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PREFACE 

T h e  I n t e r n a t i o n a l  W o r k i n g  G r o u p  o n  P l a n t  V i r u s e s  w i t h  F u n g a l  V e c t o r s  
was f o u n d e d  i n  1 9 8 8  d u r i n g  t h e  F i f t h  I n t e r n a t i o n a l  C o n g r e s s  o f  P l a n t  
P a t h o l o g y  u n d e r  t h e  c h a i r m a n s h i p  o f  C. H i r u k i .  I t  was d e c i d e d  t h a t  t h e  
g r o u p  s h o u l d  j o i n  i n  a  s c i e n t i f i c  s y m p o s i u m  e v e r y  t h r e e  y e a r s  i n  a n -  
o t h e r  c o u n t r y  a n d  t h a t  t h e  f i r s t  s y m p o s i u m  s h o u l d  b e  h e l d  i n  Germany  
i n  1 9 9 0  b e f o r e  o r  a f t e r  t h e  V I I I t h  I n t e r n a t i o n a l  C o n g r e s s  o f  V i r o l o g y .  
T h i s  s y m p o s i u m  was o r g a n i z e d  b y  t h e  German  P h y t o m e d i c a l  S o c i e t y  i n  
B r a u n s c h w e i g ,  A u g u s t  2 1 - 2 4 ,  1 9 9 0 .  

T h e  Sympos ium was a t t e n d e d  b y  m o r e  t h a n  1 0 0  s c i e n t i s t s  f r o m  1 8  c o u n -  
t r i e s  i n  E u r o p e ,  A s i a ,  N o r t h  A m e r i c a  a n d  A f r i c a .  T h e i r  c o n t r i b u t i o n s  
w h i c h  h a v e  b e e n  c o m p i l e d  i n  t h e  p r e s e n t  v o l u m e  r e f l e c t  t h e  b r o a d  
r a n g e  o f  a c t i v i t i e s  w h i c h  a r e  u n d e r t a k e n  w i t h  t h e  a i m  o f  c o m b a t i n g  
f u n g u s - t r a n s m i t t e d  v i r u s e s .  S e v e r a l  o f  t h e  e c o n o m i c a l l y  now m o s t  i m -  
p o r t a n t  d i s e a s e s  w e r e  a l m o s t  u n k n o w n  a  f e w  d e c a d e s  a g o ,  e .  g .  s u g a r -  
b e e t  r i z o m a n i a  a n d  t h e  d i f f e r e n t  f o r m s  o f  b a r l e y  y e l l o w  m o s a i c  i n  
E u r o p e  a n d  E a s t  A s i a .  T h e y  w e r e  f i r s t  d e t e c t e d  i n  a  f e w  s c a t t e r e d  
s p o t s  o n l y  a n d  h a v e  now s p r e a d  t o  v a s t  a r e a s .  No means h a v e  b e e n  
f o u n d  t o  f i g h t  t h e  l o n g - l i v i n g  r e s t i n g  s p o r e s  o f  t h e  p l a s m o d i o p h o r i d  
v e c t o r s .  C o n s i d e r a b l e  s u c c e s s ,  h o w e v e r ,  h a s  b e e n  a c h i e v e d  b y  t h e  b r e e -  
d e r s  w h i c h  c a n  s u p p l y , n o w  e i t h e r  t o l e r a n t ,  p a r t i a l l y  r e s i s t a n t  o r  e v e n  
immune c u l t i v a r s .  T h e  e x a m p l e  o f  b a r l e y  y e l l o w  m o s a i c  v i r u s ,  n e v e r t h e -  
l e s s ,  d e m o n s t r a t e s  t h a t  t h i s  s u c c e s s  may o n l y  b e  a  t e m p o r a r y  o n e .  Re-  
c e n t l y ,  a  new s t r a i n  h a s  b e e n  d e t e c t e d  a l m o s t  s i m u l t a n e o u s l y  i n  d i f f e -  
r e n t  c o u n t r i e s  w h i c h  o v e r c o m e s  t h e  i m m u n i t y  o f  t h e  new c u l t i v a r s .  T h i s  
s t r a i n  i s  a p p a r e n t l y  r e a d i l y  s p r e a d i n g  (W. H u t h .  p .  9 7  o f  t h i s  v o l u m e ) .  
New s o u r c e s  o f  r e s i s t a n c e  h a v e  t o  b e  f o u n d  a n d  t h i s  w i l l  a l s o  i n c l u d e  
g e n e t e c h n i c a l  a p p r o a c h e s  w h i c h  o - f f e r  t h e  p o t e n t i a l  o f  f i g h t i n g  t h e  
v i r u s e s  w i t h  t h e i r  own g e n e s  a n d  w h i c h  a r e  t r i e d  now b y  s e v e r a l  g r o u p s .  
A  p r e r e q u i s i t e  f o r  s u c h  a t t e m p t s  i s  a  t h o r o u g h  k n o w l e d g e  o f  t h e  m o l e -  
c u l a r  b i a l o g y  o f  t h e  v i r u s e s  a n d  a  c o n s i d e r a b l e  n u m b e r  o f  p a p e r s  i n  
t h i s  v o l u m e  d e a l  w i t h  t h i s  a s p e c t .  Much  e f f o r t  h a s  a l s o  b e e n  s p e n t  o n  
t h e  d e v e l o p m e n t  o f  new d e t e c t i o n  m e t h o d s  f o r  t h e  v i r u s e s ,  t h e  f u n g i  
a n d  t h e  s o u r c e s  o f  r e s i s t a n c e ,  u n  e p i d e m i o l o g i c a l  s t u d i e s  a n d  o n  t h e  
c h a r a c t e r i z a t i o n  o f  new v i r u s e s  o r  v i r u s - l i k e  a g e n t s  a n d  t h e i r  v e c t o r s .  
G e n e r a l  a s p e c t s ,  e .  g .  t h e  r i s k  a s s e s s m e n t  o f  t r a n s g e n i c  p l a n t s ,  a r e  
d e a l t  w i t h  i n  t h e  l a s t  s e c t i o n  o f  t h i s  v o l u m e .  

The  o r g a n i z a t i o n  o f  t h e  s y m p o s i u m  was g r e a t l y  f a c i l i t a t e d  b y  t h e  
f i n a n c i a l  s u p p o r t  g i v e n  b y  t h e  i n s t i t u t i o n s  a n d  f i r m s  l i s t e d  o n  
t h e  f o l l o w i n g  p a g e .  We a r e  a l s o  g r e a t l y  i n d e b t e d  t o  M r s .  H e i d i  
R i c h t e r  f o r  h e r  e x c e l l e n t  t y p i n g  w o r k .  

T h e . S e c o n d  S y m p o s i u m  o f  t h e  I n t e r n a t i o n a l  W o r k i n g  G r o u p  o n  P l a n t  
V i r u s e s  w i t h  F u n g a l  V e c t o r s  w i l l  h o p e f u l l y  t a k e  p l a c e  i n  S c o t l a n d  
( D u n d e e )  i n  1 9 9 3 .  

R e n a t e  K b e n i g  
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A RAPID METHOD TO DETECT POLYMYXA-TRANSMITTED BEET VIRUSES FROM SOIL 

K. Lindsten 

Department of Plant and Forest Protection, Swedish University of 
Agricultural Sciences, 750 07 Uppsala (Sweden 

Summary 

In the present method 50 g of the soil sample is put into an ordinary 
plastic cup for drinking and 50 ml pure sterilized water is added. 
After stirring the soil-water mixture and heating for 30 min at 40°C, 
two groups, each with five one-week-old beet seedlings, are transplan- 
ted into each cup. The cups are incubated in covered plastic boxes in 
order to reduce evaporation and the boxes are placed in a glasshouse 
at 20-30°C, or better, in a growth chamber at 25OC wit'h a long photo- 
period. After one week the roots are assayed for virus infection by 
ELISA and or transmission to Chenopodium quinoa. 

If the inoculum level (viruliferous Polymyxa betae) is not too low a 
total baiting and incubation period of seven days usually seems to be 
enough for detecting occurrence of beet necrotic yellow vein virus 
(BNYVV) and other Polymyxa-transmitted beet viruses with ELISA. Advan- 
tages with the method and possibilities to increase its sensitivity 
are discussed. 

Introduction 

There has been some confusion about the occurrence of rhizomania in 
Sweden. Thus, in 1986 certain ELISA tests indicated that the rhizoma- 
nia-virus, beet necrotic yellow vein virus (BNYW), might be common. 
However, this has not later been possible to confirm. Instead, another 
somewhat similar but distinct Polymyxa-transmitted virus seems to be 
common. This virus is still not definitely characterized and identi- 
fied and I prefer to use the isolate number, 86-109, until we know 
more. However, it is likely to belong to the beet soil-borne virus 
(BSBV)-group (Lindsten, 1989). 

In order to learn more about rhizomania and Swedish soil-borne viruses 
in sugarbeets I have used rhizomania inoculum from infested German 
soils and inoculum (Polymyxa with virus) from Swedish beet soils in 
big cement tubes in a net-yard (wire netting enclosure) at Ultuna, 
Uppsala. 

In addition to investigations of the sugarbeets sown in the tubes I 
have also tried to find a simple rapid method to detect and compare 
soil-borne viruses from the soil of the tubes with what can be found 
in arable fields. 

The present method, which has been in use during 1989-90, is partly 
a modification of methods described earlier (Beemster and de Heij, 
1989, Kloster et al., 1989). However, it is simpler, faster and less 
laborious without losing too much sensitivity. 

Materials and Methods 

The soil to be tested is carefully crumbled and mixed in order to get 
as representative samples as possible. 50 g of such soil is put in an 
ordinary plastic drinking cup (120 ml) and 50 ml of pure sterilized 
water is added. After careful stirring with a spoon the soil-water 
mixture is heated at 40°C for 30 min., as suggested by Beemster and 
de Heij (1987). 

The bait plants used are one-week-old beet seedlings of the sensitive 



c u l t i v a r  Hilma, which i s  v e r y  d e n s e l y  sown i n  s t e r i l i z e d  sand i n  c l a y  
p o t s  ( d i a m e t e r  9  cm).  Usua l ly  more t h a n  100 s e e d l i n g s  a r e  e a s i l y  ob- 
t a i n e d  from e a c h  p o t .  The s e e d l i n g s  can  be  e a s i l y  r i n s e d  from sand by 
r u n n i n g  t a p  w a t e r  and a f t e r  a d d i t i o n a l  s t i r r i n g  two g roups  o f  f i v e  
s e e d l i n g s  i n  e a c h  a r e  t r a n s p l a n t e d  i n t o  e a c h  cup.  The cups  a r e  incu-  
b a t e d  i n  p a r t l y  covered  p l a s t i c  boxes w i t h  w e t t e d  paper  t o w e l s  a t  t h e  
bottom i n  o r d e r  t o  r educe  e v a p o r a t i o n .  I n i t i a l l y  t h e  boxes  a r e  p l a c e d  
i n  an  o r d i n a r y  g l a s s h o u s e  a t  20-30°C. However, nowadays t h e y  a r e  p l a -  
ced  i n  a  warm growing room (25OC) w i t h  h i g h  l i g h t  i n t e n s i t y  (18 000 
Lux, Hg-lamps) and a  p h o t o p e r i o d  o f  18 h.  

A f t e r  a  b a i t i n g  p e r i o d  o f  one week (6-8 d a y s ) ,  t h e  r o o t s  o f  3-5 p l a n t -  
l e t s  a r e  washed and p r e s s e d  i n  a  Po l lShne  p r e s s .  Three  d r o p s  o f  s a p  
a r e  c o l l e c t e d  f o r  ELISA i n  a  p l a s t i c  t u b e  w i t h  1 m l  PBS-TP b u f f e r .  The 
r o l l e r s  o f  t h e  p r e s s  a r e  t h e n  f i r s t  washed w i t h  1 m l  0.01 M phospha te  
b u f f e r  which i s  c o l l e c t e d  f o r  s a p - t r a n s m i s s i o n  ( i f  t h i s  i s  t o  t a k e  
p l a c e )  and t h e n  t h o r o u g h l y  washed w i t h  t a p  w a t e r  b e f o r e  b e i n g  used f o r  
t h e  n e x t  sample .  

ELISA i s  c a r r i e d  o u t  i n  t h e  u s u a l  way u s i n g  o u r  own a n t i s e r a ,  one t o  
BNYW and one t o  a  t y p i c a l  Swedish s o i l - b o r n e  b e e t  v i r u s  i s o l a t e ,  
86-109, which most p r o b a b l y  i s  an  i s o l a t e  o f  t h e  BSBV-type. More de- 
t a i l s  a b o u t  t h e  i s o l a t e s  used  f o r  a n t i s e r a  p r o d u c t i o n  and t h e  s e t - u p  
o f  i s o l a t e s  i n  t h e  t o t a l l y  e n c l o s e d  n e t - y a r d  a t  U l t u n a ,  Uppsala ,  a r e  
found i n  L i n d s t e n  ( 1 9 8 9 ) .  

--.- - -- . 
R e s u l t s  

I n  1989 and 1988,  b u t  i n  c o n t r a s t  t o  1987 ( L i n d s t e n ,  1 9 8 9 ) ,  r a t h e r  
few s u g a r b e e t  f i e l d s  were found from which c l e a r  p o s i t i v e  ELISA f o r  
86-109 were o b t a i n e d  d i r e c t l y  from c o l l e c t e d  f i e l d  p l a n t s .  However, 
i n  1989 we s t a r t e d  t o  t r y  t o  d e t e c t  s o i l - b o r n e  v i r u s e s  i n  s o i l  by 
u s i n g  t h e  r a p i d  method. From a l l  86-109 p o s i t i v e  f i e l d s ,  and i n  a d d i -  
t i o n  from s e v e r a l  o f  t h e  n e g a t i v e  o n e s ,  f r e q u e n t l y  h i g h  ELISA r e a d i n g s  
f o r  86-109 were o b t a i n e d  a l r e a d y  a f t e r  a b o u t  one week f o r  b a i t  p l a n t s  
t r a n s p l a n t e d  i n t o  s m a l l  s o i l  samples  i n  w a t e r .  I n  no c a s e  was any e v i -  
dence found f o r  o c c u r r e n c e  o f  BNYW. Thus,  t h e  ELISA r e a d i n g s  a f t e r  
60 min were g e n e r a l l y  < 0.05 and no t r a n s m i s s i o n  o f  BNYW t o  Chenopo- 
dium s p p  was o b t a i n e d .  -- 
On t h e  o t h e r  hand,  i n  t h e  e n c l o s e d  n e t - y a r d  a t  Ul tuna ,  Uppsala ,  where 
a l s o  rh izomania  was e s t a b l i s h e d  a l r e a d y  i n  1984 i n  some cement t u b e s ,  
c l e a r  p o s i t i v e  ELISA was o b t a i n e d  b o t h  f o r  BNYW and 86-109. A l l  t e s t s  
a c c o r d i n g  t o  t h e  r a p i d  method from f i v e  o f  t h e  t u b e s  i n  t h e  ne t -ya rd  
d u r i n g  1989 and s o  f a r  i n  1990 a r e  summarized i n  F i g .  1 i n  o r d e r  t o  
g i v e  some i d e a  o f  t h e  u s e f u l n e s s  of t h e  method f o r  d e t e c t i n g  n o t  o n l y  
86-109 b u t  a l s o  BNYW. 

From a  c o n t r o l  t u b e  w i t h o u t  inoculum no ev idence  was o b t a i n e d  i n  ELISA 
e i t h e r  f o r  86-109 o r  f o r  BNYW. N e i t h e r  was any i n d i c a t i o n  o f  BNYW 
found from t h e  two t u b e s  w i t h  Swedish inoculum ( a l t o g e t h e r  16+14 = 
30 t e s t s ) .  However, a l l  16 t e s t s  from t u b e  1 gave p o s i t i v e  r e s u l t s  f o r  
86-109 ( l o w e s t  r e a d i n g  0.27 and h i g h e s t  >2 b u t  coun ted  a s  2  i n  t h e  
f i g u r e  and g i v i n g  a n  a v e r a g e  o f  1 . 0 8 ) .  Two n e g a t i v e  r e a d i n g s  ( < 0 . 1 )  
b u t  12 c l e a r  p o s i t i v e  were o b t a i n e d  i n  t u b e  2. From t h e  t u b e s  w i t h  
German inoculum, on t h e  o t h e r  hand, c l e a r  p o s i t i v e  r e a d i n g s  were i n  
g e n e r a l  o b t a i n e d  f o r  b o t h  BNYW and 86-109. Tha t  t h e  German inoculum 
was i n f e s t e d  n o t  o n l y  w i t h  BNYW b u t  a l s o  wikh v i r u s  o f  t h e  86-109 
t y p e  h a s  been known s i n c e  1988 ( L i n d s t e n ,  1 9 8 9 ) .  

Very s i m i l a r  r e s u l t s  were o b t a i n e d  f o r  a l l  t u b e s  when ELISA was made 
from s u g e r b e e t  p l a n t s  sown i n  t h e  t u b e s  even i f  t h e  i n f e c t i o n  r a t e  
v a r i e d  w i t h  t ime  o f  sowing and age o f  p l a n t s ,  which w i l l  be  r e p o r t e d  
on e l sewhere .  



N o .  o f  t es ts  ( 3 - 5  b a i t  p l a n t s  i n  e a c h )  w i t h  + a n d  - r e a c -  
t i o n  

F i g .  1. A v e r a g e  o f  ELISA o f  b a i t  p l a n t s  i n  s o i l  s a m p l e s  f r o m  
i n o c u l a t e d  n e t - y a r d  a t  U l t u n a  d u r i n g  1989-90.  

D i s c u s s i o n  

The  s l m p l e s t  way t o  a s s a y  s o i l  s a m p l e s  f o r  o c c u r r e n c e  o f  Po lymyxa-  
t r a n s m i t t e d  v i r u s e s  i s  t o  sow a  s e n s i t i v e  b e e t  c u l t i v a r  i n  t h e  s a m p l e  
a n d  a s s a y  r o o t s  a f t e r  t h e  n e c e s s a r y  b a i t i n g  a n d  incubation p e r i o d .  
However ,  e v e n  when u s i n g  t h e  m o s t  o p t i m a l  g r o w i n g  c o n d i t i o n s  f o r  w- 
myxa ( c a  25OC a n d  h i g h  m o i s t u r e )  it u s u a l l y  t a k e s  s e v e r a l  a n d  a t  l e a s t  
t h r e e  weeks  b e f o r e  a  r e l l a b l e  t e s t i n g  o f  t h e  b a i t  p l a n t s  c a n  t a k e  p l a c e .  
F r e q u e n t l y  i n  t h e s e  g r o w i n g  c o n d i t i o n s ,  Aphanomyces a n d  o t h e r  s o i l -  
b o r n e  p a t o g e n s  w i l l  c a u s e  d y i n g ,  o r  i n  a n y  c a s e  d i s t u r b a n c e ,  o f  t h e  
b a i t  p l a n t s .  T h i s  i s  m a i n l y  overcome by t h e  s h o r t e r  t i m e  n e e d e d  f o r  
t h e  r a p i d  method  d e s c r i v e d .  I n  a d d i b i o n ,  t h e  r i s k t s  f o r  u n s p e c i f i c  
r e a c t i o n s  ( h i g h  b a c k g r o u n d )  i n  t h e  ELISA a r e  less a n d  much less g r o -  
wing  s p a c e  i s  n e e d e d .  



Improvements o f  t h e  b a i t  p l a n t  methods  have  been  made by Beemster  and  
d e  H e i j  ( 1 9 8 7 )  and K l o s t e r  e t  a l .  ( 1 9 8 9 ) .  P r o b a b l y ,  t h e  s e n s i t i v i t y  
o f  t h e  p r e s e n t  method i s  less t h a n  f o r  t h e  above  methods .  However, i t  
h a s  s o  many a d v a n t a g e s ,  i n c l u d i n g  t h e  s i m p l e  p r o c e d u r e ,  t h a t  i t  may be 
wor th  t r y i n g  a t  l e a s t  a s  a  p r e l i m i n a r y  s c r e e n i n g  t e s t .  Accord ing  t o  
e x p e r i m e n t s  i n  p r o g r e s s ,  i t s  s e n s i t i v i t y  c a n  a l s o  be i n c r e a s e d  v e r y  
c o n s i d e r a b l y  by k e e p i n g  t h e  b a i t i n g - i n c u b a t i o n  t e m p e r a t u r e  c l o s e  t o  
25OC, h a v i n g  h i g h  l i g h t  i n t e n s i t y  and  a  l o n g  l i g h t  p e r i o d .  P e r h a p s  
a l s o  a n  improvement  o f  t h e  h e a t i n g  p r o c e d u r e  and a  s u i t a b l e  n u t r i e n t  
s o l u t i o n  i n s t e a d  o f  j u s t  p u r e  s t e r i l i z e d  w a t e r  w i l l  become i m p o r t a n t ,  
e s p e c i a l l y  i f  t h e  i n c u b a t i o n  p e r i o d  n e e d s  t o  be  i n c r e a s e d  ( c f .  P e t e r s  
and  Godfrey-Vel tman,  1 9 8 9 ) .  

A l l  t h e  tes ts  i n F i g . 1  a p p l y  t o  t h e  f i r s t  p l a n t  g r o u p  t e s t e d  and  a  
b a i t i n g - i n c u b a t i o n  p e r i o d  o f  6-8 d a y s .  However, w e  a r e  r o u t i n e l y  u s i n g  
two g r o u p s  o f  b a i t  p l a n t s  w i t h  5 p l a n t s  i n  e a c h  t o  e a c h  c u p  w i t h  t h e  
s o i l - w a t e r  m i x t u r e .  I f  t h e  g rowing  c o n d i t i o n s  a r e  good,  most  o f  t h e s e  
p l a n t s  w i l l  s u r v i v e  some weeks and  it i s  p o s s i b l e  t o  make a  s econd  
t e s t  a f t e r  some a d d i t i o n a l  i n c u b a t i o n  t i m e ,  which  u s u a l l y  i n c r e a s e s  
t h e  i n f e c t i o n  r a t e .  T h i s  i s ,  o f  c o u r s e ,  o f  i m p o r t a n c e  i f  t h e  f i r s t  
t e s t  g i v e s  n e g a t i v e  r e s u l t s  and  t h e  v i r u l i f e r o u s  Polymyxa c o n c e n t r a -  
t i o n  i s  b e l i e v e d  t o  be  v e r y  low. A n o t h e r  p o s s i b i l i t y  t o  check  i n f e c -  
t i o n  i n  t h e  b a i t  p l a n t s  i s  by means o f  s a p - t r a n s m i s s i o n s  t o  Chenopo- 
dium spp .  However, i n  g e n e r a l  t h e  i n f e c t i o n  r a t e  w i l l  t h e n  be  l ower  - 
t h a n  t h a t  g i v e n  by ELISA. 

W e  now have  c o n s i d e r a b l e  e x p e r i e n c e  o f  t h e  r a p i d  method f o r  a s s a y i n g  
v i r u s e s  f rom s o i l s  o f  Swedish  s u g a r b e e t  f i e l d s .  Thus ,  w e  have  found 
t h a t  v i r u s e s  o f  t h e  86-109 t y p e  s e e m  t o  b e  v e r y  common and i n  many 
f i e l d s  t h e y  o c c u r  a l s o  i n  h i g h  f r e q u e n c y  a c c o r d i n g  t o  t h e  ELISA tes ts ,  
e v e n  i f  t h e  c o n c e n t r a t i o n  i n  t h e  f i e l d  b e e t s  may be  low and d i f f i c u l t  
t o  d e t e c t  ( L i n d s t e n ,  1 9 8 9 ) .  On t h e  o t h e r  hand ,  t h e  ELISA p l a t e s  f o r  
BNYW which  h a v e  a l w a y s  been  i n c l u d e d  i n  t h e  tests have  a l w a y s  g i v e n  
n e g a t i v e  r e s u l t s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  h o l e s  o f  t h e  p o s i t i v e  con-  
t r o l s  from t h e  n e t - y a r d .  However, i f  t h i s  means t h a t  w e  have  no  BNYW 
i n  Swedish- s u g a r b e e t  f i e l d s ,  s o  f a r ,  o r  i f  t h e  c o n c e n t r a t i o n  i n  t h e  
s amples  t e s t e d  i s  t o o  low t o  be  d e t e c t e d  w i t h  t h i s  method,  h a s  t o  b e  
f u r t h e r  i n v e s t i g a t e d .  
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Summary 

The presence of beet necrotic yellow vein virus (BNYW) could 
not been confirmed in Finland. A soil-borne sugar beet virus 
(isolate 86-109) could be detected by ELISA in sugar beet 
plants collected from fields and in bait plants. ISEM 
confirmed these results. No virus was detected in bait plants 
grown in soil samples from Estonia, USSR or in fodder beet 
plants from Estonia. Polymyra betae was present in both Finnish 
and Estonian soils and beets. 

Introduction 

Rhizomania disease of sugar beet caused by beet necrotic yellow . 

vein virus ( B N Y W )  is not known to occur in Finland. However, 
because of the monoculture of sugar beet, the presence of the 
vector of B N Y W  (Polymyra betae Keskin) in field soils 
(Vestberg, 1989) and the prevalent soil temperatures (Laurinen 
and Sako, 19801, the occurrence of rhizomania in Finland is 
possible. This paper describes a field survey carried out to 
determine the incidence of P. betae, rhizomania and similar 
diseases of beets between 1988 and 1990. 

Materials and methods 

Sugar beet plants and soil samples were collected from regions 
of fields where sugar beet showed poor growth. Twenty plant and 
soil samples in 1988 and 47 plant and 44 soil samples in 1989 
were collected from the main sugar beet growing areas in 
south-western Finland. In both years the crops were sown in the 
first week of May and sampled in August/September. In addition 
to this, five fodder beet and four soil samples collected from 
Estonia, USSR in 1989. The soil samples were air-dried for 4-7 
weeks and tested using a modification (Kloster, Begtrup and 
Engsbro, 1989) of the bait plant method originally described by . 
Beemster and de Heij (1987). 

Roots of sugar beet plants from fields and bait plants were 
tested by enzyme-linked immunosorbent assay (ELISA) and the 
presence of viruses was confirmed by imrnunosorbent electron 
microscopy (ISEM) and sap inoculations to indicator plants. 
ELISA was performed by the direct method as described by Clark 
and Adams (1977) using antisera to B N Y W  supplied by Boehringer 
and Sanofi and to a Swedish soil-borne sugar beet virus 
(isolate 86-109) kindly supplied by Prof K. Lindsten, Uppsala, 
Sweden. The threshold value used was the mean absorbance value 
plus three standard deviations of the healthy controls. 



Results 

In 1988 six sugar-beet plants reacted positively to 86-109 
antiserum and two reacted positively to the B N Y W  antiserum 
(Table 1). One bait plant reacted positively to the 86-109 
antiserum and one to the B N Y W  antiserum. 

Sap inoculations from the roots of these sugar beet and bait 
plants to Chenopodium gutnoo and electron microscopy confirmed 
the presence of the virus isolate 86-109 in two samples, but 
the presence of B N Y W  could not be confirmed by these methods. 
P. betoe was seen in roots of 45% of the bait plants. 

Table 1. ELISA-values for sugar beet plants from fields and 
bait plants giving positive reactions to the 86-109 and B N Y W  
(Boehringer) antisera in 1988 tests. 

Absorbance at 405 nm 
86-109 B N Y W  

Sample Bait sugar bait sugar 
plant beet plant beet 

Healthy 0.025 0,121 0,005 0,016 
control 
1 * 0,633 
2 * 0,877 
3 * 4,443 
6 1,126 
10 * 0,378 
11 * 0,944 
18 0,225 * 

* absorbance was below threshold value 

In 1989 five bait plants and seven sugar beet plants reacted 
positively to the 86-109 antiserum; four of these bait plants 
corresponded to fields where infected sugar beet were also 
found (table 2). None of the sugar beet or bait plants reacted 
positively to the B N Y W  antiserum in ELISA tests. The 
absorbance values for the bait plants was clearly negative, but 
those of for the sugar beets were close to the threshold value. 
P. betoe was seen in roots of 39% of the bait plants and 63% 
of the sugar beet plants. 

Yellow flecks appeared in C. guinoo leaves 6-8 days after 
Inoculation with ground up roots of sugar beet and bait plants 
that reacted positively to the 96-109 antiserum. Symptoms of 
the sugar beet virus 86-109 were sometimes difficult to 
recognize due to tobacco necrosis (TNV) and tobacco mosaic 
(TMV) infections. Electron microscopical examination of dip 
preparations of these C. gutnoo leaves and sugar beet roots 
revealed few rod-shaped particles. When the 86-109 antiserum 
was used to trap particles, about 120 particles from each of 
the three isolates could be measured. Particle length 
distributions varied between isolates, but those that were 
measured had common peaks at 90-150 nm and 200-260 nm. One 



isolate had a third peak at 300-340 nm. 

Table 2. ELISA values for sugar beet plants from fields and 
bait plants giving positive reactions to 86-109 antiserum in 
1989 tests. 

Absorbance at 405 nm 
86-109 

Sample Bait Sugar 
plant beet 

Healthy 0,015 0,027 
control 
(for samples 24-53) 

healthy 0,068 0,047 
control 
(for samples 54-70) 

+ no soil sample 
* absorbance was below threshold value 

No B N Y W  or 86-109 was detected in bait plants grown in soil 
samples or in fodder beet plants collected from Estonia. P. 
betae was defected in one bait plant grown in an Estonian soil 
sample and in two fodder plants from Estonia. 

Discussion 

ELISA tests on sugar beet plants collected from fields often 
gave high absorbance values which indicated the presence of 
B N Y W  or the virus isolate 86-109. ISEM and sap inoculations 
confirmed the presence of 86-109 in some of these samples, but 
failed to confirm the presence of BNYW. Lindsten (1989) 
suggested that extracts from old sugar beet roots may cause 
unspecific reactions--in ELISA and this may explain some of the 
high absorbance values observed. All the samples which gave 
positive or unclear results were tested two or four times by 
ELISA and sap inoculation tests. The high incidence of 
damping-off fungi in soil in 1988 may have weakened the 
physiological condition of sugar beet plants from the field and 
in bait tests. This may have caused the confusing ELISA results 
(cf. Gunn and Pares, 1988). 

ELISA and ISEM tests on bait plants and sap inoculations from 
these plants to indicator plants confirmed the presence of the 
sugar beet virus isolate 86-109 in Finnish soils, but failed to 



confirm the presence of BNYW. The virus isolate 86-109 occured 
in several fields which were distant from each other indicating 
that it may have been present in field soils in Finland for a 
long time. 
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Summary . . 

On the basis of symptoms produced on Cheno~odium auinoa leaves by inocula 
prepared from field-grown sugar beet lnfected with the beet necrotic yellow 
vein virus (BNYVV) Hein (1987) demonstrated that BNYVV-infected plants 
sometimes contain tobacco necrosis virus and also an apparently unknown 
virus, which she called Gansefuss-Nekrose-Virus (GNV). This virus produces 
large necrotic patches on & ~ u i n o a  leaves, which spread quickly along the 
veins. No virus-like particles could be found either in dip-preparations or. in 
partially purified samples but phenol-extracts were highly infectious. The 
infective material can be reconstituted to rod-shaped particles using purified 
coat-protei n of BNYVV. 

Introduction 
I 

When a sap from sugar beet leaves lnfected withJ the beet nectrotic yellow vein 
virus was used to mechanically inoculate Cheno~odium auinoa three different 
types of lesions developed: chlorotic lesions typical of BNYVV, t iny necrotic. 
lesions, that could be identified as those of tobacco necrosis virus, and large 
necrotic patches that spead rapidly along the leaf velns. This "virus" was 
provislonall y called "Gansefuss-Nekrose-Virus" (GNV) by Hein (1987). GNV can 
be mechanically transmitted to auinoa, though with a poor efficiency. Here I 
report on our preliminary. attempts toward a characterization of this new 
infectious agent. 

Materials and Methods 

The BNYVV infected sugar beet plants were collected from a grower's plot in 
Bavaria. Cheno~odium aulnoa plants, raised in an aphid-proof greenhouse, were 
used to pur i fy the BNYVV from the other associated viruses. The isolate of 
BNYVV was increased in Spinach lS~ inac i a  oleracea) and the virus was 
extracted by a butanol-chloroform procedure. Native coat protein of BNYVV was 
prepared by the acetic acid method of Fraenkel-Conrat (1957). The protein was 
dialysed exhaustively against double distilled water and dissolved in 0.05 
trisphosphate buffer of pH 8.0. BNYVV-RNA was extracted from the virus by a 
phenol-SDS method. Since no virus particle could be detected in GNV-infected 
plants, total nuclelc acids were prepared from primary inoculated C. auinoa 
leaves, 6 or  7 days after inoculation according to a phenol-chloroform method. 

For 'reconstitution of rod-shaped particles nucleic acid samples were mixed with 
BNYVV-protein in pyrophosphate buffer of pH 7.3 (Fraenkel-Conrat and Singer 
1957). A typical reconstitution experiment was performed by mixing ( in an ice 
bath) 2.0 ml of 0.2 M pyrophosphate buffer (pH 7.3) with 0.7 ml of double 
distilled water, followed by 0.74 ml BNYVV-protein (= 2.5 mg protein) and 1.56 
ml of total Chenopodium nucleic acid ( = about 0.125 mg total RNA) in a centri- 
fuge tube. The mixture (5 ml) was gently shaken, incubated at room temp. for 
1/2 h r  and kept overnight at about 6O C. The opalescent solution was centri- 
fuged at low speed (about 7000 x g) for 10 min at 5O C and the supernatant 
was centrifuged for one hour at 80.000 x g in an ultracentrifuge. The pellet 
was suspended in distilled water. 
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Results 

Homogenates of infected C. auinoa leaves prepared in  water or  in HEPES buffer 
(pH 7,O) could be used for inoculation of C. auinoa but the infectivity was very 
low: only 1 or  2 lesions developed on each inoculated leaf. The homogenates 
lost infectivity in 24 hrs 'at  room temp. and within 48 hrs when maintained at 
60 C. Infected leaves frozen at -200 C retained infectivity for 10 days and 
freeze-dried leaves, kept over anhydrous CaCIz, were infectious up to 4 weeks. 
Dip preparations (Brandes 1964) contained no rod-shaped or  flexuous virus-like 
particies. Considering that the virus might consist of small isometric particles, 
a purification procedure was adoped, that had proved efficient for the isolation 
of cucumber mosaic virus (Lucas, C. 1985). No isometric virus-like particle was 
found by this method. However, the phenol-extracts were highly infectious. 

Preparations containing on1 y 5 ug of total RNA dissolved in tr is-p hosphate 
buffer (0.1 L pH 8.8) produced more than 60 lesions per leaf of C. auinoa. 
Nucleic acid prepared from such leaves was used for  reconstitution as 
mentioned under materials and methods. The particles obtained after reconsti- 
tution in (and contrasted with 2% PTA, pH 6.1) were about 270 nm in 
length. Control experiments performed with total nucleic acids from healthy 
Cheno~odi um leaves did not yield any rod-shaped particle. Reconstituted 
particies of different lengths were obtained when RNA extracted from purified 
BNYVV particles was incubated with BNYVV-protein in py rophosphate buffer. 
The Em/Emnm values of the particles reconstituted with BNYVV-protei n 
using BNYVV-RNA and GNV-RNA were 1.2 and 1.1, respectively. 

Dlscusslon 

The "new virus", presented here was obviously associated with BNYVV and 
could be isolated using the local lesion host Chenowodium auinoa. The symptom 
produced on C. auinoa is very similar to that caused by the beet soil borne 
virus (BSBV), reported by Henry, Jones and Coutts (1986). However, we could 
not f ind any particle of BSBV even after several attempts. The quick loss of 
infectivity in leaf sap speaks also against the presence of a virus particle in 
our samples. Moreover, the ability of BNYVV-protein to coat GNV-RNA in vi t ro 
indicates that we are not dealing with BSBV; assuming that BSBV-RNA most 
probably does not contain a nucleotide sequence for the initiation of assembly 
in v i t ro  with BNYVV-protein. On the other hand, i f  a variant of one of the -- 
large RNAs of BNYVV is capable of inducing large necrotic lesions on C. auinoa, 
i t  could be reconstituted with BNYVV-protein jn vitro; so that we may not be 
justified in giving a new name to our isolate. This question, as well as the 
possibility, that we have found the large RNA-component of a strain of tobacco 
rattle v irus (a suggestion of Dr.  B.D. Harrison, Scottish Crop Research 
Institute, Invergowrie, Dundee, U.K.) have yet to be examined. 
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Summary 

The E n g l i s h  i s o l a t e  o f  beet  so i l - bo rne  v i r u s ,  a Swedish i s o l a t e  (86-109), a Be lg ian  
is01 a t e  (1530) and a French i s o l a t e  o f  beet  n e c r o t i c  ye1 low v e i n  v i r u s  (BNYVV-Fr) 
were compared us ing  immunoblo t t ing  and RNA-RNA b l o t  h y b r i d i s a t i o n  techn iques.  
Immunoblots o f  e x t r a c t s  f r om p l a n t s  i n f e c t e d  w i t h  each v i r u s  were probed w i t h  
a n t i s e r a  produced aga ins t  t h e  Swedish 86-109 i s o l a t e .  The a n t i s e r a  r e a c t e d  w i t h  a 
p r o t e i n  o f  Mr ca. 18,000 D found i n  e x t r a c t s  o f  p l a n t s  i n o c u l a t e d  w i t h  t h e  i s o l a t e s  
BSBV-\I, 86-109 and 1530, t h i s  p r o t e i n  i s  thought  t o  be t h e  coa t  p r o t e i n  
of BSBV. No s e r o l o g i c a l  r e l a t i o n s h i p  was de tec ted  between t h e  86-109 i s o l a t e  and 
BNYVV i n  s i m i l a r  imnunob lo ts .  The dsRNA spec ies  of each i s o l a t e  were probed 
r e c i p r o c a l l y  and s i g n i f i c a n t  c r o s s - h y b r i d i s a t i o n  was de tec ted  between t h e  BSBV-N, 
86-109 and 1530 i s o l a t e s  y h i l e  t h e r e  was no s i g n i f i c a n t  h y b r i d i s a t i o n  between these 
is01 a tes  and BNYVV. 

I n t r o d u c t i o n  

Beet so i l - bo rne  v i r u s  (BSBV) was i s o l a t e d  i n  1981 f rom t h e  r o o t s  o f  sugar beet  
grown i n  a s o i l  sample t aken  f rom a s i t e  a t  N o r f o l k ,  England ( I vanov i?  and 
Macfar lane,  1982). T h i s  i s o l a t e  o f  BSBV has been termed BSBV-N. The v i r u s  has 
t u b u l a r  p a r t i c l e s  19 nm i n  d iameter  w i t h  a c e n t r a l  cana l  and a range o f  l eng ths ,  
w i t h  a main peak a t  150 nm and two  sma l l e r  peaks a t  65 nm and 300 nm (1vanoviE and 
Bac fa r l ane ,  1982). BSBV-N resembles BNYVV i n  p a r t i c l e  s i z e  and shape and b o t h  a re  
t r a n s m i t t e d  b y  t h e  plasmodiophoromycete fungus Pol xa be tae  (Henry Gal., 1986). 
Recen t l y  severa l  t u b u l a r  v i r u s e s  s i m i  1 a r  i n  m o r * t m V - N  have been i s o l a t e d  
f rom sugar beet  i n  Sweden and West Germany (Lesemann e t  a1 . , (1989) and Belgium 
(Verhoyen e t  a l . ,  1987). Lesemann e t  a l . ,  1989 have i Z i T f i e d  two  s e r o l o g i c a l  
groups w i t m h e s e  i s 0 1  a tes ,  g r o u p n i c h  c o n t a i n s  t h e  German i s01  a tes  Wier tha 
and Dornheim and group 2 which c o n t a i n s  t h e  German i s o l a t e  Ahlum, t h e  E n g l i s h  
i s o l a t e  BSBV-N and t h e  Swedish i s o l a t e ,  86-109. 

M a t e r i a l s  and Methods 

V i r u s  c u l t u r e .  I s o l a t e s  were c u l t u r e d  i n  Cheno odium quinoa. P l a n t s  were 
mechan i ca l l y  i n o c u l a t e d  and ma in ta ined  as &y Henry e t  al., (1986).  
I n f e c t e d  leaves were ha rves ted  5 t o  6 days a f t e r  i n o c u l a t i o n .  
Imnunoblo t t inq .  E x t r a c t s  o f  i n f e c t e d  o r  h e a l t h y  l e a f  o r  r o o t  sap were c e n t r i f u g e d  
a t  15,800g f o r  5 min  and t h e  supernatants  and marker p r o t e i n s  denatured b y  h e a t i n g  
t o  100 C f o r  5 min  i n  d e n a t u r a t i o n  b u f f e r  (1C.b G l y c e r o l ,  Bromophenol b l u e ,  Tris-HC1 
(62.5 mM, pH 6.81, 5% 2-mercaptoethanol , 0.1% SDS). The samples were 
e lec t ropho resed  th rough  a 1 C.b SDS-polyacryl amide ge l  and then  imnobi 1 i s e d  on 
n i t r o c e l l u l o s e  by  immunoblo t t ing  (Towbin fi., 1979). B l o t s  were probed w i t h  a 
p o l y c l o n a l  a n t i s e r a  produced t o  t h e  BSBV 86-109 i s o l a t e .  D e t e c t i o n  o f  bound 
a n t i b o d i e s  w i t h  a P r o t e i n  A-peroxidase con juga te  by  p r o b i n g  w i t h  t h e  a n t i s e r a  
f o l l o w e d  b y  i n c u b a t i o n  w i t h  4-chloro-1-napthol and hydrogen pe rox ide  was c a r r i e d  
o u t  as descr ibed by  Sherwood (1987). 
DsRNA e x t r a c t i o n  and h b r i d i s a t i o n .  DsRNA was e x t r a c t e d  f rom i n f e c t e d  C 
l e a v e s  by t h e  CF-11 a & i n i t y  column method ( M o r r i s  and Dodds, 1979). P a n s  
were t r e a t e d  w i t h  DNase 1 t o  remove contaminat ing  DNA and S1 nuc lease t o  remove 
ssRNA. DsRNA p r e p a r a t i o n s  were e lec t ropho resed  through a 5% po lyacry lamide ge l  f o r  



16h a t  60-EOV. N u c l e i c  ac ids  were v i s u a l i s e d  by  s t a i n i n g  w i t h  e t h i d i u m  bromide and 
photographed on a  t r a n s - i l l u m i n a t o r .  DsRNA was e l e c t r o b l o t t e d  f rom g e l s  onto  
Zetaprobe membranes ( B i o r a d l  and pro9sd u s i n g  dsRNA probes produced by  end 
l a b e l 1  i n g  dsRNA p r e p a r a t i o n s  u s i n g  [ P I  'd -ATP and T4 p o l y n u c l e o t i d e  k i nase  (Henry 
and Hutchinson, 1989).  

Resu l t s  

The s e r o l o g i c a l  r e 1  a t i o n s h i p  between two E n g l i s h  i s 0 1  a tes  BSBV-N, BSBV-452N, t h e  
Swedish 86-103 and B e l g i a n  1530 i s o l a t e s  were compared by immunoblo t t ing .  B l o t s  
were probed w i t h  a  p o l y c l o n a l  a n t i s e r a  made aga ins t  t h e  86-109 i s o l a t e .  The 
a n t i s e r a  r e a c t e d  w i t h  a  p r o t e i n  w i t h  an Mr ca. 18 KD i n  b o t h  t h e  86-109 and 

F ig .  1. Immunoblot a n a l y s i s  o f  p r o t e i n s  f r o m  v i r u s - i n f e c t e d  and h e a l t h y  C  
l e a f  e x t r a c t s .  A) BNYVV; 8 )  Hea l t hy  C. quinoa; C) 1530; D) 86-109; E m  
F )  BSBV-491 N; G) Pres ta ined  p r o t e i n  mo lecu la r  we ight  s tandards ;  low range 
(3,000-43,000 D) . 
1530 i s o l a t e s ,  t h i s  p r o t e i n  i s  t hough t  t o  be t h e  c o a t  p r o t e i n  (F ig .  1 ) .  No 
s e r o l o g i c a l  r e a c t i o n  was de tec ted  when sap produced f rom C. quinoa l eaves  
i n o c u l a t e d  w i t h  t h e  E n g l i s h  BSBV i s o l a t e  was t e s t e d ,  however when sap f rom r o o t s  o f  
sugar beet  (Beta  v u l g a r i s ,  cv.  Monoi re)  p l a n t s  i n f e c t e d  w i t h  BSBV-N was t e s t e d  a  
p r o t e i n  o f  s i m i l a r  Mr r e a c t e d  p o s i t i v e l y  ( r e s u l t s  n o t  shown). The i n a b i l i t y  o f  t h e  
a n t i s e r a  t o  d e t e c t  t h e  c o a t  p r o t e i n  o f  t h e  E n g l i s h  i s o l a t e s  i n  l e a f  e x t r a c t s  i s  
p robab l y  due t o  t h e  low v i r u s  t i t r e  present  i n  leaves,  as evidenced by  an i n a b i l i t y  
t o  r o u t i n e l y  d e t e c t  v i r i o n s  by  e l e c t r o n  microscopy o f  such e x t r a c t s  ( r e s u l t s  n o t  
shown). There was no c ross  r e a c t i o n  de tec ted  between t h e  a n t i s e r a  and BNYVV. 
Double-stranded RNA p repa ra t i ons  i s o l a t e d  f rom C .  qu inoa l o c a l l y  i n f e c t e d  
sepa ra te l y  w i t h  BSBV-N, 86-109 and 1530 and a  French i s o l a t e  o f  BNYVV were compared 
f o l l o w i n g  sepa ra t i on  on non-denatur ing p o l y a c r y l  amide g e l s  (F ig .  2 ) .  The dsRNA 
p r e p a r a t i o n s  f rom BSBV-N i n f e c t e d  l eaves  con ta ined  3  major ,  and o c c a s i o n a l l y  1  
minor  dsRPlA spec ies ,  the5molecu lar  we ights  o f  t h e  3  major  dsRNA spec ies  be ing  ca. 
4.1, 1.95 and 1.68 x  10- (Henry and Hutchinson, 1989). DsRNA p r e p a r a t i o n s  f rom 
t h e  1530 and 86-109 i n f e c t e d  leaves a l s o  con ta ined  3  major  dsRNA spec ies  which are  
o f  s i m i l a r  m o b i l i t y  t o  those o f  BSBV-N, however o n l y  t h e  l ower  dsRNA spec ies  a re  
shown i n  t h e  r e s u l t  i l l u s t r a t e d  i n  F i g .  2. 
Sequence homology between t h e  v i r u s  i s o & t e s  was i n v e s t i g a t e d  us ing  RNA-RNA b l o t  
h y b r i d i s a t i o n .  B l o t s  were probed w i t h  [ P I  end-1 a b e l l e d  BSBV-N dsRNA. S i g n i f i c a n t  
h y b r i d i s a t i o n  was de tec ted  between t h e  i s o l a t e s  BSBV-N, 86-109 and 1530, w h i l e  
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t $ e r e  was no s i g n i f i c a n t  h y b r i d i s a t i o n  between BSBV-N and BNYVV (F ig .  3 ) .  

D l  scuss ion 

Resu l t s  o f  i n u n o b l o t t i n g  exper iments suggest BSBV-N, 86-109 and 1530 a r e  a l l  

F i g .  2. E l e c t r o p h o r e s i s  i n  a  5% po l yac ry lam ide  ge l  o f  dsRNAs i s o l a t e d  f rom leaves  
i n f e c t e d  w i t h  t h e  i s o l a t e s :  1530 ( l a n e  11, 86-109 ( l a n e  2 1 ,  BNYVV ( l a n e  31, BSBV-N 
( l a n e  4 ) .  u i n o a  p r e p a r a t i o n  ( l a n e  5) .  As e r  i l l u s  f oe t i dus  v i r a l  
dsRNA 8s st:::::% & Numbers t o  t h e  s i d e  of*fer t o  t h e  Hr 
( x  10- ) o f  t h e  dsRNA markers.  

F i g .  3. Autorad iograph o f  RNA-RNA b l o t  h y b r i d i s a t i o n .  N y s l e i c  a c i d s  were 
e l e c t r o b l o t t e d  on t o  Zetaprobe membrane and probed w i t h  [ P I  end l a b e l l e d  BSBV-N 
dsRNA. Lanes 1-6 ,as f o r  F i g .  2. 

s e r o l o g i c a l l y  r e l a t e d  t o  one another  and t h a t  t h e  Be lg ian  i s o l a t e  1530 may be 
i n c l u d e d  i n  t h e  BSBV sero type group 2 as desc r i bed  by  Lesemann Gal., (1989). 



BSBV i s  apparent ly s e r o l o g i c a l l y  d i s t i n c t  from BNYVV. The th ree  BSBV i s o l a t e s  are 
apparent ly not on ly  se ro log ica l  l y  r e l a t e d  but  have s i m i l a r  dsRNA p r o f i l e s  and 
composition which are a lso  d i s t i n c t  from BNYVV. 
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BEET SOIL-BORNE VIRUS: ELECTROPHORETIC PATTERNS OF. esRNAs AND dsRNAs 
AND PREPARATION OF cDNA CLONES 
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Lesemann 
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Summary 

The patterns of s s  and dsRNAs associated with the Ahlum isolate of beet soil-borne virus were 
studied after agarose gel electrophoresis under denaturing (60% formarnlde) and undenaturing 
conditions, respectively. The RNAs were detected by means of ethidium bromide staining and by 
means of Northern blotting using cloned cDNAs. The cDNAs had been obtained by using dena- 
tured dsRNA from infected leaves as a template. By means of Northern blotting we detected 
virus-specific ssRNAs of 3.6 kb and 3.2 kb and dsRNAs of 3.6 kbp and 3.2 kbp, respectively. in 
extracts from infected leaves. The 3.2 kb ss-RNA or the 3.2 kbp dsRNA were apparently not 
derived from the 3.6 kb and the 3.6 kbp RNAs because many clones hybridized specifically with 
the 3.2 kb and the 3.2 kbp RNAs. Only RNA extracts from purified virus particles yielded in 
addition a 3.0 kb RNA which was apparently a degradation product of the 3.2 kb RNA. By means 
of ethidium bromide staining we detected sometimes a faint 5.8 kb band in ssRNA extracts from 
purified virus particles and a 5.6 kbp band in dsRNA extracts from infected leaves. None of our 
cDNA clones hybridized with this band and we do not know whether it represents a part of the 
viral genome. 

Introduction 

Beet soil-borne virus (BSBV) which was first described in England by Ivanovik and McFarlane 
(19821, lvanovik fi al., (1983) and Henry a A, (1986) resembles beet necrotic yellow vein virus 
IBNYW), the causal agent of sugarbeet rizomania, morphologically and in its association with 
Polymyxa betae. However, serological relationships have not been found between the two vi- 
ruses. BSBV is apparently widely spread in Europe (e.g. Verhoyen gt al., 1987; Lesemann and 
Koenig. 1988; Lindsten. 1989) and several serotypes have been described (Lesemann a A. 1989; 
Henry and Hutchinson. 1989). ,The serological differentiation index (SDI) is 4-5 for the serotypes 
'Ahlum' and 'Wierthe' from Germany. The Ahlum isolate is serologically closely related to the 
British BSBV isolate and the Swedish isolate 109-86 (Lesemann fi &, 1989). Very little is known 
about the RNA composition of' these viruses (Henry and Hutchinson. 1989). In this paper we de- 
scribe the electrophoretic patterns of ssRNAs and dsRNAs associated with the Ahlum isolate of 
BSBV and the preparation of cloned cDNAs. 

Materials and Methods 

The Ahlum isolate of BSBV was propagated on Chenopodium quinoa and was purified a s  de- 
scribed for BNYVV by Putz and Kuszala (1978). The methods for extracting ssRNA either from 
infected leaves or from purified virus particles (Burgermeister A, 1986) and dsRNA from in- 
fected leaves (Bar-Joseph & al.. 1983) and the electrophoretic separation of RNAs in agarose gels 
under nondenaturing or denaturing (60% formamidel conditions (Burgermeister A, 1986) have 
been described elsewhere. cDNAs were obtalned by random-primed reverse transcription of de- 
natured dsRNA from infected leaves and were cloned into the plasmid pT7T3 19U (Pharmacia). 

Results 

After electrophoresis in 60% formamide/l.2S% agarose gels ssRNA from purified virus particles 
yielded three major bands corresponding to 3.6 kb, 3.2 kb and 3.0 kb, respectively. and occasion- 
ally a very faint band corresponding to 5.8 kb. The sizes of these RNAs differed clearly from 
those of the ssRNAs extracted from healthy Chenopodium quinoa or from ssRNAs of purified 
BNYVV (Fig.1). Extracts of dsRNA from infected, but not from healthy Ch. quinoa yielded 2 
major bands corresponding to 3.6 kbp and 3.2 kbp in agarose gels under nondenaturing conditions; 
occasionally a minor band corresponding to 5.6 kbp was also seen (Fig. 2). There was no band 
corresponding to the 3.0 kb band in ssRNA from purified particles. 
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Fig. 1. Fig. 2. Fig. 3. 

Fig. 1. Electrophoretic separation of ssRNAs in 60% forrnamide/l.25% agarose gels. The bands 
were visualized by staining with ethidium bromide (5 pg/ml). Lane 1 - ssRNA extract from 
healthy Chenopodium quinoa, lane 2 - size markers: RNA from tobacco mosaic virus (6395 b). 
RNA 1, 2, 3 and 4 from brome mosaic virus (3234 b, 2865 b, 2114 b and 876 b, respectively), 
lane 3 - beet necrotic yellow vein virus RNAs 1 to  4 ( 6746 b, 4612 b, 1774 b and 1467 b, 
respectively) and partially deleted form of the RNA 3 of unknown size. lane 4 - RNAs from 
purified particles of the Ahlum isolate of beet soil-borne virus. 

Fig. ,2. Electrophoretic separation of marker dsDNAs (11501 bp. 5080 bp. 4575 bp. 4505 bp, 
2840 bp, 2454 bp, 2139 bp, 1986 bp and 1700 bp, respectively) on the left side and dsRNA from 
the Ch. quinoa leaves infected with the Ahlum isolate of beet soil-borne virus on the right side. 
The bands were visualized by staining with ethidium bromide (5 pg/ml). 

Fig. 3. Northern blot of ssRNAs from Ch. quinoa leaves infected with the Ahlum isolate of beet 
soil-borne virus (Ci) and from purified virus particles (PI after electrophoresis in 60% formamide/ 
1.25% agarose gels. Hybridization with clones 1 and 2, respectively (for explanation see text). 

Seventeen virus-RNA-specific and 42 host-RNA-specific cDNA clones were obtained when dena- 
tured dsRNA was used as a template for reverse transcription. When ssRNA from purified virus 
preparations was used as a template only host-RNA-specific cDNA clones were obtained although 
the RNA from purified virus had yielded an electrophoretic pattern which was very different 
from that of host RNA (Fig. 1). This suggests that small amounts of host RNA which probably 
had contaminated the virus RNA were much more efficiently transcribed than the virus RNA. 

The 17 virus-specific clones could be devided into two groups (Fig. 3). Clones 1 hybridized with 
the 3.2 kb and 3.0 kb ssRNA bands from purified virus, a 3.2 kb band in ssRNA extracts from 
infected leaves and (results not shown) a 3.2 kb band produced by denatured dsRNA. Clones 2 
in addition detected the 3.6 kb band in ssRNA extracts from infected leaves or purified virus 
(Fig. 3) and (result not shown) in denatured dsRNA. 

None of our clones hybridized with the 5.8 kb or the 5.6 kbp bands seen with ssRNA extracts 
from purified virus or dsRNA extracts from infected leaves. respectively. 

Length measurements of the virus particles yielded a strong peak between 150 and 210 nm. 



Table 1. Comparision of the size (kb) of the ssRNAs of some furoviruses 

a )  partially deleted forms may also occur 
b) not present in leaves which had been frozen in liquid nitrogen 

and were extracted before they were unfrozen 

1) this paper 
2) Bouzoubaa a A, 1985; 1986; 1987 
3) Scott fi &.. 1990; Kallender al.. 1990 
4) Shirako a al.. 1984 
5) Reddy a A. 1985 

Conclusions 

Our results suggest that a 3.6 k b  and a 3.2 kb ssRNA are part of the genome of the Ahlum 
isolate of BSBV. The fact that clones 2 hybridized with both RNAs indicates that the two RNAs 
have some common sequences as  it has been found with the RNAs of many viruses with poly- 
partite genomes. 

The 3.2 kb RNA Is apparently not a breakdown product or a subgenomic form of the 3.6 kb 
RNA, because clones 1 specifically hybridized with the 3.2 kb RNA. Only in purified virus we 
found another ssRNA of 3.0 kb which is apparently derived from the 3.2 kb RNA, because 
clones 1 which are specific for the 3.2 kb RNA also hybridized with the 3.0 kb RNA. We are 
presently checking in which stage of the purification procedure the conversion of the 3.2 kb 
RNA to the 3.0 kb RNA takes place. Possibly It occurs already In crude sap, because the 
ssRNAs in which the 3.0 kb band is missing are extracted from leaves which had been frozen 
in liquid nitrogen and were extracted with a buffedphenol mixture before unfreezing had taken 
place. 

Provided that the RNAs in BSBV are arranged In a similar way as in BNYW the expected size 
of the particles with 3.0 to 3.6 kb RNAs would be 170 to 205 nm which agrees well with the 
actual measurement of 150 to 210 nm. 

Since we did not obtain clones specific for the faint 5.6 to 5.8 kb band we d o  not know whether 
a RNA of this size also forms part of the viral genome. For all other furoviruses a large ssRNA 
of 5.9 to 6.9 kb has been reported to form part of the genome (Table 1). In case of the other 
furoviruses the large RNA forms a strongly staining band (see Fig. 1 for BNYW). It is evident 
from Table 1 that the RNA pattern of the Ahlum isolate of BSBV differs from that of all other 
furoviruses listed. Preliminary experiments suggest that it also differs from that of the Wierthe 
serotype of BSBV. A purified preparation of this virus yielded only two RNA bands of approxi- 
mately 3.0 and 2.8 kb. 
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Heterogeneity o f  c y t o l o g i c a l  e f f e c t s  produced by th ree  v i ruses  
assigned t o  t he  f u r o v i r u s  group. 

f 

D.-E. Lesemannl, Y i  L i l  and M. D o l l e t 2  

1) Bio logische Bundesanstalt  f u r  Land- und Fo rs tw i r t scha f t ,  I n s t i t u t  
f u r  Vi ruskrankhei ten der Pflanzen, Messeweg 11/12, 0-3300 Braun- 
schweig, FRG, 2) V i ro log ie ,  IRHO Vi ro logy  D i v i s i o n  o f  LPRC, CIRAD, 
B.P. 5035, F-34032 Mon tpe l l i e r ,  France. 

Summary 

The c y t o l o g i c a l  e f f e c t s  induced by beet n e c r o t i c  yel low ve in  
( BNYVV) , beet so i  1-borne ( BSBV ) , peanut c l  ump A f r i can  source 
(PCV-A) and peanut clump Ind ian  source (PCV-I) v i ruses  were 
compared. The th ree  v i ruses  d i f f e r e d  i n  t he  s t r u c t u r e  o f  t h e i r  
p a r t i c l e  aggregates, t he  occurrence and s t r u c t u r e  o f  membrane 
accumulations and/or t he  v e s i c u l a t i o n  o f  peroxisomes. I n d i v i d u a l  
i s o l a t e s  o f  a  v i r u s  may d i f f e r  i n  t he  c y t o l o g i c a l  e f f e c t s  
induced. 

I n t r o d u c t i o n  
The present  study was undertaken t o  o b t a i n  comparative in fo rmat ion  on 
the  c y t o l o g i c a l  a l t e r a t i o n s  induced by d i f f e r e n t  v i ruses  assigned as 
members o r  poss ib le  members t o  t he  f u r o v i r u s  group (Brown, 1989; Brunt  
and Richards, 1989 ; Lesemann e t  a1 . ,1989) i n  order t o  de f ine ,  whether 
there  might  be c y t o l o g i c a l  e f f e c t s  i n  common t o  a l l  members o f  t he  
group and a l so  whether e f f e c t s  s p e c i f i c  f o r  i n d i v i d u a l  v i ruses  e x i s t .  
Four i s o l a t e s  o f  BNYVV ( 89/1, 89/2, 89/4, Wierthe), t h ree  i s o l a t e s  o f  
BSBV (Ahlum, Wierthe and 86/109) , two i s o l a t e s  o f  PCV-A (Burk ina 
Faso, N iger )  and one i s o l a t e  o f  PCV-I (Ludhiana) were s tud ied  i n  
t i ssues from d i f f e r e n t  hos t  p l a n t s  embedded i n  Epon a t  t he  t ime o f  
opt imal symptom expression e i t h e r  from l o c a l  l es ions  o r  sys temica l ly  
i n fec ted  leaves ( BNYVV: Beta macrocarpa, Chenopodium quinoa and 
Tetragonia expansa; BSBV: C. quinoa; PCV-A: Arach i s  hypogaea, C. 
amaranticolor,  N i co t i ana  c leve land i  i, Tr i t i cum sp. ; PCV-I: N. 
c l e v e l a n d i i ) .  The BNYVV i s o l a t e s  89/1, 89/2 and 89/4 had no t  been 
passaged through C. quinoa, i s o l a t e  Wierthe was s tud ied  i n  t h i s  host .  

Resul ts  and Discussion 

I n  those cases were i n d i v i d u a l  i s o l a t e s  were s tud ied  i n  d i f f e r e n t  hos t  
p l a n t s  no q u a l i t a t i v e  d i f f e rences  o f  t he  c y t o l o g i c a l  e f f e c t s  were de- 
t ec ted  although q u a n t i t a t i v e  d i f f e rences  e.g. i n  amounts o f  v i r i o n  ag- 
gregates o r  o f  membrane accumulations were observed. Since the  embed- 
ded mater ia l  was n o t  se lec ted f o r  s tudy ing  the  development o f  cy to lo -  
g i c a l  a l t e r a t i o n s ,  on ly  q u a l i t a t i v e  aspects o f  t he  a l t e r a t i o n s  are 
decribed here (Table 1 ) .  

1 .  C e l l s  i n fec ted  w i t h  BNYVV i s o l a t e s  contained v i r i o n  aggregates o f  
two d i f f e r e n t  arrangements. The p a r t i c l e s  cou ld  e i t h e r  occur p a r a l l e l y  
aggregated i n  more o r  1  ess dense masses 1  i ke w i t h  many rod-shaped v i  - 
ruses (Francki  e t  a1. ,1985) (F ig .  1 )  o r  they could form angle l aye r  
aggregates (F ig .  2) as has a1 ready been described from BNYVV-infected 
c e l l s  (Tamada, 1975; Putz and Vui t tenez,  1980) and a l so  from s t r a i n s  
of tobacco mosaic v i r u s  (Francki  e t  a1 . ,  1985). The amount o f  t he  d i f -  
f e r e n t  aggregation types d i f f e r e d  w i t h  t he  i so la tes :  w i t h  89/1 on ly  
masses were found, w i t h  89/2 both types, w i t h  89/4 on l y  angle l aye r  
s t r u c t u r e s  and w i t h  Wierthe there  was no aggregation o f  p a r t i c l e s  



found, bu t  on ly  sca t te red p a r t i c l e s .  I s o l a t e  89/1 induced fo rmat ion  o f  
cytoplasmic c r y s t a l s ,  no t  bounded by a membrane (F ig .  1 )  and i s o l a t e s  
89/1 and Wierthe induced accumulations o f  endoplasmic re t i cu lum (ER) 
(Table 11, s i m i l a r  as described by Russo e t  a1.(1981). 

2. V i r i o n s  of BSBV i s o l a t e s  were c h a r a c t e r i s t i c a l  1 y aggregated i n  
smal l ,  dense bundles very much d i f f e r e n t  from the  aggregates o f  BNYVV 
(F ig .  3 ) .  Only w i t h  i s o l a t e  Wierthe some masses o f  p a r a l l e l y  arranged 
p a r t i c l e s  were found a d d i t i o n a l l y  t o  t h e  small  dense bundles. A1 1 BSBV 
i s o l a t e s  induced conspicuous ER-accumulations. I s o l a t e s  Ahlum and 
86/109 induced a l so  c r y s t a l l i n e  cytoplasmic i nc lus ions  and a d d i t i o -  
n a l l y  i s o l a t e  86/109 induced fo rmat ion  o f  electron-dense, branched, 
r o d - l i k e  cytoplasmic i nc lus ions  enclosed between p r o l i f e r a t e d  membra- 
nes(Tab1e 1 ) .  

3. The Ludhiana i s o l a t e  of PCV-I exc lus i ve l y  induced massive aggrega- 
t e s  o f  p a r a l l e l  p a r t i c l e s ( F i g .  4 )  whereas PCV-A Burk ina Faso induced 
mainly aggregates w i t h  ang le- layer - l i ke  arrangements(Fig.5),but a l s o  
some massive aggregates. With i s o l a t e  Niger ,  which contained on1 y low 
p a r t i c l e  concentrat ions i n  crude ex t rac ts ,  no aggregates have been de- 
tec ted  i n  u l t r a t h i n  sect ions.  A l l  t h ree  i s o l a t e s  induced the  format ion 
o f  conspicuous accumulations o f  ER which, especia l  1 y w i t h  i s o l a t e  
Burk ina Faso, a t t a i n e d  a we1 1 def ined rounded shape (F ig .  61, and 
which showed w i t h  a l l  t h ree  i s o l a t e s  a tendency o f  being surrounded by 
a pe r iphe ra l  ER element. The i s o l a t e s  o f  PCV a d d i t i o n a l l y  induced the  
format ion o f  small  ves i c les  a t  t he  per iphery  o f  peroxisomes which 
contained f i b r o u s  ma te r i a l  resembling ds-RNA. S im i l a r  ves i c les  have 
no t  been reported t o  be induced by any rod-shaped v i r u s ,  bu t  a re  known 
t o  be induced by tombusviruses i n  general and some o ther  i somet r ic  
v i ruses  ( f o r  review see Lesemann, 1988). 

Table 1. Cytological alterations observed with three furoviruses. 

Virus isolates VP-aggregates Cytoplasmic inclusions Membrane alterations 

large dense angle clystalline rodlike ER- Vesicles of 
masses bundles layer accumulation peroxisomes 

B N W  8911 + + + 
8912 + + 
8914 + 
Wierthe - + 

BSBV Ahlum + + + 
86-1 09 + + + + 
Wierthe + + + 

PCV-A 
Burkina Faso ' + + 
Niger 

PCV-I Ludhiana + + + 



I n  Table 1  the  observat ions are summarized and i t  i s  c l e a r l y  seen, 
t h a t  i n d i v i d u a l  i s o l a t e s  o f  one v i r u s  may d i f f e r  i n  t he  d e t a i l s  o f  t he  
c y t o l o g i c a l  a l t e r a t i o n s  induced. However, t he  p r i n c i p a l  a l t e r a t i o n s  
may be constant  w i t h  i n d i v i d u a l  i s o l a t e s .  Thus a l l  BSBV i s o l a t e s  had 
i n  common the  ra the r  unique small dense bundles o f  p a r t i c l e s ,  and a1 1  
PCV-isolates induced t h e  very s p e c i f i c  v e s i c u l a t i o n  o f  peroxisomes. 
W i th in  t he  group o f  f u r o v i  ruses the re  i s ,  on the  o the r  hand, much he- 
te rogene i ty  o f  c y t o l o g i c a l  e f f e c t s  between the  v i ruses  s tud ied  here 
and a l so  among the  o the r  members o f  t he  group (broad bean necrosis,  
hypochoeris mosaic, po ta to  mop top,  and s o i  1-borne wheat mosaic v i r u -  
ses) which have been s tud ied  i n  t h i s  respect  ( c i t a t i o n s  see Brunt  and 
Richards, 1989). The heterogenei ty  i s  much greater  i n  t he  f u r o v i r u s  
group than i n  many o the r  v i r u s  groups l i k e  tombus-, tymo-, cucumo-, 
and potyv i ruses,  which a l l  e x h i b i t  a t  l e a s t  the  p r i n c i p a l  e f f e c t s  i n  
common (Francki  e t  a1.,1985). 
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Figs. 1 - 7 .  U l t r a t h i n  sect ions o f  l e a f  parenchyma c e l l s  in fected  wi th  
furoviruses.  1. BNYVV i s o l a t e  89/1 i n  Tetragonia expansa, 2 .  BNYVV 
i s o l a t e  89/4 i n  Beta macrocarpa, 3 .  BSBV i s o l a t e  Wierthe i n  Chenopo- 
dium quinoa, 4 .  PCV-I i n  C. quinoa, 5 .  PCV-A i s o l a t e  Burkina Faso i n  
Tr i t icum s p . .  6 .  PCV-A i s o l a t e  Burkina Faso i n  Tr i t icum sp. .  7 .  PCV-I 
i n  Nicot iana c l e v e l a n d i i .  Bars = 500 nm. 



MOLECULAR TOOLS FOR THE STUDY OF BEET NECROTIC YELLOW VEIN VIRUS: 
INFECTIOUS TRANSCRIPTS AND ANTIBODIES DIRECTED AGAINST VIRAL NON- 
STRUCTURAL PROTEINS 

I. Jupin, U. ~ i e s b a c h - ~ l o s ~ e n l .  D. Gilmer, S. Chevalier, H. Guilley, G. Jonardmd K. Richards 
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Biologically active RNA molecules corresonding to each of the four beet necrotic yellow vein virus 
genome components have been synthesized in vitro from cloned full-length cDNA by run-off 
transcription with bacteriophage T7 RNA polymerase. The transcripts are being used to map functions 
on the genome by site-directed mutagenesis at the cDNA level. Sequence elements essential in cis for 
RNA 3 replication are situated within the 70 residues preceding the 3'poly(A) tail and within the 
S'terminal 300 residues. The poly(A) tail is essential for productive replication. So far, deletions or 
frameshifts in open reading frames (ORFs) 2, 3, 5, and 6 of RNA 2 have all been found to abolish 
infectivity when the transcripts are inoculated to leaves along with RNA 1. ORF 4 has not been tested. 
Mutants carrying in-frame deletions in the coat protein cistron were viable. Using antisera raised 
against fusion proteins expressed in transformed bacteria or synthetic peptides, expression in leaves of 
all the ORFs on RNAs 2, 3 and 4 except ORF 5 of RNA 2 has been detected. Specific internal 
deletions can occur rapidly and spontaneously in transcript-derived RNA 3 and 4 during multiplication 
in leaves when coinoculated with RNA 1 and 2. 

Introduction 

The aim of this paper is to review recent findings concerning genome structure and function of beet 
necrotic yellow vein virus (BNYVV). BNYVV, agent of sugar beet rhizomania, is a plus-strand RNA 
virus with a quadripartite genome (Brunt and Richards, 1989). The virus is transmitted by the 
soil-borne fungus Polymyxa betae Keskin. All four viral RNAs appear to play a role in the natural 
infection process, i.e. fungus-mediated transmission to beet roots and proliferation of the virus in root 
tissue. Only RNA 1 and 2 are required for infection of mechanically inoculated Chetwpodiwn quitwa 
or Terragonia expansa leaves (Koenig et al., 1986; Lemaire et al., 1988; Tamada and Abe, 1989). 
although the presence of RNA 3 has dramatic effects on the symptoms (Kuszala et al. 1986; Tamada et 
al., 1989). 

RNA 1 4 2 3 7 ~  A A A  , 
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- 2  3 s  

RNA 3 s u b A A A  

RNA 3 ---) ZSK RNA 4 

Figure 1. Genetic map of BNYVV RNA 1-4. Long ORFs are indicated by hollow rectangles. Arrows 
represent translation of the coat protein (CP) and the 75 kd readthrough translation product. The 
position of the suppressible amber termination codon is indicated by 'sup'. 



The genetic map of BNYW as determined by sequence analysis (Bouzoubaa et al., 1985, 1986, 1987) 
is presented in Figure 1. RNA 1 has a single long ORF with consensus sequences characteristic of a 
viral replicase. RNA 2 has six ORFs. ORF 1 is the viral coat protein. The amber codon terminating 
this cistron can undergo translational readthrough both in vitro (Ziegler et al., 1985) and in vivo 
(Niesbach-Klosgen et al., 1990) to produce a 75 kilodalton (kd, apparent Mr 85 kd) species with the 
coat protein at its N-terminus. P42 (ORF 3 on RNA 2) carries a nucleotide triphosphate binding fold 
(Gorbalenya et al., 1989) and P13 has two hydrophobic membrane-spanning domains (Morozov et al., 
1987). P42 and P13 have sequence homology with a pair of contiguous ORFs in barley stripe mosaic 
virus, potexviruses and carlaviruses (see Memelink et al., 1990, and references therein). BNYVV 
RNAs 3 and 4 each contain one long ORF. A nonencapsidated subgenomic RNA, termed RNA 3sub, 
corresponding to the 3'terminal approx. 545 residues of RNA 3, has also been observed (Fig. 1). 

Expression and subcellular localization of BNYVV proteins 

Antiserum specific for BNYVV coat protein (raised against purified virions) is readily available. 
Immunoreagents specific for viral nonsuuctural proteins predicted from the sequence were raised 
against portions of ORFs 3, 5 and 6 of RNA 2 and of the 25 kd and 31 kd ORFs of RNA 3 and 4 
fused in-frame to the N-terminal part of the bacteriophage h CI protein in a bacterial plasmid expression 
vector (Niesbach-KlBsgen et al., 1990). For RNA 2 ORFs 2 and 4, synthetic peptides were used to 
raise antisera. By means of the antisera all of the above viral gene products were detected in extracts of 
infected C. quinoa leaves except for P15 (ORF 5) of RNA 2 (Niesbach-Klijsgen et al., 1990). P42 and 
P13 copwified predominantly with the 30,000g pellet (membrane fraction) while coat protein and W5 
were found in all subcellular fractions (Fig. 2). The other species were predominantly in the 30,000g 
supernatant (cytosol). The presence of P13 in the membrane fraction is not surprising in view of its 
above mentioned hydrophobic character. This is not the case for P42, however, suggesting that its 
association with the membrane fraction may be indirect. Perhaps it is anchored to membranes by 
interaction with P 13. 

Figure 2. Subcellular localization of BNYW proteins six days after infection of leaves of C. quinoa. 

Infectious transcripts of BNYVV RNA 

We have employed purified bacteriophage T7 RNA polymerase to drive in vitro run-off transcription of 
BNYVV RNAs from full-length cDNA cloned behind a synthetic T7 polymerase promoter 
(Ziegler-Graff et al., 1988; Quillet et al., 1989). Mixtures of these transcripts are infectious to leaves 
provided that the RNA 1 and 2 transcripts are both present (Quillet et al., 1989). Using this system we 
have begun to map sequence signals important in cis for RNA 3 replication by introducing mutations at 
the cDNA level and monitoring the ability of transcripts canying the mutations to be amplified when 
inoculated to leaves with RNA land 2 to provide replication functions in trans. Such analysis has 
shown that all but the 5'terminal approx. 300 nt. and the 3'terminal approx. 70 nt. can be deleted 
without abolishing the ability of RNA 3 to replicate (Jupin et al., 1990a). The deleted region can be 



replaced by a foreign sequence, the P-glucuronidase (GUS) gene, and GUS expression can be detected 
in situ in infected leaves. The 3'terminal cis-essential domain of RNA 3 is highly homologous with the 
3' region of the other three BNYVV RNAs and the homologous domains can be folded into an 
identical secondary structure (Jupin et al., 1990a). This region probably corresponds to the promoter 
for (-)-strand RNA synthesis. The S'terminal sequences are not well conserved among the four 
BNYVV RNAs and all the elements essential for replication (i.e. sequences composing the (+)-strand 
promoter which are expected to map to this region) in the RNA 3 S'terminal cis-essential domain have 
not yet been located. Fine scale mapping of the S'terminal region, however, indicates that essential 
sequence boxes are separated by nonessential spacers and there are indications that secondary structure 
may be important (authors' unpublished observations). 

All four BNYVV RNAs carry a 3'poly(A) tail (Putz et a1.,1983). Removal of the tail from the RNA 3 
transcript greatly reduced but did not eliminate its biological activity (Jupin et al., 1990b). Successful 
infection events were accompanied by reappearance of the poly(A) tail indicating that the tail is essential 
for replication or stability of RNA 3. The newly acquired tail is separated from the 3'heteropolymeric 
portion of RNA 3 by a novel U-rich tract (ranging from lto 18 nt. in length in six clones examined), of 
unknown origin. In the case of transcripts containing U-rich tracts of 1 nt. and 6 nt. length the novel 
sequences were stably maintained in the descendence during two subsequent passages (Jupin et al., 
1990b). 

Site-directed mutagenesis studies have also been carried out on RNA 2 with the aim of determining if 
all of the ORFs on this RNA are essential for the infection process. Deletions or frameshift mutations 
in ORFs 2,3,5, and 6 abolished infectivity on leaves when transcripts carrying the modifications were 
coinoculated with RNA 1 (unpublished observations). RNA 1 alone gave no detectable infection on 
leaves. RNA 2 molecules bearing in-frame deletions (unpublished observations) or a single amino acid 
substitution in the coat protein cistron (Quillet et al., 1989) were viable but stable virions were not 
formed and long distance movement in a systemic host, spinach, was inhibited. 

. " 

Internal deletions in RNA 3 and 4 

When maintained by mechanical inoculation to leaves, RNA 3 and 4 of BNYW may undergo internal 
deletions or disappear entirely from the inoculum (Bouzoubaa et al., 1985; Kuszala et al. 1986; 
Burgemeister et at., 1986). This behavior is presumably due to the absence of selective pressure for 
retention of the small RNAs when virus is propagated in this way. The deletion process is remarkably 
specific, generally giving rise to only one or two abundant species for a given isolate rather than a 
'smear' of deleted forms. Thus there appear to be 'hot spots' in the sequence, distinct sites between 
which deletions take place, presumably by a copy-choice mechanism during replication. 

Using full-length transcripts of BNYVV isolate F3 as the original source of inoculum, we have 
observed that deletions in RNA 3 and 4 arise rapidly, appearing after only one or two passages on 
leaves (unpublished observations). In RNA 4 the major deletion event takes place between 15 nt. direct 
repeats in the full-length prototype sequence in such a way that the left-hand repeat is eliminated in the 
deleted form. No such repeats were present at the boundaries of the two abundant deleted forms of 
RNA 3 but, instead, the deletions occurred in a region predicted to have extensive secondary structure. 
It is possible that this secondary structure slows down the replicase and favors its dissociation from the 
template. Furthermore, the 5' and 3' boundaries of each deletion are juxtaposed in the predicted 
secondary structure, suggesting that proximity in space may be important in determining the loci 
between which deletions take place. It will now be possible to test such ideas by designing various 
altered forms of full-length RNA 3 and 4 and studying the consequences of the alterations on the 
deletion process. 
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SUMMARY 

Japanese field isolates of beet  necrotic yellow vein virus (BNYVV) contained RNA-1, 
RNA-2, RNA-3 and RNA-4, and some IsolateS, in addition, RNA-5. Fleld and laboratory 
isolates of BNYW with different RNA components were tes ted  by Inoculation using virus- 
carrying Polymyxa betae. The  eff 
(RNA-1+2+3+4+5) = S-34 (RNA-1+2+ 
(RNA-1+2+3+5) = S-3 (RNA-1+2+3) 
that  presence of RNA-4 increases 
with RNA-3 caused a massive proliferation of fine rootlets and typical foliage symptoms. 
In contrast ,  t he  o ther  isolates without RNA-3 caused no apparent symptoms in shoots 
and roots of sugar beet. In glasshouse tests,  a severe reduction in sugar content  and 
root weights was  caused by isolates with RNA-3, but not by those without RNA-3, although 
root weights decreased slightly. The  virus content  in taproots infected with isolates 
with RNA-3 was  about 10 t imes  greater  than tha t  with isolates without RNA-3. These 
results show tha t  B N Y W  RNA-3 not only increases the  spread of virus in root tissue, 
but also is necessary for rhizomania symptoms t o  develop in roots  and shoots of sugar 
beet, and tha t  i t  a f f ec t s  greatly a reduction in sugar content. 

INTRODUCTION 

Rhizomania "root madness" is  a severe  disease of sugar beet  caused by beet  necrotic 
yellow vein virus (BNYW) which is transmitted by t h e  soil-inhabiting fungus Polymyxa 
betae  (Tamada & Baba, 1973; Tamada, 1975). The  disease has now been distributed In - 
many sugar bee t  growing countries and is economically very important,  because i t  causes 
a severe  loss in root yield and sugar content. In naturally-infected sugar-beet plants; 
BNYVV is usually confined t o  roots of t he  plants, and t h e  symptoms of BNYVV infection 
a r e  characterized by a massive proliferation of the  lateral  rootlets of taproots and the  
other  abnormalities (Tamada, 1975). 

BNYVV virions a r e  rod-shaped and contain four o r  five RNA components, RNA-1 (7.1 kb), 
RNA-2 (4.8 kb), RNA-3 (1.85 kb) and RNA-4 (1.5 kb) (Richards e., 1985) and, in some 
isolates, RNA-5 (1.4 kb) (Tamada e., 1989). The  nucleotide sequence of this new RNA- 
5 had different homology t o  tha t  of RNA-3 o r  RNA-4, except  for 3' terminal (Kiguchi 
e t  al., 1989). The two larger RNA species a r e  needed for  virus infection, whereas the  
smaller ones behave like satell i tes in mechanically inoculated leaves of host plants (Bouzou- 
baa  e., 1985; Koenig e t  al., 1986; Tamada u., 1989). As t o  function of thesd 
smaller RNA species, i t  has been reported tha t  RNA-3 confers  a n  ability t o  intensify 
the  symptoms (Kuszala et al., 1986; Tamada e t  al., 19891, whereas RNA-4 is essential 
for efficient transmission by P. be tae  (Tamada & Abe, 1989). However, i t  is  unclear 
how these RNA species a f f ec t  t he  symptom expression in roots of sugar beet. In this 
paper, we describe the  e f f ec t  of virus isolates containing distinct smaller RNA species 
on symptom development, virus content  and sugar yield in roots of sugar beet,  and present 
evidence that  BNYVV RNA-3 determines the  development of rhizomania symptoms in 
roots of sugar beet. 

MATERIALS AND METHODS 

Virus isolates: The  following isolates o f  B N Y W  containing different combinations of RNA 
species were  used a s  Iaboratory isolates: isolate S (=field isolate, RNA-1+2+3+4+5), S-34 
(RNA-J+2+3+4), S-35 (RNA-J+2+3+5), S-45 (RNA-1+2+4+5), S-3 (RNA-1+2+3), S-4 (RNA- 
1+2+4), S-5 (RNA-1+2+5) and S-0 (RNA-1+2). These isoIates were  originally obtained 
by single-lesion transfers in N a g o n i a  expansa leaves inoculated mechanically (Tamada 
et al., 1989). Eighteen samples, derived from rootlets of sugar bee t  o r  soils collected 
from various areas  throughout Hokkaido, were also used a s  field isolates. 



Fungus inoculation: Acquisition and inoculation of B N Y W  isolates by P. be tae  were  
done a s  described by Tamada & Abe (1989). Dried rootlets containing resting spore clust- 
e r s  of P. be tae  were  used a s  inocula. Inoculation was  done by sowing sugar-beet seeds 
(cv. Monohill) on  quartz sand in special t e s t  tubes, t o  which a dilution series of inoculum 
was added. The  seedlings in the  t e s t  tubes were  supplied with nutrient solution every 
day and grown in a growth cabinet a t  25 C in 16 hr light a day (Tamada a., 1989). 

Detection of BNYVV: B N Y W  was  detected by ELISA, when necessary, by inoculation 
t o  T. expansa leaves. The  ELISA procedure was  conducted a s  described by Tamada & 
Abe (1989). The  virus content in root tissue was also es t imated by the  ELISA. 

Detection of B N Y W  RNA: BNYW RNA were  analysed by agarose gel electrophoresis 
a s  described by Tamada et. (1989). RNA was ext racted from the  virus particles purified 
from inoculated leaves of T. expansa o r  rootlets of  sugar-beet seedlings. Northern blot 
hybridization t e s t s  were  made by using digoxigenin-labbeled DNA probes specific t o  each 
of five RNA species (Saito a., 1990). 

Glasshouse ' tes ts :  Af ter  sugar-beet seedling$ inoculated by P. beta; were  grown in the  
growth cabinet for one t o  two months, they were  transplanted into clay pots containing 
steri l ized soils and grown in a glasshouse, which kept a t  a t  a mean temperature  of about 
2 3  CO. T. expansa and Beta  macrocarpa used a s  t e s t  plants were  grown in the  glasshouse. 

RESULTS 

RNA components and pathogenicity of field isolates of BNYVV: We tes ted  the  diversity 
of RNA components of 18 field isolates, which were  collected from single fields in differ- 
e n t  a reas  in Hokkaido. The  virus from each  sample was multiplied in T. expansa plants 
by inoculation with sap from rootlets of sugar-beet seedlings, which had been previously 
inoculated with P. betae. RNA components contained in these  field isolates were  analysed 
by agarose gel electrophoresis and Northern blot hybridization using cDNA probes specific 
t o  each of RNA-3, RNA-4 and RNA-5. The  results showed that,  out  of 18 field isolates 
tested,  eight isolates contained four RNA species (RNA-1+2+3+4), and the  o the r  t en  iso- 
la tes  contained f ive  RNA species (RNA-1+2+3+4+5). The re  was  no apparent difference 
between these  field isolates in the  s ize  of RNA-1, RNA-2, RNA-3, RNA-4 and RNA- 
5. Inoculation t e s t s  with P. betae  showed tha t  all t he  isolates caused rhizomania symp- 
toms in roots and shoots, although there  was slight difference between these isolates 
in the  severity of t he  symptom development. 

Symptoms of B N Y W  isolates in t e s t  plants: Table  1 shows symptom expression of virus 
isolates in t h e  two local and systemic host plants, which were  inoculated mechanically. 
Isolates with RNA-3 caused bright yellow lesions in inoculated leaves of T. expansa, where- 
a s  isolates without RNA-3 caused chlorotic lesions. However, isolate S-45 with both o f  
RNA-4 and RNA-5 induced severe  chlorotic (yellow) lesions, although S-4 (RNA-4) o r  
S-5 (RNA-5) caused only chlorotic lesions, indicating tha t  synergistic e f f ec t  occurs 
between smaller RNA species (Tamada e., 1989). In Beta  macrocarpa, Isolates with 
RNA-3 caused systemic severe  stunting and mosaic. Isolates with RNA-5 l a t e r  produced 
sys temic  mild mot t l e  in some plants, but S-4 o r  S-0 did not become systemic. This sug- 
ges ts  t ha t  isolates with RNA-5 may b e  more virulent than those with RNA-4. 

Table I. Effect of BNYVV isolates on symptom expression and transmlsslon efflclency of P. betae 

Symptoms In Proliferatlon In 
RNA Inoculated leaves In systemically Infected flclency rootlets of sugar 

Isolate component of T. expansa leaves of beet seedlings 
B. macrocarpa Or inoculated by P. betae 

S 1+2+3+4+5 Yellow spots Stunt, mosalc +++++ ++ + 
S-34 1+2+3+4 Yellow spots Stunt, mosalc +++++ + 
S-35 1+2+3+5 Yellow spots Stunt, mosalc ++ + 

Yellow spots Stunt, mosalc ++ 
+5 Yellow spots 

+ 
(Mild mottle) ++++ 

Chlorotlc spots 0 ++ + 
5-5 1+2+5 Chlorotlc spots (Mlld mottle) + 

Falnt chlo. spots 0 + 

+ 0, not Infected; parentheses Indicate symptoms produced, occasionally. 
H +, less; +++++, much 



Transmission efficiency of B N Y W  isolates by P. betae: Tamada & Abe (1989) reported 
that  $4 was  transmitted by P. betae  about 100 t imes  more efficiently than S-3 and 
about 1000 t imes  more efficiently than S-0. Results of further transmission t e s t s  a r e  
shown in Table  1. These results indicate tha t  presence of RNA-4 increases t h e  frequency 
of the  fungus transmission, and if RNA-3 o r  RNA-5 is present, virus transmission by 
t h e  fungus is much more frequent. 

Rootlet  proliferation induced by B N W V  isolates: Forty days a f t e r  inoculation, a massive 
proliferation of rootlets of sugar-beet seedlings was caused by S-34 and S 3 ,  but not 
by S-4 and S-O (Table 2). T h e  virus concentration in rootlets t o  whlch S-3 was  transmitted 
was  almost similar t o  that  in rootlets t o  which S-4 was transmitted (Table 2). Two months 
later,  the  amount of rootlets Infected wlth S-3 was  about 1.5 t o  2.0 fold g rea te r  than 
tha t  of rootlets with S-4 or with virus-free P. betae,  which were  simllar. Virus-free 
P. be tae  caused a brown colour (slight necrosis) in rootlets of sugar-beet seedllngs, . a s  
well a s  inoculated with S-4. In such a case,  numerous resting spore clusters were  found 
in most of epidermal cells of r o o t l e t s  Fur ther  tes ts  using other  Isolates showed tha t  
RNA-5 is not associated with rootlet  proliferation (Table I). These results indicate tha t  
proliferation of rootlets, a typical symptom of rhizomania, is  caused by isolates with 
RNA-3, but not by any isolates without RNA-3. Such an increase of fine rootlets is 
not always correlated with the  virus concentration in root tissue. 

Table 2. Effect of BNYW Isolates on the vlrus content and 
proliferation of rootlets of sugar-beet seedllngs 

Virus isolate Virus content Proliferation 
(RNA component) In rootlets of rootlets 

S-34 ( 1 +2+3+4) 1 5 / 1 5 *  2 8 0 -  + 
S-3 (1+2+3) 15/15 98 + 
S-4 (1+2+4) 30/30 109 
S-0 (1+2) 12/30 6 
Virus-free P. betae 0/15 0 

* Virus infection was checked by ELlSA a t  40 days a l te r  inoculation. 
Numerator Is number of seedlings In which the vlms was detected, 
denomlnator is number Inoculated. 

** Flgure Is expressed as pg virus/one g fresh root tissue. 

Effect  of BNYVV isolates on sugar yield: Table  3 shows the  results of the  glasshouse tests.  
Isolate $3 caused typical foliage symptoms of rhizomania, such a s  yellowing, elongation 
of  petioles, wilting and stunting. Isolate S-34 showed much more severe  symptoms, follow- 
ed  in many plants by systemic yellow vein. In contrast ,  Isolate S-4 o r  S O  did not cause  
any symptoms in shoots of sugar beet. Root weights were  reduced greatly by infection 
of S-34 o r  S 3 ,  and slightly by S-4 o r  S-0. However, i t  is  interesting tha t  infection of 
S-4 o r  S-0 had no e f f ec t  on sugar content,  whereas S-3 o r  S-34 reduced greatly the  
sugar content. T h e  virus content  in taproots infected with S-3 o r  '$34 was  about 10 
t imes greater  than tha t  infected with S-4 o r  SO. Thus, BNYVV RNA-3 greatly a f f ec t s  
sugar yield of sugar beet, and also t h e  e f f ec t  of isolate with both of RNA-3 and RNA-4, 
a kind of field isolates, is  much greater. 

Table 3. Effect of BNYVV lsolates on symptoms, sugar yleld and vlrus content in 
roots of sugar-beet plants grown In the glasshouse * 

Vlrus content In parts of 
Virus Isolate Root Sugar 
(RNA component) Symptoms weight content tlp of centre of  taproots taproots 

S-34 ( 1 +2+3+4) + 6.6 g 2.3 % 29.8 w 5.7 3.0 
S-3 (1+2+3) + 16.1 8.2 13.0 4.4 1.5 
S-4 (1+2+4) 34.0 14.8 3.6 0.3 0.3 
S-0 (1+2) 35.2 14.6 1.4 0.3 0.1 
Virus-free P. betae - 38.9 15.0 0 0 
Not Inoculated 42.1 14.9 0 0 

* Forty days after grown In the growth cabinet, the sugar-beet seedlings were 
grown in the glasshouse for 3 months. 

** Flgure Is expressed as ) ~ g  vlrus/one g fresh root tlssue. 



CONCLUSIONS 

In this paper, w e  have provided evidence that  t he  presence of BNYW RNA-3 is necessary 
for rhizomania symptoms t o  develop in roots of sugar beet,  indicating tha t  RNA-3 is 
strongly associated with abnormal proliferation of fine rootlets. Our results also showed 
that  RNA-3 increases the  spread of virus In root systems. However, t he  higher virus 
content  in rootlets is  not always correlated with such a proliferatlon, because although 
isolates with RNA-4 showed the  high virus content  In rootlets a t  t he  young s t age  of 
sugar-beet seedlings, they did not cause  any proliferation of rootlets. I t  is  of particular 
interest  tha t  isolates without RNA-3 had no e f f ec t  on sugar content of sugar-beet roots. 
Similar results were  also obtained from field experiments (T. Tamada and others, unpub- 
lished data),  indicating that  B N Y W  RNA-3 a f fec t s  greatly a reduction of  sugar yield. 

In a previous paper (Tamada & Abe, 1989). w e  have shown tha t  RNA-4 is essential for  
efficlent transmission by P. betae. This indicates tha t  RNA-4, unlike RNA-3, plays o ther  
important roles in virus spread. In this paper, moreover, w e  suggest t ha t  RNA-5, which 
is commonly present in fields in Hokkaido, may assist t he  transmission efficiency together 
with RNA-4, o r  may assist t h e  virus spread in root tissue, but thls RNA-5 Is not assoclat- 
ed  with rootlet  proliferation. 

Thus, w e  conclude tha t  BNYW RNA-3 contains t h e  genetic determinant for development 
of rhizomania symptoms, whereas RNA-4 contains t h e  main genetic determinant for effi- 
ciency of fungus transmission. Therefore, isolates containing a combination of RNA-3 
and RNA-4, and probably RNA-5, a r e  very stable t o  survive In nature  (Koenig u., 
1986; Tamada e., 1989). 
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Summary 

Conditions for infection of Chenopodium quinoa mesophyll protoplasts with beet necrotic yellow vein 
virus RNA or synthetic transcripts have been established. Polyethylene glycol treatment was used to 
render the protoplasts competent for uptake of the inoculum. After a latent period during which excess 
input RNA was degraded, net accumulation of viral RNA could be detected by Northern hybridization 
24 hr post-inoculation and continued until at least 48 hr. Newly synthesized viral coat protein could 
also be detected by Western blot analysis of extracted proteins. Beet necrotic yellow vein virus RNA 3, 
provided as a transcript, was also replicated if RNA 1 and 2 were included in the inoculum. . 

Introduction 

Use of leaf mesophyll protoplasts as host in infection experiments with a virus such as beet necrdtic 
yellow vein virus (BNYVV) provides a convenient means of obtaining synchrony of infection and of 
investigating the replication cycle at the single cell level without complicating secondary factors such as 
cell-to-cell movement of the virus, host defense reactions etc. With this in mind we have established 
conditions for reproducible infection of Chenopodium quinoa protoplasts with BNYVV. Since our 
ultimate intention is to infect such protoplasts with synthetic transcripts containing various engineered 
modifications of the genome and to study the consequences on the viral replication cycle we have 
concentrated on procedures employing RNA rather than virions as inoculum. 

Materials and Methods 

Plant material, protoplast preparation and inoculation 

The sugarbeet cell suspension culture, a gift from J. Kallerhoff, Biosem, and the procedure for 
protoplast isolation from cultured cells was essentially as described elsewhere (Kallerhoff et al., 1990) 
with minor modifications. Mesophyll protoplasts were isolated from lacerated leaves of 4 week old 
sugarbeets (Beta vulgaris var. Monosvalof) or C. quinoa by treatment with cellulase and macerozyrne 
as will be described elsewhere (Bouzoubaa et al., to be published). 

BNYVV isolate F13 and the transcript-derived series of Stras BNYVV isolates have already been 
described (Ziegler et al., 1985, Quillet et al., 1989). Procedures for synthesis of bacteriophage T7 
RNA polymerase run-off transcripts are given by Ziegler-Graff et al., 1988, and Quillet et al., 1989. 
Protoplasts were inoculated with BNYVV RNA or transcripts by the polyethylene glycol (PEG) 
method as described by Maule et al., 1980, with minor modifications. Culture medium for infected 
protoplasts from the beet cell suspension culture were as in Kallerhoff et al., 1990. The infected beet 
and C. quinoa protoplasts were maintained in 0.2 rnM KH2P04, 1 mM_ KNO , 1 mM_ MgS04,5 
CaC12, 1 p M  KI, 10 n&-l CuSO4, 0.6 &-l D-mannitol and 1% sucrose, ~ 2 5 . 6 .  under continuous 
diffuse lighting at a temperature of 25'. 



Detection of viral RNA and protein 

Coat protein and P85 readthrough protein were detected on Western blots of total protoplast protein as 
described by Quillet et al., 1989, using antisera (a gift of 0. Lemaire, INRA, Colmar, France) raised 
against purified virions. RNA was extracted from protoplasts as described by Weiland and Dreher, 
1989. Detection of viral RNA was by Northern hybridization using 32~-labelled antisense viral RNA 
transcripts as probes (Lemaire et al., 1988). 

Results and Discussion 

Choice of plant material 

In preliminary experiments protoplasts from three sources were evaluated as to their suitability in 
infectivity studies: a beet cell suspension culture, beet leaves and C. quinoa leaves. The yield of 
protoplasts per gram starting material with the suspension culture was superior to that obtained from 
leaves but, with the protoplasts from the cultured cells, the percentage of infected protoplasts (using the 
PEG infection procedure described in Methods to inoculate the protoplasts and irnrnunofluorescence 
(Otsuki and Takebe, 1969) to monitor infection) was only 30-40% while infections ranging from 60% 
to >80% were routinely achieved with protoplasts from leaves (data not shown). Furthermore, 
production of viral coat protein was readily detected in protein extracts of leaf protoplasts on Western 
blots but was much less abundant in extracts of the protoplasts from suspension cultures (data not 
shown). Consequently, experiments with the beet cell suspension culture were discontinued. 

Newly synthesized viral RNA was detectable in infected protoplasts by Northern hybridization (see 
below) 24 hr. post-inoculation (pi) and accumulated in comparable amounts in the protoplasts from 
beet and C. quinoa leaves. The viral RNA from the beet protoplasts, however, was reproducibly more 
extensively degraded than that of the C. quinoa protoplasts (data not shown). It remains to be seen if 
this degradation takes place in vivo or during RNA extraction but its preferential occurrence with the 
beet protoplasts led us to concentrate our further efforts on the C. quinoa system. 

~ & e  course of infection 

With C. quinoa protoplasts and the PEG infection protocol we have investigated the time course of 
appearance of viral RNAs during infection. In these experiments, the excess input RNA was generally 
degraded during the first approx. 5 hr pi; newly synthesized viral RNA was visible by 20 hr pi and 
was abundant by 40 hr (Fig. lA, lanes 5 and 6). RNA synthesis undoubtedly continues beyond this 
point but protoplast death can become a significant problem. About the same kinetics were observed 
whether or not RNA 3 and 4 were present in the inoculum (data not shown). 

Infection with synthetic transcripts 

In the first experiments, protoplasts were coinoculated with natural RNA 1 and 2 and a 5'-capped 
run-off transcript corresponding to full-length RNA 3 (Ziegler-Graff et al., 1988). The transcript, t35, 
contains a single supplementary G residue at its S'terminus and 12 nonviral residues following the 
3'poly(A) tail. When inoculated alone to protoplasts t35 was not detectably replicated and the input 
RNA was totally degraded 48 hr pi (Fig. lB, lane 5). When RNAs 1 and 2 were included in the 
inoculum to provide trans-acting replication functions, however, multiplication of RNA 3 occurred 
readily (Fig. lB, lane 6) indicating that, as in transcript-infected leaves (Ziegler-Graff et al., 1988), the 
extra residues at the transcript extremities do not greatly interfere with its replication. We assume that 
the nonviral sequences are eliminated in the course of replication as has been shown to be the case 
when BNYVV transcripts are inoculated to leaves (Ziegler-Graff et al., 1988; Jupin et al., 1990). 

In contrast to the situation with the RNA 3 transcript, infection of protoplasts with transcripts of RNA 
1 and 2 has proven to be unexpectedly difficult. This appears to be due to the fact that the specific 
infectivity of the RNA l/2 transcript mix is about tenfold lower than that of the corresponding natural 



Figure 1. Detection by Northern hybridization of BNYVV RNAs in C. quinoa mesophyll protoplasts 
inoculated with viral RNA or viral RNA plus synthetic transcript. (A) Time course of infection with 
RNA of BNYVV isolate Stras 12 (contains only RNA 1 and 2; Quillet e t  al., 1989). The samples 
consisted of uninfected protoplasts (lane 2) or infected protoplasts collected 1 hr (lane 3), 5hr (lane 4), 
20 hr (lane 5) or 40 hr (lane 6) pi. RNA extracted from 20,000 protoplasts was loaded in each lane. 
Lane 1 contains viral RNA (BNYW isolate F13) to provide length standards. (B) Inoculation with the 
RNA 3 transcript t35. Samples were uninfected protoplasts (lane 2). protoplasts infected with RNA of 
BNYVV isolate Stras 12 collected 1 hr (lane 3) and 48 hr (lane 4) pi, protoplasts inoculated with t35 
alone (lane 5) or with Stras 12 RNA plus t35 (lane 6) collected 48 hr pi. Lane 1 as in lane 1 of Fig. 1A. 

RNAs (authors' unpublished observations), presumably because of incomplete capping andlor the 
aforesaid nonviral sequences at the transcript extremities (Quillet et al., 1989). Apparently, the 
biological activity of the RNA 1 and 2 transcripts is more sensitive to such factors .than is RNA 3.A 
similar situation holds for brome mosaic virus where the biological activities of the RNA 1 and 2 
transepts, both of which encode proteins involved in replication, are particularly sensitive to terminal 
modifications (Ahlquist e t  al., 1987). By increasing the amount of BNYVV RNA 1 and 2 transcripts in 
the inoculum we hope to be able to overcome this concentration effect and obtain infection. 
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Summary 

Plasmids containing the full length cDNA sequences of beet necrotic 
yellow vein virus (BNYW) RNA 3 and 4 under the control of the cauli- 
flower mosaic virus 35s promotor and.polyadenylation signal were rubbed 
on the leaves of Chenopodium quinoa and Tetragonia expansa together with 
a BNYW isolate (Rg 1) which contained only RNA 1 and 2. The appearance 
of RNA 3 and 4 in the progeny virus suggests that the cDNA sequences were 
transcribed in the plants and that the viral replicase which is provided 
by the Rg 1 isolate of BNYW led to the production of large amounts of 
RNA 3 or 4, respectively. RNA 4 was replicated from transcripts which 
contained 40 additional nonviral nucleotides on the 5' end. With RNA 3, 
however, replication was observed only when the number of nonviral 5' 
nucleotides was reduced from 40 to 25. The original transcripts must have 
contained several hundred 3' nonviral nucleotides plus an extra poly(A) 
tail which were apparently lost during replication, because the sizes 
of the progeny RNA 3 or 4 resembled those of natural RNA 3 or 4. 

Introduction 

Infectious in vitro transcripts of viral cDNA clones have proved to be 
indispensible tools for the functional analysis of viral genomes and for 
the generation of gene expression vectors from viruses (e.g. Ahlquist et 
al., 1987). For the four RNAs of beet necrotic yellow vein virus (BNYW), 
the causal agent of sugarbeet rizomania, infectious in vitro transcripts 
have been obtained by Ziegler-Graff et al. (1988), Quillet et al. (1989) 
and Jupin et al. (1990). We have investigated in this study whether viral 
cDNA sequences can be transcribed directly in plants when they are inser- 
ted in plasmids which contain the cauliflower mosaic virus 35s promotor 
and polyadenylation signal and whether the transcripts can serve as 
templates for further replication. The cDNA sequences used were full 
length copies of BNYW RNA 3 or 4. Because RNA 3 and 4 alone are not 
infectious in plants, the plasmids were applied to the plants together 
with a BNYW isolate (Rg 1) containing only RNA 1 and 2 which are essen- 
tial for viral replication. For comparison we have also prepared in vitro 
transcripts of BNYW RNA 3 or 4. They were readily infectious although 
the transcript for RNA 4 contained more nonviral nucleotide sequences be- 
hind the poly(A) tail than those described by Ziegler-Graff et a1.(1988). 

Materials and Methods 

For in vitro transcription the full length cDNA sequences of BNYW RNA 
3 and 4 were subcloned into plasmid pGEM3ZF(+) (Promega) where they are 
under the control of the bacteriophage SP6 promotor. The resulting plas- 
mids were named pGB533 and pGB543 for BNYW RNA 3 and 4, respectively. 
In vitro transcripts were capped as described by Ziegler-Graff et al. 
(1988). 
For in vivo transcription the full length cDNA sequences were subcloned 

into plasmid pRT103 which contains the cauliflower mosaic virus 35s pro- 
motor and polyadenylation signal (Toepfer et al., 1987). The resulting 
plasmids were named pTB533 and pTBX533 for RNA 3 and pTB543 for RNA 4. 
The in vitro and in vivo transcripts contain various numbers of addi- 

tional nucleotides on the 5' and 3' ends of the virus RNA sequences 
which are outlined in Fig. 1. 
In vitro transcripts (1-2 pg/leaf) were rubbed on leaves of Chenopodium 

quinoa or Tetragonia expansa together with total RNA extracts from leaves 
infected with the Regensburg 1 (Rg 1) isolate of BNYW which was first 



RNA 4 
----- 

in vitro SP6 transcript I 
from plasmid pGB543 I 

I 
in vivo transcript I 
from plasmid pTB543 1 

I 
~ ~ G ~ ~ ~ A C C U C - ~ ~ ~ O - A G C W A A A U C A - - - - - - /  /------ AARAA- (C)m-AUC-nt277-AAAUC- (A) n 

<- nt 40 -> <- nt 285+m+n -> 

RNA 3 ----- 
in vitro SP6 transcript I 
from plasmid pGB533 I 

I 
m7GpppGAAUACUCAAGCUUARAAUU------/ /------AAAAAGACUCUAG 

<- nt 14 -> I <-nt 8-> 
I 

in vivo transcript I 
from plasmid pTB533 I 

I 
m7GpppACCUCG-nt28-CAGCUUAAAAW-----/ /------ AWGAC-nt232-AAAUC- (A) n 

<- nt 40 -> I <- nt 240+n -> 
I 

in vivo transcript I 
from plasmid pTBX533 1 

I 
m7GpppACCUCG-ntl3-CAGCUUAAAAUU------/ /------ AAAAAGAC-nt262-ARAUC-(A)n 

<- nt 25 -> <- nt 270+n -> 

Fig. 1. Structure at the 5' and 3' termini of natural BNYW RNAs 3 
and 4 and of the in vitro and in vivo transcripts. 

described by Burgermeister et al. (1986). This isolate lacked RNA 3 
and 4 which have not reappeared during 5 years of continuous passages 
on C. quinoa or T. expansa. Plasmids (2.5 gg/leaf) were rubbed on the 
leaves of test plants together with intact virions of the Rg 1 isolate. 
The inoculation medium consisted of 0.05 M phosphate buffer pH 7.2 con- 
taining 1 to 5% bentonite. One to two weeks after inoculation the leaves 
were harvested and the total RNA was extracted either directly or the sap 
of the leaves was rubbed on fresh leaves of either C. quinoa or T. ex- 
pansa and RNA extractions were made after the second passage. The last 
procedure was usually preferred because we anticipated that in the first 
passage transcripts may have been available to the virus only in a few 
lesions. However, in the second passage progeny RNA 3 and 4 should be 
more generally available and propagated to high concentrations in all 
lesions. 
RNA extractions and Northern blot hybridizations with cDNA probes spe- 

cific for RNA 3 and 4 were done as described by Burgermeister et al. 
(1986) . 
Results 

The results of our experiments are summarized in Table 1. No infectivity 
was observed with the plasmids of the pGB series which do not contain a 
plant specific promotor and polyadenylation signal. The RNA transcripts 
obtained from these plasmids, however, were infectious. This was already 
suggested by the different color of the local lesions which was especial- 
ly spectacular with RNA 3 transcripts and by the appearance of a high 
proportion of smaller virus particles in electron micrographs (results 
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Table 1 

Infectivity tests withethe transcripts and plasmids described in Fig. 1 
and BNnrv isolate Rg 1 which contains only RNA 1 and 2 .  

........................................................................ 
RNA 4 Composition Color of Detection of RNA 4 

of inoculum local lesions in Northern blot ........................... hybridizations 
~g 1 transcript or plasmid 

-________________-_----------------------------------------------------- 

+ - pale green no 
+ pGB543 pale green no 
+ transcript of pGB543 greenish/yellowish yes 
+ pTB543 greenish/yellowish yes 
- pTB543 - not 
+ pRT103 pale green not 

RNA 3 Composition Color of Detection of RNA 3 
of inoculum local lesions in Northern blot ........................... hybridizations 

Rg 1 transcript or plasmid ........................................................................ 
+ - pale green no 
+ pGB533 pale green no 
+ transcript of pGB533 bright yellow yes 
+ pTB533 pale green no 
+ pTBX533 bright yellow yes 
+ pRT103 pale green no# 

* whole virus in experiments with plasmids, RNA extracts in experiments 
with transcripts 

# tested after first passage, all others were tested after second 
passage 

Experiments with individual plasmids or transcripts were repeated up 
to four times on either Chenopodium quinoa or Tetragonia expansa with 
identical results. 

not shown). The final proof that RNA 3 or 4 were present in the progeny 
virus was obtained in Northern blot hybridizations with cDNA probes spe- 
cific for RNA 3 or 4. 
Plasmid pTB543 which in addition to the RNA 4 cDNA sequence contains 

the cauliflower mosaic virus 35s promotor and polyadenylation signal was 
obviously transcribed in vivo and the transcript had served as a template 
for the production of large amounts of RNA 4 in the progeny virus (Tab- 
le 1). This was observed in all four experiments with C. quinoa or T. 
expansa. The progeny RNA 4 had a similar size as natural RNA 4 (Fig. 2) 
although the original transcript must have had a large number of addi- 
tional nonviral nucleotides especially at the 3' end (Fig. 1). 
Plasmid pTB533 which is basicly similar to pTB543 except that it con- 

tains the cDNA sequence of RNA 3 rather than RNA 4 was not infectious 
in our experiments. Since it is known that the infectivity of in vitro 
transcripts may decrease with increasing numbers of nonviral 5' nucleo- 
tides (Ahlquist et al., 1987; Ziegler-Graff et al., 1988), we have pre- 
pared another vector construct pTBX533 which would yield a transcript 
with only 25 rather than 40 nonviral 5' nucleotides (Fig. 1). This plas- 
mid, indeed, readily gave rise to RNA 3 formation. As in the case of 
RNA 4 the progeny FWA 3 had about the same size as natural FWA 3 and 
apparently lacked the large number of additional nonviral nucleotides 
on the 3' end. 

Discussion 

Our results confirm earlier observations by Ahlquist et al. (1987) and 
Ziegler-Graff et al. (1988) that virus cDNA-containing plasmids which do 
not possess a plant specific promotor do not give rise to infections in 
plants. An exceptional case has been reported by Dore and Pinck (1988). 



F i g .  2.  Northern b l o t  a n a l y s i s  o f  RNA e x t r a c t s  
from l e a v e s  which had been i n f e c t e d  w i t h  t h e  
progeny v i r u s  o b t a i n e d  from p l a n t s  t o  which 
v a r i o u s  combinations of  v i r u s ,  t r a n s c r i p t s  o r  
p lasmids  had been a p p l i e d .  A cDNA c l o n e  s p e c i -  
f i c  f o r  RNA 4 was used a s  a  probe.  

1 and 2 - BNYW i s o l a t e  Rg 1 + pTB543, r e s u l t s  
of  two d i f f e r e n t  exper iments  

3  - BNYW i s o l a t e  Rg 1 + pGB543 
4  - BNYW i s o l a t e  Rg 1 
5  - B N Y W  i s o l a t e  w i t h  f u l l  l e n g t h  RNA 3  and 4  
6 - BNYW i s o l a t e  Rg 1 + t r a n s c r i p t s  of  pGB543 

However, when we p l a c e d  t h e  v i r u s  cDNA sequences under t h e  c o n t r o l  of  
t h e  c a u l i f l o w e r  mosaic v i r u s  35s promotor and po lyadeny la t ion  s i g n a l  
which a r e  p r e s e n t  i n  pRT103 (Toepfer e t  a l . ,  1987) i n f e c t i o n s  were 
r e a d i l y  o b t a i n e d  p rov ided  t h a t  t h e  5' n o n v i r a l  n u c l e o t i d e  sequences i n  
t h e  t r a n s c r i p t s  which a r e  produced i n  t h e  p l a n t s  a r e  n o t  t o o  long .  The 
number of  5' n o n v i r a l  n u c l e o t i d e s  which can be t o l e r a t e d  a p p a r e n t l y  d i f -  
f e r s  w i t h  d i f f e r e n t  RNAs. With RNA 4  40 n o n v i r a l  5' n u c l e o t i d e s  w e r e  t o -  
l e r a t e d ,  b u t  w i t h  RNA 3  t h e i r  number had t o  be reduced t o  25. The number 
of n o n v i r a l  n u c l e o t i d e s  which can be t o l e r a t e d  on t h e  3' end is  much 
l a r g e r  and can amount t o  s e v e r a l  hundred. These n o n v i r a l  3' n u c l e o t i d e s ,  
however, a r e  a p p a r e n t l y  a t  l e a s t  i n  p a r t  l o s t  dur ing  r e p l i c a t i o n ,  be- 
cause  t h e  RNAs 3  and 4  produced i n  t h e  progeny v i r u s  had t h e  s i z e s  of 
n a t u r a l  RNAs 3  and 4  and n o t  t h o s e  which would b e  expected when t h e  
whole t r a n s c r i p t s  were r e p l i c a t e d .  S i m i l a r  o b s e r v a t i o n s  were r e p o r t e d  
by Dore and Pinck (1988) . 
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Summary 

The somatic cell hybridization technique is discussed and some 
modifications are suggested to improve the efficiency of monoclonal 
antibody production. MAbs against Beet necrotic yellow vein virus 
were obtained and evaluated in ELISA as second antibodies or 
conjugates. The situation of rizomania in Italy was investigated using 
polyclonal and monoclonal antibodies. 

Introduction 

Since 1975, when Kohler and Milstein first developed it, . the 
monoclonal antibody (MAb) production technique has undergone 
continuous improvement. The working stages carried out to produce 
MAbs can be summed up as follows: antigen preparation, animal 
immunization, fusion technique, hybridoma selection, cloning method, 
production of purified antibodies, conjugation and testing of MAbs. 
We report some comments on these stages and indicate further 
solutions to improve the production of MAbs. Some applications of MAbs 
are reported. 

Production and selection of monoclonal antibodies 

The animals normally used to produce monoclonal antibodies are Balb/c 
mice, although using animals of different strains it was possible to 
obtain antibodies with increased variability. 
The myeloma X63 Ag 8.653 line proved to be less sensitive than the PA1 
or Sp2/0 line to the problems of in vitro growth and more effective 
in the fusions. Other lines with further improved myeloma have 
recently been developed: among these, NP2 demonstrates excellent 
characteristics. 
The antigen preparation and preservation stage already has a certain 
effect on its integrity and antigenicity. The antigen can also be 
treated so as to reduce or eliminate the effect of contaminating 
substances. To do this, it is possible to act directly on the antigen 
to be injected or on the animal which will be immunized. In the first 
case, the normal plant components can be absorbed in an affinity 
column by means of antisera or with a mixture of specific monoclonal 
antibodies against normal plant components. In the second case, it is 
possible to use the mechanism of immunological tolerance induced in 
the animals to be injected (Hsu et al., 1990) . 
Particular substances, commonly called adjuvants, can be added to the 
antigen, or mixtures of several antigens can be used (Halk et al., 
1984). In an experience concerning the production of monoclonal 
antibodies against Potato leaf roll virus, we mixed PLRV with alfalfa 
mosaic virus. In this trial, the total number of specific clones 
versus PLRV was notably higher than in the previous fusions, in which 
PLRV was used alone. 
Another system which results in a greater stimulus in the animal, 
consists of inserting in the peritoneum pieces of nitrocellulose to 
which the antigen is bound. A granuloma forms around the 
nitrocellulose, consisting of an accumulation of cells which are 
immunocompetent against the antigen bound to the support. If this 



tissue is used for the fusion, there will be a greater probability of 
obtaining monoclonal antibodies directed against the antigen used. 
The immunization protocol is very important for a good result of the 
cellular fusion. In our trials we chose long-term immunization, uslng 
the traditional Freund Adjuvant. 
The terminal stage of immunization is certainly the most decisive 
since it is the last injections which give the animal the stimulus to 
produce that particular population of lymphocytes which, once fused 
with the myeloma cells, will give rise to secreting hybridomas. We 
normally administer the last injections of antigen 4 days and 1 day 
before the fusion, without using adjuvants and preferably 
intravenously. 
The fusion method we used is Fazekas de St Groth and Sheidegger's 
(1980). A other sophisticated fusion system consists of binding, at 
the time of fusion biotin to myeloma cells and avidin to the antigen. 
The two bound substances have a high affinity and favour the binding 
of sensitized antigen to treated myeloma and also the activated spleen 
cells interact with the antigen. 
The good result of a cellular fusion also depends on the treatment of 
theXplates on which the cells are distributed. We compared fusion 
plates with and without a feeder layer of mouse macrophages or with 
growth factors in the medium. The number of antibody-secreting clones 
obtained was highest when lo4 macrophages were used in each well of a 
24-well plate. 
The antigen can also be bound to the plates in order to sensitize the 
lymphocytes in vitro. 
Normally, single colonies of hybridomas can be detected in the plate 
wells 10 days after fusion. In order to limit the possibility of 
losing particularly interesting clones, we adopted the system of 
isolating the cells directly from the fusion plates. With a 
micromanipulator obtained from a pasteur pipette drawn out in the 
flame, it is possible to isolate a few cells from individual clusters. 
In this way, right from the initial stages it is possible to work with 
more or less monoclonal lines and also to test a good number of clones 
representi'ng the variability of the hybridomas produced. Moreover, by 
avoiding the limit dilution, lines which survive with difficulty or 
grow slowly when the cells are highly diluted are no longer lost. In a 
single fusion of BNYVV, in which five 24-well plates were used, 292 
hybridomas were isolated and tested (Grassi et al., 1988). 
In the first stages of selection it is essential to have a rapid and 
efficient test to identify the secreting clones. We used the triple 
antibody sandwich version of ELISA where the antigen was bound by a 
polyclonal antibody (A1 Moudallal et al., 1984). The secreting 
hybridomas were cloned twice and characterized according to class and 
subclass. The production of reasonable quantities of antibodies is 
obtained by multiplying the cells in the peritoneum. 
To purify the anti BNYVV monoclonal antibodies from ascitic fluid, we 
use the method of affinity purification with Sepharose-Protein A. 

Monoclonal antibody applications. 

The purified IgGs of two monoclonal antibodies were used in ELISA 
both as a second antibody and as a coating. In both cases they made it 
possible to improve the sensitivity of the test. When they were used 
as a coating at a concentration of 0.5 - 1 pg/ml, they improved the 
accuracy of the estimation of viral concentration in the infected 
plant juice as compared with polyclonal antibodies. This permitted us 
to establish new methods of selecting sugar beet for resistance to 
BNYW (Grassi et al., 1989) . 
The IgGs of MAb 47 (IgGzb) were conjugated with the alkaline 
phosphatase enzyme and with biotin. The reactivity of the two 
conjugates was evaluated in ELISA using two different polyclonal 



antibodies and one monoclonal antibody (MAb 41) as a coating. We found 
that the MAbs used in TAS-ELISA made the test more sensitive than DAS- 
ELISA in which the monoclonal antibody conjugated with alkaline 
phosphatase was used (fig. 1). 
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MAb 47 conjugated with biotin, in preliminary trials, showed some 
problems of unspecific enzyme binding. The conjugation problems of 
MAbs have already been reported by other authors (Martin, 1987); Some 
suggest adopting other methods of conjugation or using bifunctional 
binding reagents. In our opinion the loss of reactivity due to the 
conjugation with enzymes may also be linked to the IgG subclass. In 
three cases, where the conjugated IgGs belonged to IgGzb Or IgGza 
subclasses, a marked loss of reactivity was noted while a MAb of 
conjugated IgGl subclass remained highly reactive. 

Monoclonal antibodies were used in research during a five-year project 
financed by the Ministry of Agriculture. Every year, in some 40 
different places in Italy, some sugar beet varieties have been 
evaluated. A preliminary evaluation was carried out to verify the 
presence of B N Y W  in the fields through ELISA analysis of bait plants 
grown in soil samples. On the basis of the analysis results, soils 
were chosen for the trails. At harvest time sugar beet tip samples Of 
the susceptible (Kawegigamono) and the resistant variety (Rizor) were 
analyzed in turn . In the course of these years, approximately 300 
samples from various regions were checked for the presence Of B N Y W  
using polyclonal and monoclonal antibodies in ELISA. 
Most of the soil samples were also checked for the presence of the 
fungal vector of BNYW, Polymyxa betae. This fungus and the virus was 
widespread in almost all the beet-growing areas, including some parts 
of Sardinia and southern Italy (fig. 2). The percentage of infected 
fields was quite variable over the years (about 15-30%). Our samplings 
were not based on random collection but, they depended on fields which 
each researcher had available. Sometimes soils with some previous 
signs of the disease were also chosen. 
The results on the degree of infection of the individual fields and 
the yield losses are interesting. The number of beet roots of the 
susceptible cv. affected by B N Y W  rarely reached high percentages. It 
was observed that there was a significant difference in sugar yield 
between susceptible and resistant cultivars only when the number of 
infected roots exceeded the value of about 15% (fig. 3). 

Conclusions 

The MAbs production technique is in continuous evolution and up until 



now there have been many methods of obtaining MAbs against plant 
viruses. However the results of this work are stronger conditioned by 
many variable factors such as the response of the animal immunized, 
the condition of cells at the moment of the fusion and the 
manipulation of cells. Probably other factors play an important role 
in the production of MAbs and all these variables may determine 
differences between MAbs obtained in different laboratories. 
The MAbs against BNYVV permitted us to study more precisely the 
reaction of sugar beet to BNYVV infection and to improve the methods 
of selection for resistance. ~t the same time MAbs increased the 
sensitivity of serological assays which make it possible to perform a 
reliable survey of BNYVV in Italy. We can now conclude that rizomania 
is present in almost all the Italian areas where sugar beet is grown. 
However the percentage of infected fields and the level of infection 
are not very high: in fact the productivity of resistant sugar beet 
varieties has been satisfactory in almost all the Italian regions 
(Biancardi et al., 1990) . 
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ANTIGENIC ANALYSIS OF BEET NECROTIC YELLOW V E I N  VIRUS BY MEANS 
OF MONOCLONAL ANTIBODIES 
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W .  ~ u r g e r m e i s t e r l ,  G. ~ r a s s i ~ ,  M. ~ l r i c ~ ,  J .  ~ a l l e r h o f f ~  a n d  A. S c h o t s  5  

1 )  B i o l o g i s c h e  B u n d e s a n s t a l t  f u r  L a n d -  u n d  F o r s t w i r t s c h a f t ,  Messeweg  11, 
0 - 3 3 0 0  B r a u n s c h w e i g ,  G e r m a n y ,  2 )  MAFF H a r p e n d e n  L a b o r a t o r y ,  H a t c h i n g  
G r e e n ,  H a r p e n d e n ,  UK, p r e s e n t  a d d r e s s :  SCRI ,  I n v e r g o w r i e ,  D u n d e e ,  UK, 
3 )  I s t i t u t o  S p e r i m e n t a l e  p e r  l e  C o l t u r e  I n d u s t r i a l i ,  R o v i g o ,  I t a l y ,  
4 )  L a b o r a t o i r e  d e  B i o l o g i e  C e l l u l a i r e  e t  M o l & c u l a i r e ,  A u b i e r e ,  F r a n c e ,  
5 )  L a b o r a t o r y  f o r  M o n o c l o n a l  A n t i b o d i e s ,  W a g e n i n g e n ,  T h e  N e t h e r l a n d s .  

Summary 

F i v e  e p i t o p e s  w e r e  i d e n t i f i e d  o n  t h e  p a r t i c l e s  o f  b e e t  n e c r o t i c  y e l l o w  
v e i n  v i r u s  b y  means o f  m o n o c l o n a l  a n t i b o d i e s .  E p i t o p e  1 i s  l o c a t e d  o n  
o n e  e x t r e m i t y  o f  t h e  p a r t i c l e s  a n d  e p i t o p e s  2 a n d  3  o n  t h e  o p p o s i t e  
o n e .  E p i t o p e s  4  a n d  5 o c c u r  a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e  p a r t i c l e s .  
O n l y  e p i t o p e s  3 a n d  4  a r e  d e n a t u r a t i o n - r e s i s t a n t  ( S D S - s t a b l e ) .  E p i t o p e  
4 o c c u r s  o n  t h e  e x p o s e d  C - t e r m i n u s  o f  t h e  p r o t e i n  c h a i n  ( a a  1 8 3 - 1 8 8 )  
w h i c h  i s  r e m o v e d  when t h e  p a r t i c l e s  a r e  t r e a t e d  w i t h  t r y p s i n .  E p i t o p e  3 
o c c u r s  o n  t h e  N - t e r m i n a l  p a r t  o f  t h e  p r o t e i n  c h a i n  ( a a  1 - 1 0 3 ) ,  b u t  
p r o b a b l y  n o t  o n  t h e  N - t e r m i n u s  i t s e l f .  I t i s  n o t  r e m o v e d  when t h e  
p a r t i c l e s  a r e  t r e a t e d  w i t h  t r y p s i n .  

I n t r o d u c t i o n  . , 

T o r r a n c e  e t  a l .  ( 1 9 8 8 )  d e s c r i b e d  t h e  p r e p a r a t i o n  o f  f o u r  m o n o c l o n a l  
a n t i b o d i e s  (MAbs )  w h i c h  r e a d i l y  d e t e c t e d  b e e t  n e c r o t i c  y e l l o w  v e i n  
v i r u s  (BNYVV) i n  s a p  f r o m  i n f e c t e d  C h e n o p o d i u m  q u i n o a  i n  a n  i n d i r e c t  
E L I S A  o n  p l a t e s  w h i c h  h a d  b e e n  c o a t e d  w i t h  p o l y c l o n a l  a n t i b o d i e s .  I n  
t h e  i m m u n o e l e c t r o n  m i c r o s c o p i c a l  d e c o r a t i o n  t e s t ,  h o w e v e r ,  o n l y  t w o  
o f  t h e s e  MAbs (MAFF 6  a n d  7 )  f o r m e d  a  d e n s e  c o a t  a r o u n d  t h e  p a r t i c l e s ,  
w h e r e a s  t h e  o t h e r  t w o  (MAFF 8  a n d  9 )  a p p a r e n t l y  d i d  n o t  r e a c t .  F u r t h e r  
s t u d i e s  u s i n g  t h e  i m m u n o g o l d  t e c h n i q u e  r e v e a l e d  t h a t  t h e  l a t t e r  t w o  
MAbs w e r e  a l s o  b o u n d  t o  t h e  p a r t i c l e s ,  b u t  n o t  a l o n g  t h e  e n t i r e  l e n g t h ,  
b u t  o n l y  a t  o n e  e x t r e m i t y  ( L e s e m a n n  e t  a l . ,  1 9 9 0 ) .  T h i s  p r o m p t e d  u s  t o  
d o  a  m o r e  c o m p r e h e n s i v e  s t u d y  o n  t h e  a n t i b o d y  b i n d i n g  s i t e s  o n  BNYVV 
p a r t i c l e s  w i t h  MAbs f r o m  d i f f e r e n t  l a b o r a t o r i e s .  

M a t e r i a l s  a n d  M e t h o d s  

MAbs w e r e  p r e p a r e d  b y  T o r r a n c e  e t  a l .  ( 1 9 8 8 )  i n  E n g l a n d ,  Boonekamp 
a l .  ( 1 9 8 8 )  i n  H o l l a n d ,  G r a s s i  e t  a l .  ( 1 9 8 8 )  i n  I t a l y  a n d  M. A l r i c  a n d  - 
J. K a l l e r h o f f  ( u n p u b l i s h e d )  i n  F r a n c e .  D e t a i l s  o f  t h e  t r e a t m e n t  o f  
BNYVV p a r t i c l e s  w i t h  t r y p s i n  ( K o e n i g  e t  a l . ,  1 9 9 0 )  o r  S D S - c o n t a i n i n g  
b u f f e r  ( L a e m m l i  a n d  F a v r e ,  1 9 7 3 ) ,  o f  t h e  p r e p a r a t i o n  o f  c r o - l a c I - l a c Z  
f u s i o n  p r o t e i n s  ( K o c k e n  e t  a l . ,  1 9 8 8 ;  K o e n i g  e t  a l . ,  1 9 9 0 ) ,  o f  t h e  d o t  
b l o t  a n d  W e s t e r n  b l o t t i n g  t e c h n i q u e s  ( B u r g e r m e i s t e r  a n d  K o e n i g ,  1 9 8 4 )  
a n d  t h e  i m m u n o g o l d  t e c h n i q u e  ( L e s e m a n n  e t  a l . ,  1 9 9 0 )  w e r e  d e s c r i b e d  
e l s e w h e r e .  

R e s u l t s  a n d  D i s c u s s i o n  

MAbs w h i c h  d e c o r a t e d  t h e  p a r t i c l e s  o n l y  o n  o n e  e x t r e m i t y  w e r e  o b t a i n e d  
i n  E n g l a n d  (MAFF 8 a n d  MAFF 9 ) ,  H o l l a n d  ( 6 D 8 )  a n d  I t a l y  ( 4 1 ,  4 7 ) .  M i x -  
t u r e s  o f  t h e  D u t c h  a n d  t h e  I t a l i a n  MAbs o r  o f  t h e  t w o  E n g l i s h  MAbs a l s o  
y i e l d e d  p a r t i c l e s  w h i c h  w e r e  l a b e l l e d  o n l y  a t  o n e  e x t r e m i t y .  H o w e v e r ,  
when t h e  D u t c h  o r  t h e  I t a l i a n  MAbs w e r e  m i x e d  w i t h  t h e  E n g l i s h , M A b s  



many p a r t i c l e s  w e r e  f o u n d  w h i c h  c a r r i e d  t h e  g o l d  l a b l e  o n  b o t h  e x t r e -  
m i t i e s .  T h i s  s u g g e s t s  t h a t  t h e  e p i t o p e ( s )  f o r  w h i c h  t h e  E n g l i s h  MAbs 
MAFF 8  o r  9  a r e  s p e c i f i c  ( e p i t o p e  1 i n  F i g .  1 )  a n d  t h e  e p i t o p e s  f o r  
w h i c h  t h e  D u t c h  MAb 6 0 8  ( e p i t o p e  2 i n  F i g .  1 )  o r  t h e  I t a l i a n  MAbs 4 1  
a n d  4 7  ( e p i t o p e  3  i n  F i g .  1 )  a r e  s p e c i f i c  o c c u r  o n  t h e  o p p o s i t e  e x t r e -  
m i t i e s  o f  t h e  v i r u s  p a r t i c l e s .  

coat protein ton aa 104-188, 

- - 1 probabl aa 183-~88) on 

j - - m4 
F i g .  1. Schematic 

3 2 
ton aa 1-103. probabl 

10 the reglon of aa 40-68, 
r e p r e s e n t a t i o n  o f  t h e  
l o c a t i o n  o f  ep i t opes  

0 S D S - S ~ ~ ~ I ~   PI tope 1-5 on a  p a r t i c l e  of 

M S D S - I ~ ~ I I ~  epi tope BNYVV 

E p i t o p e s  1 a n d  2  w e r e  d e s t r o y e d  when t h e  p a r t i c l e s  w e r e  e i t h e r  t r e a t e d  
w i t h  t r y p s i n  o r  w e r e  b o i l e d  i n  S D S - c o n t a i n i n g  b u f f e r .  E p i t o p e  3 ,  h o w e v e r ,  
was r e s i s t a n t  t o  t h e s e  t r e a t m e n t s .  I t  was r e a d i l y  d e t e c t e d  b y  means  o f  
W e s t e r n  b l o t t i n g  o n  t h e  c o a t  p r o t e i n  i s o l a t e d  f r o m  BNYVV p a r t i c l e s  
( F i g .  3 )  o r  o n  f u s i o n  p r o t e i n s  c o n t a i n i n g  a m i n o  a c i d  ( a a )  1 - 1 0 3  o f  BNYVV 
c o a t  p r o t e i n  ( F i g .  2 ) .  

A t  l e a s t  t w o  e p i t o p e s  ( e p i t o p e s  4 a n d  5  i n  F i g .  1 )  w e r e  d e t e c t e d  a l o n g  
t h e  e n t i r e  l e n g t h  o f  t h e  p a r t i c l e s .  E p i t o p e  4 was S D S - s t a b l e ,  e p i t o p e  
5 S D S - l a b i l e .  E p i t o p e  4  i s  a p p a r e n t l y  s t r o n g l y  i m m u n o g e n i c ,  b e c a u s e  
MAbs s p e c i f i c  f o r  t h i s  e p i t o p e  w e r e  o b t a i n e d  i n  E n g l a n d ,  H o l l a n d  a n d  
F r a n c e .  I n  W e s t e r n  b l o t t i n g  e p i t o p e  4 was r e a d i l y  d e t e c t e d  o n  t h e  
f u s i o n  p r o t e i n  c o n t a i n i n g  a a  1 0 4 - 1 8 8  o f  BNYVV c o a t  p r o t e i n  ( F i g .  2 ) .  

A f t e r  t r e a t m e n t  w i t h  t r y p s i n  BNYVV p a r t i c l e s  w e r e  s t i l l  v i s i b l e  i n  t h e  
e l e c t r o n  m i c r o s c o p e ,  b u t  b i n d i n g  o f  a n t i b o d i e s  s p e c i f i c  f o r  e p i t o p e  4  
was n o  l o n g e r  o b s e r v e d .  I n  W e s t e r n  b l o t s ,  u n t r e a t e d  BNYVV p r e p a r a t i o n s  
y i e l d e d  o n l y  o n e  c o a t  p r o t e i n ,  w h e r e a s  p r e p a r a t i o n s  t r e a t e d  w i t h  t r y p -  
s i n  y i e l d e d  t w o  s l i g h t l y  s m a l l e r  p r o t e i n s  ( F i g .  3 ) .  I t  was e s t i m a t e d  
t h a t  t h e s e  t w o  s m a l l e r  p r o t e i n s  l a c k e d  a b o u t  5  a n d  1 0 - 1 5  a a ,  r e s p e c -  
t i v e l y .  P o l y c l o n a l  a n t i s e r a  a n d  MAbs s p e c i f i c  f o r  e p i t o p e  3  r e a d i l y  
d e t e c t e d  t h e  u n d e g r a d e d  a s  w e l l  a s  t h e  p a r t i a l l y  d e g r a d e d  p r o t e i n s .  
MAbs s p e c i f i c  f o r  e p i t o p e  4 ,  h o w e v e r ,  r e a c t e d  o n l y  w i t h  t h e  u n d e g r a d e d  
p r o t e i n  s u g g e s t i n g  t h a t  t r y p s i n  t r e a t m e n t  h a d  r e m o v e d  e p i t o p e  4  f r o m  t h e  
v e r y  C - t e r m i n u s  o f  t h e  c o a t  p r o t e i n  c h a i n .  F r o m  t h e  d a t a  o f  B o u z o u b a a  5 
a l .  ( 1 9 8 6 )  i t  i s  k n o w n  t h a t  t h e r e  i s  a  t r y p s i n  c l e a v a g e  s i t e  o n  t h e  c a r -  - 
b o x y l  s i d e  o f  t h e  a r g i n i n e  a t  p o s i t i o n  1 8 2 .  T h u s ,  e p i t o p e  4  i s  a p p a r e n t -  
l y  l o c a t e d  o n  t h e  e x p o s e d  C - t e r m i n u s  c o m p r i s i n g  a a  1 8 3 - 1 8 8  ( F i g .  1 ) .  



F i g .  2  R e a c t i v i t y  o r  l a c k  o f  r e a c t i v i t y  
o f  v a r i o u s  monoclonal  o r  p o l y c l o n a l  an- 
t i b o d i e s  (Ab) on Western b l o t s  w i t h  
f u s i o n  p r o t e i n s  c o n t a i n i n g  e i t h e r  a a  
1-103 o r  104-188 o f  BNYVV c o a t  p r o t e i n .  
a )  MAFF 8 ,  b)  6 0 8 ,  c )  4 1 ,  d )  4 7 ,  
e )  MAFF 6 ,  f )  MAFF 7 ,  g )  3H12, h)  4 F l 1 ,  
i )  8 6 6 ,  j )  17G2, k) 1 5 ,  1 )  3 7 9 ,  m) 400 ,  
n )  p o l y c l o n a l  Ab t o  BNYVV, o )  poly-  
c l o n a l  Ab t o  B - g a l a c t o s i d a s e .  

F i g .  3 I n f l u e n c e  o f  BNYVV t r e a t m e n t  w i t h  
t r y p s i n  on t h e  s i z e  and r e a c t i v i t y  o f  t h e  
c o a t  p r o t e i n  w i t h  p o l y c l o n a l  Ab ( a ) ,  MAb 
4 1  which is s p e c i f i c  f o r  e p i t o p e  3 ( b )  and 
MAbs MAFF 6  ( c ) ,  806 ( d )  and 3H12 ( e )  which 
a r e  s p e c i f i c  f o r  e p i t o p e  4 .  Lanes T r y  t 
p a r t i c l e s  t r e a t e d  w i t h  t r y p s i n ,  l a n e s  
T r y  - u n t r e a t e d  c o n t r o l s  

An e x p o s e d  C t e r m i n u s  h a s  a l s o  b e e n  r e p o r t e d  f o r  o t h e r  e l o n g a t e d  p l a n t  
v i r u s e s  s u c h  a s  t o b a c c o  m o s a i c  v i r u s  (TMV) ( B l o o m e r  e t  a l . ,  1 9 7 8 ) ,  p o -  
t a t o  v i r u s  X ( K o e n i g  e t  a l . ,  1 9 7 8 ;  S a w y e r  e t  a l . ,  1 9 8 7 )  a n d  p o t y v i r u s e s  
( A l l i s o n  e t  a l . ,  1 9 8 5 ;  S h u k l a  e t  a l . ,  1988).ese v i r u s e s  a l s o  h a v e  a n  
e x p o s e d  N t e r m i n u s  w h i c h  i n  t h e  c a s e  o f  PVX ( K o e n i g  a n d  T o r r a n c e ,  1 9 8 6 ;  
S o b e r  e t  a l . ,  1 9 8 8 )  a n d  p o t y v i r u s e s  ( A l l i s o n  e t  a l . ,  1 9 8 5 ;  S h u k l a  e t  
a l . ,  1 9 8 8 )  i s  s t r o n g l y  i m m u n o g e n i c .  S o  f a r  we h a v e  o b t a i n e d  n o  e v i G n c e  
f o r  a n  e x p o s e d  a n d  i m m u n o g e n i c  N t e r m i n u s  o n  t h e  p r o t e i n  s u b u n i t s  o f  
BNYVV. E p i t o p e  3  w h i c h  i s  e x p o s e d  o n l y  o n  o n e  e x t r e m i t y  o f  t h e  p a r t i c l e s  
a n d  w h i c h  i s  n o t  r e m o v e d  w h e n  t h e  p a r t i c l e s  a r e  t r e a t e d  w i t h  t r y p s i n  
h a s  now b e e n  l o c a t e d  a r o u n d  t h e  r e g i o n  o f  a a  4 0  t o  6 0  ( C o m m a n d e u r  
a l . ,  1 9 9 0 ,  p .  o f  t h i s  v o l u m e ) .  We c a n n o t  e x c l u d e ,  h o w e v e r ,  t h e  p o s s i -  - 
b i l i t y  t h a t  t h e  S D S - l a b i l e  e p i t o p e  5  w h i c h  i s  s e n s i t i v e  t o  t r e a t m e n t  
w i t h  t r y p s i n  a n d  i s  e x p o s e d  a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e  p a r t i c l e s ,  
i n v o l v e s  t h e  N t e r m i n u s  o f  t h e  c o a t  p r o t e i n  c h a i n .  

T h e  s u s c e p t i b i l i t y  o f  t h e  e x p o s e d  e p i t o p e  4  t o  t r y p s i n  a n d  a l s o  t o  
p r o t e o l y t i c  e n z y m e s  i n  p l a n t  s a p  ( K o e n i g  e t  a l . ,  1 9 9 0 )  may b e  t h e  r e a -  
s o n  f o r  t h e  o b s e r v e d  f a i l u r e  o f  MAbs MAFF 6  a n d  7  t o  d e t e c t  BNYVV i n  
l o w  c o n c e n t r a t i o n s  i n  e x t r a c t s  f r o m  s u g a r b e e t  r o o t s  ( T o r r a n c e  e t  a l . ,  
1 9 8 8 ) .  

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  s t u d i e s  p r e s e n t e d  h e r e  h a s  b e e n  g i v e n  by  
L e s e m a n n  e t  a l .  ( 1 9 9 0 )  a n d  K o e n i g  e t  a l .  ( 1 9 9 0 ) .  

T h i s  work was p a r t l y  s u p p o r t e d  by t h e  Deutsche  Forschungsgemeinschaf t  ( G r a n t  KO 518/ 
10-1  and  10-2) and t h e  Gemeinschaf t  z u r  Forderung  d e r  p r i v a t e n  d e u t s c h e n  l a n d w i r t -  
s c h a f t l i c h e n  P f l a n z e n z u c h t u n g  e.V. (BMFT g r a n t  A 1 3 / 8 6  ZK). 
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Summary 
. , 

In order to map the positions of the antigenic determinants on the amino acid (aa) sequence of the beet 
necrotic yellow vein virus (BNYVV) coat protein (cp), deleted forms of the cp gene were expressed as 
R-galactosidase (8-gal) fusion proteins (fp) in E.coli. With a panel of monoclonal antibodies (MAbs) and 
polyclonal antibodies (PAbs) we were able to determine the approximate position of three SDS-stable 
epitopes. One epitope (previously named epitope 7) was located between (aa) 37-59, another one 
(previously named epitope 4) between aa 176-188 and a third one (now named epitope 6) between aa 
116-140. All epitopes reacted with PAbs. However, MAbs were obtained so far only for epitopes 3 and 4. 
We found only a very limited correlation between the antigenic and nonantigenic regions defined in this 
study and the computer-predicted antigenicity of BNYVV cp regions. . 

Introduction 

In previous studies (for review see preceeding paper by Koenig et al., 1990) we were able to define five 
different epitopes on the particles of BNYVV using the electron microscopical immunogold technique, 
ELISA and Western blotting. Epitopes 1,2 and 5 were found to be SDS-labile, whereas epitope 3 and 4. 
were SDS-stable. By means of Western blotting epitopes 3 and 4 were located on E.coli expressed fps 
containing aa 1-103 or aa 104-188 of BNYVV cp, respectively. 
In this paper we describe the results of a more refined mapping for epitopes 3 and 4 using fps with 
shorter BNYVV cp sequences, and the detection of a third SDS-stable epitope (epitope 6) for which so 
far no MAbs are available. 

Materials and Methods 

MAbs were prepared by the authors listed under 2-5 in the heading of this paper. A set of deletion clones 
was prepared from the cp gene of BNYVV (Fig. 1). The truncated forms of the cp were expressed as fps 
with N-terminal parts of different length of R-gal using the plasmid pEX and its derivatives (Kocken et 
al., 1988). Plasmids with the initials pEV contain a 8-gal fragment producing a 45K fusion part, whereas 
pEC plasmids yield a 37K fusion part. Recombinants were screened on the basis of the size of the inserts 
and of the expressed fps and were checked by restriction analysis. Culture of the bacteria, induction of 
expression and fp purification was essentially done as described by Kocken er al. (1988). Western 
blotting was done as described by Burgermeister and Koenig (1984). 

! Results 
L 

The portion of the BNYVV cp aa sequence contairied in individual fps and the respective regions on the 
BNYVV cp gene cDNA are outlined in Fig. 1. As expected all fps reacted with PAbs to 8-gal, however, 

I considerable differences were found in their reactivity with PAbs to BNYVV particles (Fig. I and 2). The 
fp containing aa 1-43 of the BNYVV cp (derived from pEVN-ASty) failed to react with PAbs to BNYVV 

r particles, whereas the fps containing aa 1-59 and 1-103 (derived from pEV-NAAva and pEV-N) strongly 
tolW--.2-%i-.., 

%%'~ 
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reacted with these PAbs (Fig. 1 and 2). The latter two fps also strongly reacted with MAbs specific for 
epitope 3, but the fp containing aa 1-43 failed to do so. 
The fp containing aa 104-1 15 (derived from pEV-CANsi) also failed to react with PAbs to BNYVV 
particles, but the fps containing aa 104-140, 104-165, 104-188 (derived from pEV-CAEco, -AAva, -ANco 
and pEV-C, respectively) strongly reacted with BNYVV PAbs (Fig. 1 and 2). A reactivity with MAbs 
specific for epitope 4 was seen, however, only with fps containing aa 104-188 (Fig. 1). These results 
suggested that at least three SDS-stable epitopes occur on the BNYVV cp aa sequence, i.e. one on aa 43- 
59 which by means of the respective MAbs was identified as epitope 3, a second one on aa 115-140 for 
which so far no MAbs are available and a third one on aa 176-188 which was identified by means of the 
respective MAbs to be epitope 4. 
As a next step we prepared a fp which contained aa 1-59 and aa 176-188, i.e. the putative epitopes 3 and 
4 and the region preceeding epitope 3 on the N-terminal side. This fp reacted well with PAbs to BNYVV 
and MAbs specific for epitopes 3 and 4 (Fig. 1). We have also prepared fps containing only the putative 
aa sequences for epitopes 3 (aa 43-59) and epitope 4 (aa 176-1 88) (Fig. 1). The latter reacted well with 
MAbs specific for epitope 4, but surprisingly the former showed only a very weak reaction with MAbs 
specific for epitope 3 (Fig. 1 and 3). Since the fps containing either aa 1-57 or 1-57 + 176-188 had 
reacted well with MAbs specific for epitope 3 we investigated the possibility whether a few additional aa 
on the N-terminal side of aa 43-59 which in the fp containing aa 1-43 were not reactive could 
nevertheless form part of epitope 3. This seemed to be indeed the case, because a fp containing aa 37-59 
strongly reacted with MAbs specific for epitope 3 (Fig. 3). 

Fig. 2. Reactivity of various fps with PAbs to R-gal and to Fig. 3. ~ e a c t i ' v i t ~  of PAbs to 
BNYVV particles. The weak line marked by an arrow+ is the R-gal and MAbs specific for 
product of a non-specific reaction of BNYVV PAbs with a con- epitope 3 with fps containing 
taminating bacterial antigen. The locations of the nowreacting BNYVV cp aa sequences 
fps containing aa 1-43 and 104-1 15 in the lower part of the fig- 37-59 and 42:59, respectively. 
ure can be deduced from the positions of the corresponding fps 
in the upper part of the figure. 



Conclusion 

The results of this paper confirm our earlier conclusion derived from work with trypsin-treated particles 
that epitope 4 occurs on the C-terminus of BNYVV cp. From the results of the present paper it may be 
concluded that epitope 4 is located on aa 176-188, our earlier work had indicated its occurrence on an 
even narrower region between aa 182- 188 (for review see preceeding paper by Koenig et al., 1990). The 
present work also confirms our earlier conclusion that the N-terminus does not carry an SDS-stable 
epitope. Epitope 3 which in the particles is exposed only on one extremity (Koenig et al. 1990) was 
located in a region between aa 37-59. Interestingly, epitope 3 is part of a putative RNA-binding site (E.V. 
Koonin, pers. communication). A third epitope for which we so  far have no MAbs was located in the 
region of aa 115-140 (Fig. 1). 
We have compared our results on the location of epitopes 3, 4 and 6 with the computer-predicted 
antigenicity of BNYVV cp regions (Fig. 1) (Jamson and Wolf, 1988). Epitope 4 and 6 occur in regions of 
predicted high antigenicity (Fig. I ) ,  but in many other regions of a predicted high antigenicity we could 
not detect SDS-stable epitopes, e.g. on the N-terminus (Figs. 1 and 2). Most of the aa sequence of epitope 
3, on the other hand, lies in a region of predicted low antigenicity (Fig. 1). 

This work was partly supported by the Deutsche Forschungsgemeinschaft (grant KO 5181 10-1 and 10-2) 
and the Gemeinschaft zur Fijrderung der privaten deutschen landwirtschaftlichen Pflanzenziichtung e.V. 
(BMFT grant A 13/86 ZK). 
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Summary 

Examination of 24 British arable weed species grown in soils naturally infested with Pofymyxa 
betae showed that only Chenopodium album, Amplex patula and Silene alba were infected 
significantly. However, cross-infection studies, using zoospores from purified cultures of P. betae, 
demonstrated that isolates derived from sugar beet were unable to infect any of these three 
weed species. Nevertheless, isolates from C. album were able to infect sugar beet and this 
common weed must therefore be considered a potential alternative host in the epidemiology 
of rhizomania in Europe. 

Amongst Beta species, B. patellarir and B. procumbetrs are known to be completely resistant 
whereas B. vulgaris and B. maritima are, in general, susceptible to P. betae. However, resistant 
populations of B. marih'ma have been found and their potential use in sugar-beet breeding 
programmes, as a means of enhancing resistance to rhizomania disease, is discussed. 

Host Range of Polymyxa species 

The host range of Polymyxa betae in Britain, particularly in relation to the major arable 
weeds, was investigated, as has been done in a number of other countries, e.g. Germany 
(Keskin, 1964), Italy (D'Ambra, 1967), Canada (Barr, 1979), Japan (Abe & Ui, 1986), USA 
(Gerik & Duffus, 1987), Yugoslavia (Ivanovic, 1988) and Belgium (Goffart et al., 1989). A total 
of 24 species from 16 families were tested by growing plants in naturally infested soils, collected 
from different sugar-beet growing areas of Britain, in the glasshouse at ca 22OC. The plants 
were sampled after 2-3 months and examined for the presence of cystosori in the roots. Most 
of the plants were found to be uninfected by Polymyxa. These were Avena fatua, Daucus carota, 
Galium aparine, Matricaria perforata, Myosotis arvetuis, Polygonum aviculare, P. lapatizifolium, P. 
persicaria, Portulaca oleracea, Raplzatzus raplzatlistncm, Sitlapsis arvetuis, Solanum tligmm, Spergula 
awetzsis, Verotzica hederifolia, I.: persica and Hola arvetzsis. A trace of infection was found in 
Papaver rlzoeas, Stellaria media and Urticaria uretts. Amaratlthus retroflexus and Poa antzua both 
contained low levels of infection. These levels are not considered to be significant in increasing 
the amount of fungal inoculum in the soil. 

By contrast, a few of the weeds tested were found to contain Polymyxa species at the same 
high levels that were found in sugar beet. Significant levels of infection were found in Amplex 
patula and Chetropodium album of the Chenopodiaceae and in Siletle alba of the 
Caryophyllaceae. The latter is a new host species for Polymyxa. In order to determine whether 
these weeds could act as alternative hosts to the sugar-beet strain of Polymyxa, purified cultures 
of the fungus were developed by maintaining isolates on each of the host species separately. 
Zoospores derived from each host species were then used in cross-infection studies to examine 
their host range (Table 1). Isolates from B. vulgaris were unable to infect either C. album or 
S. alba and therefore it appears likely that these species have their own species or strain of 
Polymyxa. The strain of the fungus from C. album, however, was able to infect B. vulgarir. This 
suggests that C. album could act as a potential alternative host of P. betae and thus be 



important in the epidemiology of rhizomania. Further work is being carried out to determine 
the host specificity of the other two heavily infected species, A. patula and S. alba, so as to 
ascertain their role, if any, in the disease. 

Table 1: Host range of Polvmvxa betae - zoospore inoculum. 

Test plant 

Donor suecies B. vulgaris C. album S. alba 

Beta vulgaris 0 0 

Cltenopodium album 0 

able to cross-infect 0 unable to cross-infect 

Resistance in Beta species 

The host range of P. betae amongst Beta species was first examined by Fujisawa & Sugimoto 
(1979). B. patellaris and B. procrimbeits were found to be completely resistant whereas B. vulgah 
was susceptible and B. maritima populations, though generally susceptible, appeared to have 
some partially resistant plants (Table 2). The resistance in B. patellah appears to act at an 
early stage in the infection process since, in our time-course studies, no post-penetration 
structures have been observed in roots exposed to inoculum. However, the potential durability 
of such resistance, if it was introduced widely into sugar beet, might be questioned, since it may 
be under relatively simple genetic control. In addition, crosses between these two resistant 
wild species and B. vulgah are difficult, often leading to sterility or loss of vigour. 

Table 2: Host range of Polvmyxa betae among Beta species 

 eta patellah Resistant 

Beta procumbeits Resistant 

Beta vulgah Susceptible 

Beta rnaritirna Susceptible 

In contrast, B. rnaritima is fully compatible with B. vulgaris and has already been exploited 
in sugar-beet breeding programmes for its resistance to B N Y W  (Lewellen et al., 1987). We 
have recently screened a number of populations of B. maritima from an international 
germplasm collection for their resistance to P. betae. About 20 plants from each population 
were grown in naturally infested soil in a glasshouse at ca 22OC for a minimum of 8 weeks and 
then assessed microscopically for intensity of infection with cystosori of P. betae. The disease 
scores of individuals in the populations usually followed a normal distribution pattern (Fig. 1) 
but one population was skewed towards low levels of infection and a number of highly resistant 



individual plants were identified for use in a sugar-beet breeding programme. This resistance 
appears to be:quantitative in character and work is in progress to determine whether it is 
inherited polygenically. 

Disease score 

Figure 1: Frequency distribution of susceptibility to Polymyxa betae in 12 populations of Beta 
maritima. Note abnormal frequency of resistant plants in population at top left. 

Variation in levels of susceptibility to P. betae Also appears to be present in B. vulgaris. In 
our study of 18 rhizomania 'resistant' selections of sugar beet that are being trialled in The 
Netherlands this year some differences between lines were observed (Fig. 2). The variation was 
much less than that found in B. maritima populations and no high levels of resistance to P. 
betae, that might have contributed to their reputed rhizomania resistance, were detected. 

" , ,  , , , . , . .  
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Disease score 

Figure 2: Frequency distribution of susceptibility to Polymyxa betae in 18 rhizomania 'resistant' 
varieties of sugar beet. 



In the longer term, if resistance to the fungal vector is to ,be exploited as a means of 
controlling rhizomania disease, in addition to the virus resistance currently being developed, it 
must be (a) at a high enough level to prevent significant entry and multiplication of the virus 
in the root and (b) sufficiently complex to prevent the development of fungal races able to 
overcome it. Experience with other Plasmodiophoromycetes (Crute et al., 1980) suggests that 
resistance that is simply inherited is unlikely to be durable. 
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Summary , 

Polvmyxa betae zoospore suspensions produced by beet roots infected with beet 
necrotic yellow vein virus proved to be highly infectious inocula. Suspensions 
of 50 ml in which an infected seedling had been placed for five days, could be 
diluted for at least 250 times to,infect half of the plants exposed. Although 
the spores are evenly distributed through the inoculum the amount of virus in 
the infected roots varied considerably as has to be concluded from the large 
standard deviations of the ELISA readings found between the plants in each 
experiment. 

Introduction 

Beet necrotic yellow vein virus (BNYVV), a furovirus, is a soil-borne virus that 
causes a severe disease in sugar beet known as rhizomania. The virus is 
transmitted by the plasmodiophoraceous fungus Polvmvxa betae (Abe & Tamada, 
1986; Barr, 1988). 
The infected plant responds by a proliferation'of lateral roots, a yellowish or 
a brownish discolorationof the vascularrings and asudden sizereductionof . 
the tap roots in their lower parts. Virus can be detected in the crown of the 
beet when symptoms develop in the leaves, which rarely happens. Virus can 
readily be detected in the tap roots, especially in the developing parts such as 
the tip of the tap root and the youngest lateral roots. The distribution of the 
virus in the plants indicates that transport of virus is often restricted to 
parts around the infection site. Restriction of BNYVV transport through plants 
has been shown by Hillman (1984). That part of the root system of young plants 
which grew in BNYVV-infected soi 1 became infected whereas the one in uninfected 
soil remained virus-free. Highly variable amounts of virus have also been found 
in root systems of plants inoculated in breeding programs with soil conducive to 
the development of rhizomania (Biircky & Buttner, 1985; Miiller, 1986). These 
authors explained their results by differences in the rate of virus replication 
due to the genetic variability of the plants and by the moment at which the 
plants were infected during the period of exposure to inocula. However, their 
results and also those obtained by Hillman may indicate that roots have to be 
re-inoculated several times by zoospores to obtain a more thorough infection of 
the root system. 
The use of highly infectious inocula may result in a more uniform development of 
the infection and a more rapid and thorough infection of the root system. 
Resting spores of P. betae germinate at a low rate. Treatments to accelerate 
germination, except heating of soil at 40°C (Beemster & de Heij, 1987), have not 
been developed yet. Cultures of zoospores produced by plants in nutrient 
solutions may be better inocula yielding more constant infection levels. Rossner 
& Grosz (1987) showed that identical results were obtained with the use of 
zoospore suspensions and that of infected plants. Peters & Godfrey-Veltman 
(1989) demonstrated that zoospore suspensions are highly infectious. Some 
properties of these zoospore suspensions will be described in this report. 
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Fig. 1. Probit analysis of the percentage of beet plants infected by BNYVV 
after exposure to a three-fold dilution series of a suspension of 
Polvmyxa betae zoospores released by BNYVV-infected plants in a 
nutrient solution. 
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Materials and Methods 

2  

The general procedure to produce zoospore suspensions infected with BNYVV, and 
the techniques used to infect and to culture the seedlings in nutrient solutions 
were as described by Peters & Godfrey-Veltman (1989). Seed1 ings of which the 
roots were assayed for the virus content were incubated in 50 ml of a Steiner 
(1966) based nutrient solution after inoculaton. The composition of this 
nutrient solution can be obtained from the present authors. 
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Results 

Peters and Godfrey-Veltman (1989) showed that half of the seedlings placed in 
zoospore suspensions were infected with BNYVV in 3 to 10 min and that after 
removal of the infected plants, the suspensions remained infectious for at least 
8 h. These results indicate that the zoospore suspensions produced were highly 
infectious. This conclusion could be confirmed by dilution experiments (Fig. 1). 
A zoospore solution was produced by transferring seedlings infected in soil, to 
the nutrient solution for four days. Fresh seedlings were exposed to zoospores 
for 1 h in a three-fold dilution series of this zoospore suspension using 1:10 
nutrient solution as diluent. Infectivity could be demonstrated in roots of 
seedlings inoculated in all zoospore supension dilutions made. Probit analysis 
of the results showed that the dilution at which 50 percent of the plants were 
infected, was estimated to be 1:262 (Fig. 1). 
The infectivity of the diluted zoospore suspensions depends on the diluent used. 
Peters & Godfrey-Veltman, 1989) observed that a dilution of 1:4 of the zoospore 
suspension using tap water resulted in a complete loss of infectivity. 
Detrimental effects of tap water could also be demonstrated in an experiment in 
which the seedlings after being inoculated in a zoospore suspension were placed 
for 7 days in tap water. The amount of virus in seedlings placed after 
inoculation in undiluted, 1:10 and 1:50 diluted suspensions showed a rapid 
increase over the first five days after inoculation (Fig. 2). Only limited 
amounts of virus were found in the seedlings placed in tap water after being 
inoculated in the undiluted zoospore suspbnsion. These results may indicate that 
zoospores released during the incubation in tap water do not re-infect the roots 
leading to new foci of infection. 
Besides the fact that tap water negatively affects the development of virus in 
the roots it may also affect the establishment of infection in the roots. Plants 
were placed in a highly infectious suspension and then, after dividing them into 
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Fig. 2. Virus content of seedling roots either inoculated in undiluted and 
diluted zoospore suspensions and then placed in nutrient solution, or 
inoculated in an undiluted zoospore suspesion and then placed in tap 
water. 

groups, incubated first for different periods in tap water and then in 1:lO 
nutrient solution for a total period of ten days. The results obtained show that 
the length of the period in which the roots are incubated in tap water decreases. 
the number of plants infected and the amount of virus detected (Table 1). 
Low amounts of virus in roots have been considered to be indicative for 
resistance in beets. We tested the development of the virus in the susceptible 
cultivar Arigimono, the partially resistant cvs Rima and Univers and three 
populations of partially resistant hybrids (R 602, R660 and R650). Roots were 
assayed 3, 5 and 7 days after inoculation. The results indicate that all plants 
develop high levels of virus (Fig. 3). The virus reaches its maximum 
concentration more rapidly in 'Arigomono' than in the other lines. 

Discussion 

Zoospore suspensions produced by P. betae and BNYVV-infected beet seedling 
cultures in a nutrient solution are highly infectious. This can be concluded 
from the short infection periods and the dilutions of the suspensions at which 
50 % of the plants become infected. At the moment of dilution the suspension 
contained so many viable spores that the original suspension (50 ml) produced by 
one plant could be diluted 260 times to infect 50% of the plants exposed. 
In contrast to this high infection potential it is surprising that the virus 
level in the roots varies considerably between the infected plants (Table 1). 
This has to be explained by other factors than by the inoculation process 
itself, as the zoospores are evenly distributed in the suspension so that each 
unit of root has the same chance to become infected. Other factors may be either 

Table 1.Development of virus in roots of 'Arigomono' beet seedlings which after 
exposure to highly infectious suspensions were grown for a number of days 
in tap water and then in nutrient solution. 

Incubation of roots First in tap % infected Mean Elisa Std 
water and then in nutient solution plants values . 
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Fig. 3. The virus titer in roots of susceptible and partial resistant beet 
cultivars 3, 5 and 7 days after inoculation in a zoospore suspension 
and placing the roots in 1:10 nutrient solution. 

a large difference in the infection potential of these spores or the 
susceptibility of the roots to the virus due to the genetic variability of the 
spores and plants. Genetic variablity may determine the ratio of zoospore and 
resting spores produced, the number of zoospores released, the number of 
viruliferous zoospores, the number of virus particles per viruliferous spore and 
the replication rate of the virus and transport through the plant. 
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DEVELOPWENT OF REIZOHANIA AT DIFFERENT INITIAL INOCIJLVn LEVELS OF TEE SOIL 

1) Sugar Beet Research Institute, Bergen op Zoom, The Netherlands, 2) Research 
Institute for Arable Farming, Lelystad, The Netherlands 

Five inoculum levels of rhizomania were created by application of different amounts 
of BNYW-infested soil to a non-infested field. Sugar-beets were grown during two 
consecutive years (1988 and 1989). 

Bioassays on soil samples collected at the end of the first growing season revealed 
an increase in BNYW infestation at all inoculum levels. 

Root symptoms could not be observed in 1988, but BNYW-infected plants were detected 
by ELISA in low numbers at all inoculum levels. 

After late drilling in 1989 high numbers of infected plants were already detected in 
June, especially at the highest inoculum level. Disease incidence at the lower 
inoculum levels increased during the season, but differences between levels remained 
present. Root symptoms were observed from the end of June, and yellowing of the 
leaves started at about mid July. 

Effects of rhizomania on sugar content and yield were already observed in the first 
year. At the highest inoculum level sugar yield was reduced by 9% and in 1989 by 
65%. 
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s u m m a r y  

Infection by Polvmvxa betae and beet necrotic yellow vein virus was 
studied in four soils of varying textures at soil matric potentials of 
-400 mbars and higher. Infection was found to occur at matric 
potentials > -400 mbars. Infection in soil at higher matric potentials 
appeared more frequent in the course texture soils. 

Introduction 

Beet necrotic yellow vein virus (BNYW), the causal agent of 
rhizomania, is transmitted to roots by Polvmvxa betae (Fujisawa & 
Sugimoto, 1976; Giunchedi & Langenberg, 1982; Tamada et al., 1974). 
Many important environmental factors favoring activity by g. betae and 
development of rhizomania have been reported (Abe, 1987; Asher & Blunt, 
1987; Horak & Schlosser, 1980), but information on the effect of soil 
matric potential has remained undocumented. 

The effect of soil matric potential on zoosporic soil fungi is well 
recognized (Duniway, 1975a, b, 1976, 1979; MacDonald & Duniway, 1978a,. 
b; Smith et al., 1990; Westerlund et al., 1978). As soil matric 
potential decreases, formation of zoosporangia is limited (Duniway, 
1975a, b), zoospore discharge is reduced (MacDonald & Duniway, 1978b, 
c; Pfender et al., 1977), and zoospore motility is decreased (Duniway, 
1976; MacDonald & Duniway, 1978a; Westerlund et al., 1978). Soil 
matric potential effects have been studied also on infection from 
resting spores of other plasmodiophoromycetes (Dobson et al., 1982). 

In California rhizomania is a serious problem for sugarbeet production, 
especially near the city of Los Banos. In this area sugarbeets are 
planted in late spring, when soil temperatures are > 20°C, for harvest 
the following spring. Sugarbeets are sown into dry soil, then 
extensively watered until they emerge. This practice is conducive to 
early infection of the elongating taproot, which can result in 
extensive yield loss. An alternative method of sugarbeet culture would 
be to plant into pre-irrigated soils which have drained to a point were 
soil moisture conditions were no longer conducive for infection by P. 
betae and BNYW. 

This study reports preliminary results concerning the soil matric 
potential requirements at planting for infection by P. betae and 
BNYW. 

M a t e r i a l s  and M e t h o d s  

Soils, varying in texture, were collected from four fields known to be 
infested with rhizomania. In an effort to overload the soils with 
inoculum, they were placed in 15 cm diameter plastic pots and planted 
with sugarbeet hybrid IUSH1l1. The plants were grown in a greenhouse 
maintained between 20' - 25'C for 6 weeks, then the tops of the plants 
were removed and the soils were air dried. This procedure was repeated 
once more. 

The dry soils were passed through a 1 mm sieve and added to steel 
cylinders (4 cm tall X 5 cm diameter, opened on both ends) and planted 
with seed of 'USH1ll. The cylinders were placed in a tray and water 
was added so that the soil would become saturated. The cylinders were 



then immediately transferred to a ceramic plate soil moisture extractor 
where the matric potential of the soils was adjusted to various levels. 
The soils were allow to adjust for at least 18 hours after which the 
cylinders with the soil were carefully transferred individually to 250 
ml plastic beakers which were sealed with a plastic lid to prevent 
drying. The beakers were incubated at 24°C for 14 days, after which 
the plant roots were removed and assayed for infection by ELISA. 

Results 

The soil texture classes and particle size distributions are listed in 
Table 1. Initial experiments were performed with the sandy loam soil. 
The matric potential of this soil was maintained between -60 and -180 
mbars with the use of Buchner funnels with fritted glass plates 
(Duniway, 1976). Sugarbeets were grown in these funnels at constant 
matric potentials for 4 weeks, then assayed by ELISA. After 4 weeks 
the plants at all matric potentials were infected by BNYW. Attempts 
to use the Buchner funnels at matric potentials < -180 mbars failed due 
to the inability of the fritted glass plated to hold tensions of this 
magnitude. Because of this limitation, the procedure using the 
moisture extractor was adopted. 

Table 1. Texture and particle size distribution of soils. 

Soil Class Sand Silt clay 

Clay 
Clay Loam 
Sandy Loam 
Loamy Sand 

a~alues are the mean of 2 analyses. 

The results of the experiment conducted with the four soils are 
presented in Table 2. In general, infection was greater in the lighter 
texture soils at the higher matric potentials. Infection at the lowest 
matric potential appeared to be reduced, but still occurred to some 
extent. 

Table 2. Effect of soil matric potential at planting on infection by 
Polymyxa betae and BNYW. 

Number of Infected Plants out'of 4a 

Soil Class Matric Potential (-mbars) 
200 250 300 350 400 

Clay 1 2 0 2 1 
Clay Loam 4 4 1 0 0 
Sandy Loam 4 3 4 2 1 
Loamy Sand 4 4 4 1 2 

a~nfection determined by ELISA test 14 days after planting. 

Discussion 

The results of the experiment are somewhat inconclusive because soil 
matric potentials were not tested at levels sufficiently low to limit 
all infection. The data do point out that infection can take place at 
relatively dry soil moisture conditions. Studies with Phytowhthora 
spp. suggest little or no infection from zoospores at soil matric 
potentials I -50 mbars (Duniway, 1976, 1979; MacDonald & Duniway, 
1978a, b; Pfender et al., 1977). Studies with Olpidium brassicae 
indicate that infection from resting spores will occur at soil matric 



potentials L -60 mbars, but do not occur at matric potentials I -100 
mbars (Westerlund et al., 1978). Our data indicate that infection 
resulting from resting spores of P. betae can occur at relatively dry 
soil conditions. Similar data have been reported for Plasmodiovhora 
brassicae (Dobson et al., 1982) where researchers have described root- 
hair infection to occur at soil matric potentials as low as -800 mbars 

The data indicate that soil texture may interact with the matric 
potential requirements for infection, especially in wetter soils. 
Frequency of infected plants appeared to be greater in the coarser 
texture soils compared to the clay soil; however, the inoculum 
densities of the different soils were not standardized and this 
observation could be erroneous. But previous researchers have 
indicated increased zoospore activity in coarser compared to finer 
soils (Duniway, 1976; MacDonald & Duniway, 1978a). 

The method used in this experiment to adjust soil matric potential did 
not provide constant soil moisture conditions during the entire 
experiment, but only provided defined conditions at the time of 
planting. Experiments utilizing more exacting techniques should be 
performed to obtain better data concerning the effect soil matric 
potential has on infection. Field experiments will be required to 
determine if planting in pre-irrigated soils will provide for control 
of early infection by P. betae and BNYW. 
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Summary 

In various accessions of Beta vul~aris and B. maritima a reduced level of 
beet necrotic yellow vein virus has been found. However, no immunity to the 
virus has been detected yet. 
No resistance to Polvmvxa betae has been found in B. vulvaris, while 
partial resistance was observed in B. maritima. Preliminary results with 
the latter resistance suggest that high levels of vector resistance are 
necessary to give effective protection against rhizomania. Complete 
resistance to P. betae was reported in wild species of the sections 
Corollinae and Patellares. The vector resistance found in B. ~rocumbens is 
likely to be under relatively simple genetic control. 
A more intensive screening for resistance to the virus and the vector in 
wild Beta species is recommended. 

Introduction 

Breeding for resistance to rhizomania in sugar beet is thought to be the 
best way for controlling the disease. Both resistance to beet necrotic 
yellow vein virus (BNYW) (Tamada, 1975) and to its vector Polvmvxa betae 
Keskin might be used in breeding programmes. 
In this paper a short review is given of the perspectives for using 
different Beta species in breeding rhizomania resistant sugar beet 
varieties. 

Resistance to beet necrotic yellow vein virus (BNYW) 

Intensive screening among Beta vulearis germplasm, under BNYW-infested 
conditions, revealed great differences between accessions in resistance to 
rhizomania (Bolz & Koch, 1983; Johansson, 1985; Lewellen et al., 1987). 
Lewellen & Biancardi (1990) reported on both quantitative inherited and 
monogenic resistance in B. vul~aris. Breeding activities have resulted in 
the development of several varieties that give good performance on infested 
fields. However, no immunity to the virus has been reported yet and under 
severely infested conditions considerable losses still occur even with 
these new varieties. 
Among the accessions of B, vulearis kept at CPO, which were tested in the 
greenhouse, some interesting sources of resistance were found. In accession 
R39, earlier selected for tolerance to virus yellows, the concentration of 
BNYW was only 20% of that of the susceptible cv. Regina (Paul et al., 
1990). Within these populations and within rhizomania resistant varieties, 
however, plants with high and low concentrations of the virus were found. 
Further selection might improve the level of resistance of the resistant 



material. In the roots of all accesions and varieties of B. vulaaris, both 
susceptible and resistant, cystosori of P, betae occurred abundantly. After 
inoculation of the susceptible cv. Regina and the partial resistant cvs 
Nymphe and Rima with a virulifurous and a non-virulifurous isolate of P, 
betae, no significant differences in numbers of cystosori were detected, 
whereas virus concentration between the varieties differed significantly 
(P-0.05). It is therefore assumed, that resistance to rhizomania in 
vulearis material is based on resistance to the virus. 
Simply and dominantly inherited resistance to the virus has also been 
reported to be present in B. maritima (Whitney, 1989). 
Fujisawa & Sugimoto (1979) mechanically inoculated four accessions of B, 
maritima, together with B. vulgaris. B, verennis and B, orientalis of the 
section Beta, B. ~atellaris ,B. ~rocumbens and B. webbiana of the section 
Patellares and B. trveina, B. corolliflora and B. intermedia of the 
section Corollinae. The occurrence of lesions on all these species indicate 
that these species are, at least to some extent, susceptible to the virus. 

Resistance to Polvmvxa betae 

Habibi (1969) observed differences in numbers of cystosori in the roots of 
various accessions of Beta vulearis. However, Bolz & Koch (1983) tested 
numerous varieties and breeding lines, and could not detect significant 
differences in infection by P. betae. 
Fujisawa & Sugimoto (1979) tested the accessions that were mechanically 
inoculated with BNYW (see above) also for resistance to P. betae. 
B. vulearis, B. verennis and B. orientalis were classified as susceptible 
to P. betae. In three of the four accessions of B. maritima (SP581103-0, 
SP581105-0 and WB37) low grade infection by P. betae was observed. No E 
betae could be detected in the roots of the species of the sections 
Corollinae and Patellares. 
Also at CPO, the accessions SP581103-0 SP581105-0 and WB37 were tested for 
resistance to the vector and to the virus. In all three accessions less 
cystosori were detected than in the susceptible cv. Regina. Numbers of 
cystosori were found to be lowest in SP581103-0, 61% less than in cv. 
Regina. Virus concentrations, however, in the three accessions were more 
than twofold that of cv. Regina. 
The studies with species of the section Patellares were repeated and 
extended. No cystosori of P. betae were detected in the roots of either 
Patellares species nor in hybrids of B. ~rocumbens and B. ~atellaris with 
B. vulgaris. Virus concentrations in the Patellares species and in the 
hybrids were very low (Paul et al., 1990). Subsequently, tests were carried 
out with the complete series of nine monosomic additions of B. ~rocumbens 
in B. vulearis, made by Lange et al. (1988). The additions Type 4 and Type 
8 had only little cystosori of P. betae. Virus concentrations in the 
addition plants of these two types were much lower than in sib-plants, but 
were higher than in the wild species and the hybrids. The seven other 
additions were found to be susceptible to both P. betae and the virus (Paul 
et al., in preparation). These results suggest that the resistance to E 
betae found in B. vrocumbens, is controlled by genes or gene complexes on 
only two of the nine chromosomes, and therefore is likely to be under 
relatively simple genetic control. 



Perspectives for breeding 

In Table 1 a summary is given of present knowlegde about resistance to 
BNYW and P. betae in Beta species. Also the perspectives of the use of the 
species in breeding sugar beet with resistance to rhizomania are indicated. 

Table 1. Resistance to beet necrotic yellow vein virus (BNYW) and Polpvxa 
betae in Beta species and perspectives for their use in breeding 
sugar beet with resistance to rhizomania (for references, see 
text). 

Virus Vector 
Beta species resistance Pers~ectives resistance Pers~ectives 

Some accessions 
of Beta vulvaris partial + 

Some accessions 
of B. maritima partial + partial f 

Patellares spp. no complete f 

Corollinae spp. no complete f 

+: good perspectives; f: currently investigated; - :  no perspectives. 

Within Beta vulearis several sources of resistance to BNYW have been found 
and several rhizomania resistant varieties have been developed. 
Improvement of the level of resistance might be obtained by further 
selection and combination of different sources of resistance (Lewellen & 
Biancardi, 1990). The resistances present in B. maritima can also be used, 
since this species can be easily crossed with B. vul~aris. 
Within B. vulnaris no interesting sources of resistance to P. betae have 
been detected yet. Some partial resistance to the vector has been found in 
B.maritima accessions. However, results of a preliminairy experiment with 
this partial resistant material indicate that levels of resistance to 
P.betae must be very high to be effective. Complete resistance to the 
vector has been found in wild species of the section Corollinae and 
Patellares. Although the use of Patellares species has resulted in nematode 
resistant sugar beet material (Lange et al., 1990), the transfer of genes 
from these species to cultivated beet appeared to be extremely difficult. 
The possibilities to transfer vector resistance from Patellares species to 
cultivated beet, using both classical and biotechnological approaches, are 
currently investigated at CPO. 
Although resistance to the virus is present in B. vulnaris accessions, 
additional sources of resistance, either to the virus or the vector, are 
needed to give sufficient control. Therefore a intensive screening of wild 
species for resistance to the virus and the vector is recommended. 
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C O N T E N T  AND D I S T R I B U T I O N  O F  B E E T  N E C R O T I C  YELLOW V E I N  V I R U S  ( B N Y V V )  I N  
SUGAR B E E T  V A R I E T I E S  W I T H  D I F F E R E N T  D E G R E E S  O F  S U S C E P T I B I L I T Y  TO 
R H I Z O M A N I A  

G .  ~ u t t n e r l  a n d  K .  B u r c k y  
2  

1 )  R i z o m a n i a  V e r s u c h s s t a t i o n  d e s  I f Z ,  M a i n z e r  S t r a R e  8 3 ,  0 - 6 0 8 0  G r o R - G e r a u  
2 )  I n s t i t u t  f u r  Z u c k e r r u b e n f o r s c h u n g  ( I f Z ) ,  H o l t e n s e r  L a n d s t r a R e  7 7 ,  

0 - 3 4 0 0  G o t t i n g e n  

S u m m a r y  

The  c o n c e n t r a t i o n  o f  b e e t  n e c r o t i c  y e l l o w  v e i n  v i r u s  (BNYVV) i n  t h e  ' 
l a t e r a l  r o o t l e t s ,  t a p  r o o t s  a n d  h y p o c o t y l s  o f  y o u n g  p l a n t s  o f  s u g a r  b e e t  
v a r i e t i e s  k n o w n  t o  d i f f e r  i n  s u s c e p t i b i l i t y  t o  r h i z o m a n i a  was e x a m i n e d .  
I n d e p e n d e n t  o f  t h e  d e g r e e  o f  s u s c e p t i b i l i t y  o f  t h e  v a r i e t y ,  t h e  c o n c e n -  
t r a t i o n  o f  BNYVV was a l w a y s  h i g h e r  i n  l a t e r a l  r o o t l e t s  t h a n  i n  t h e  t a p  
r o o t  o r  i n  t h e  h y p o c o t y l ,  b u t  E L I S A - r e a d i n g s  o f  e x t r a c t s  f r o m  l a t e r a l  
r o o t l e t s  a s  w e l l  as  f r o m  t a p  r o o t s  w e r e  h i g h e r  i n  p l a n t s  o f  t h e  s u s c e p t -  
i b l e  v a r i e t i e s .  H i g h e r  t e m p e r a t u r e s  a n d  p e r m a n e n t  i l l u m i n a t i o n  l e d  t o  a n  
i n c r e a s e  i n  v i r u s  c o n t e n t  i n  t h e s e  t i s s u e s .  G e n e r a l l y ,  t h e  v i r u s  c o n t e n t  
o f  t a p  r o o t s  a n d / o r  h y p o c o t y l s  was a  b e t t e r  i n d i c a t o r  o f  v a r i e t a l  d i f f e r -  
e n c e s  i n  s u s c e p t i b i l i t y  t h a n  t h a t  o f  l a t e r a l  r o o t l e t s .  P o s s i b l e  r e a s o n s  
f o r  t h e  d i f f e r e n c e s  i n  v i r u s  c o n t e n t  a n d  d i s t r i b u t i o n  a s  w e l l  as  t h e  u s e  
o f  s u c h  d i f f e r e n c e s  i n  t h e  s e l e c t i o n  o f  g e n o t y p e s  m o r e  r e s i s t a n t  t o  
r h i z o m a n i a  a r e  d i s c u s s e d .  

I n t r o d u c t i o n  

I n  o r d e r  t o  a c h i e v e  f a s t  a n d  e f f e c t i v e  b r e e d i n g  o f  s u g a r  b e e t  v a r i e t i e s  
w i t h  a  h i g h  d e g r e e  o f  r e s i s t a n c e  t o  r h i z o m a n i a ,  a n  u n d e r s t a n d i n g  o f  t h e  
c h a r a c t e r i s t i c s  o f  s u c h  r e s i s t a n c e  i s  e s s e n t i a l  f o r  s e l e c t i o n .  I n  a  
p r e v i o u s  i n v e s t i g a t i o n  ( B u r c k y  a n d  B u t t n e r ,  1 9 8 5 )  d i f f e r e n c e s  i n  t h e  
c o n t e n t  o f  b e e t  n e c r o t i c  y e l l o w  v e i n  v i r u s  (BNYVV) i n  y o u n g  p l a n t s  o f  
d i f f e r e n t  v a r i e t i e s  o f  s u g a r  b e e t  g r o w n  i n  r h i z o m a n i a - i n f e s t e d  s o i l  w e r e  
f o u n d .  I n  t h e  e a r l y  s t a g e s  o f  g r o w t h  a . c o n s i d e r a b l y  l o w e r  v i r u s  c o n t e n t  
i n  t h e  l a t e r a l  r o o t l e t s  o f  v a r i e t i e s  f i r s t  o f  a l l  s e l e c t e d  f o r  t o l e r a n c e  
a g a i n s t  r h i z o m a n i a  i n  t h e  f i e l d  was o b s e r v e d .  C o n s e q u e n t l y  t h e s e  v a r i e t i e s  
c o u l d  b e  t e r m e d  r e s i s t e n t .  S u b s e q u e n t l y ,  t h e  d i f f e r e n c e  i n  v i r u s  c o n t e n t  
b e t w e e n  t h e s e  r e s i s t a n t  and  s u s c e p t i b l e  v a r i e t i e s  d e c l i n e d  u n t i l  i t  became 
a l m o s t  u n d e t e c t a b l e .  I n  c o n t r a s t ,  i n  f u l l y  d e v e l o p e d  p l a n t s  t h e  v i r u s  
c o n t e n t  o f  t a p  r o o t  s l i c e s  a n d / o r  b r e i  p r e p a r e d  f r o m  m a t u r e  r o o t s  d i f f e r s  
c l e a r l y  b e t w e e n  r e s i s t a n t  a n d  s u s c e p t i b l e  v a r i e t i e s  ( B u r c k y  a n d  B u t t n e r ,  
1989  a ) .  

F u r t h e r  i n v e s t i g a t i o n s  w e r e  t h e r e f o r e  u n d e r t a k e n  t o  e x a m i n e  t h e  f o l l o w -  
i n g :  

- t h e  d e v e l o p m e n t  o f  BNYVV i n  r o o t s  o f  s u g a r  b e e t  p l a n t l e t s  d i f f e r i n g  i n  
s u s c e p t i b i  1  i t y  t o  r h i z o m a n i a  

- t h e  r e l a t i v e  d i s t r i b u t i o n  o f  v i r u s  i n  l a t e r a l  r o o t l e t s ,  t h e  t a p  r o o t  
a n d  h y p o c o t y l  

- t h e  e x t e n t  t o  w h i c h g r o w i n g  c o n d i t i o n s  i n f l u e n c e  t h e  amoun t  a n d  
d i l s t r i b u t i o n  o f  BNYVV i n  r o o t s .  

M a t e r i a l  a n d  M e t h o d s  

S u g a r  b e e t  s e e d 1  i n g s  o f  t h r e e  s u s c e p t i b l e  and  t h r e e  r e s i s t a n t  v a r i e t i e s  w e r e  
g r o w n  i n  d i s e a s e - f r e e  B l a h t o n - h y d r o p o n i c  c u l t u r e  f o r  t w o  weeks  a n d  t h e n  
t r a n s p l a n t e d  i n t o  a  r h i z o m a n i a - i n f e s t e d  s o i l  m i x t u r e .  A f t e r  g r o w i n g  i n  
i n f e s t e d  s o i l  f o r  3  weeks ,  e a c h  p l a n t  was s e p a r a t e d  i n t o  l a t e r a l  r o o t l e t s ,  



t a p  r o o t  a n d  h y p o c o t y l  BNYVV d e t e r m i n a t i o n s  w e r e  d o n e  b y  means o f  
EL ISA ( B " t t n e r  a n d  ~ u r c k ~ ,  1 9 8 7 ) .  

I n  o r d e r  t o  a c h i e v e  a  c o m p a r a b l e  e s t i m a t e  o f  t h e  amoun t  o f  a n t i g e n  
( v i r u s )  i n  t h e  v a r i o u s  p l a n t  t i s s u e  h o m o g e n a t e s ,  a  d i l u t i o n  s e r i e s  o f  
a  h i g h l y  p u r i f i e d  v i r u s  p r e p a r a t i o n  was i n c l u d e d  i n  a l l  t e s t s  a n d  a  
s t a n d a r d  c a l i b r a t i o n  c u r v e  p r e p a r e d .  T i s s u e  s a m p l e s  w e r e  a s s i g n e d  a  

' r e l a t i v e  v i r u s  c o n t e n t  a c c o r d i n g  t o  t h e i r  E L I S A - r e a d i n g s  b y  r e f e r e n c e  
t o  t h i s  s t a n d a r d  c u r v e  ( B u r c k y  a n d  B u t t n e r ,  i n  p r e s s ) .  

R e s u l t s  

The h i g h e s t  v i r u s  c o n t e n t  was f o u n d  i n  t h e  l a t e r a l  r o o t l e t s  ( T a b l e  l ) ,  

Tab .  1: B N Y V V - c o n c e n t r a t i o n  i n  t h e  l a t e r a l  r o o t s ,  t a p  r o o t  a n d  
h y p o c o t y l  o f  y o u n g  p l a n t s  o f  s u s c e p t i b l e  a n d  r e s i s t a n t  
v a r i e t i e s  o f  s u g a r  b e e t .  n  = 36 p l a n t s l v a r i e t y  

V a r i e t y  V a r i e t y  a g a i n s t  BNYVV BNYVV c o n c e n t r a t i o n  ( r e l a t i v e )  
l a t e r a l  r o o t s  t a p  r o o t s  h y p o c o t y l  

Kawemono s u s c e p t i b l e  
N o v a d i m a  s u s c e p t i b l e  
H i  1  ma s u s c e p t i b l e  

R i  z o r  
Donna 
Nymphe 

r e s i s t a n t  
r e s i s t a n t  
r e s i s t a n t  

t h e  t a p  r o o t s  a n d  t h e  h y p o c o t y l s  c o n t a i n i n g  p r o g r e s s i v e l y  l e s s  v i r u s .  
T h i s  g r a d a t i o n  was f o u n d  t o  b e  i n d e p e n d e n t  o f  t h e  l e v e l  o f  r e s i s t a n c e  o f  
t h e  v a r i e t y .  O v e r a l l ,  r e s i s t a n t  v a r i e t i e s  c o n t a i n e d  l e s s  v i r u s  i n  t h e i r  
r o o t s .  T h i s  d i f f e r e n c e  was p a r t i c u l a r l y  p r o n o u n c e d  i n  t a p  r o o t s  and  e v e n  
m o r e  s o  i n  h y p o c o t y l s .  Whereas  BNYVV c o u l d  b e  d e t e c t e d  i n  t h e  l a t e r a l  
r o o t l e t s  o f  a l l  p l a n t s ,  i n c l u d i n g  t h o s e  o f  r e s i s t a n t  v a r i e t i e s ,  t h e r e  w e r e  
q u i t e  a  number  o f  r e s i s t a n t  p l a n t s  i n  w h i c h  n o  v i r u s  c o u l d  be  f o u n d  i n  t h e  
t a p  r o o t  a n d  h y p o c o t y l .  

Tab.  2: Mean c o n c e n t r a t i o n  a n d  d i s t r i b u t i o n  o f  BNYVV i n  y o u n g  p l a n t s  o f  
t h r e e  s u s c e p t i b l e  a n d  t h r e e  r e s i s t a n t  v a r i e t i e s  o f  s u g a r  b e e t  
g r o w n  i n  i n f e s t e d  s o i l  a t  d i f f e r e n t  t e m p e r a t u r e s  f o r  2 1  d a y s  

Temperature V a r i e t i e s  BNYVV concen t ra t i on  ( r e l a t i v e )  BNYVV concn.susc.var ie t ies  
d u r i n a  BNYVV c o n c n . r e s i s t . v a r i e t i e s  
g r o w t i  1 a t . r o o t s  tap  r o o t s  hypocoty l  1 a t . r o o t s  tap  r o o t s  hypocoty l  

1 2 " C / 1 8 " C  s u s c e p t .  226 4  7  - * 
1 4 h  l i g h t  r e s i s t a n t  1 1 4  17 - - 2 . 0  2 . 8  

18OCI22"C  s u s c e p t .  1 7 4 2  379  2  9  
8 3 0  1 0 9  3  

2 . 1  3 . 5  9 . 3  
1 4 h  l i g h t  r e s i s t a n t  

25 "C s u s c e p t .  3877  494  8  9  
e r m a n e n t  r e s i s t a n t  2 7 5 8  1 7 0  2  5  1 . 4  2 . 9  3 . 6  

ht 
* n o t  e x a m i n e d  



H i g h e r  t e m p e r a t u r e s  and ,  as a  c o n s e q u e n c e ,  a n  a c c e l e r a t i o n  o f  t h e  
m e t a b o l i c  p r o c e s s e s  i n  t h e  h o s t  p l a n t ,  l e d  t o  a n  i n c r e a s e  i n  v i r u s  
c o n t e n t  ( T a b l e  2 ) .  T h i s  o c c u r r e d  r e g a r d l e s s  o f  t h e  d e g r e e  o f  s u s c e p t -  
i b i l i t y  o f  t h e  p l a n t  a n d  was p a r t i c u l a r l y  n o t i c e a b l e  i n  t h e  t a p  r o o t  
a n d  h y p o c o t y l .  The  r a t i o  o f  t h e  v a l u e s  d e r i v e d  f r o m  t h e  s u s c e p t i b l e  
a n d  r e s i s t a n t  p l a n t s  show t h a t  r h i z o m a n i a  r e s i s t a n t  v a r i e t i e s  c a n  
r e a d i l y  b e  d i f f e r e n t i a t e d  on  t h e  b a s i s  o f  t h e  v i r u s  c o n t e n t  o f  t h e s e  
t i s s u e s .  

D i s c u s s i o n  

The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t ,  i n  a d d i t i o n  t o  known  
d i f f e r e n c e s  i n  t o t a l  , v i r u s  c o n t e n t ,  d i f f e r e n c e s  a l s o  e x i s t  i n  t h e  r e l a t i v e  
d i s t r i b u t i o n  o f  BNYVV w i t h i n  p l a n t s  d i f f e r i n g  i n  t h e i r  d e g r e e  o f  s u s c e p t -  
i b i l i t y  t o  r h i z o m a n i a .  T h e s e  d i f f e r e n t  d i s t r i b u t i o n  p a t t e r n s  may r e s u l t  
f r o m  d i f f e r e n t  r a t e s  o f  t r a n s l o c a t i o n  o f  t h e  v i r u s .  

A t  t h i s  s t a g e ,  we c a n  o n l y  s p e c u l a t e  a s  t o  t h e  c a u s e  o f  t h e  a p p a r e n t  
d i f f e r e n c e s  i n  v i r u s  t r a n s l o c a t i o n  f r o m  t h e  p r i m a r y  s i t e s  o f  i n f e c t i o n ,  
t h e  l a t e r a l  r o o t l e t s ,  i n t o  t h e  t a p  r o o t  a n d  f u r t h e r  i n t o  t h e  h y p o c o t y l .  
A c c o r d i n g  t o  t h e  " s o u r c e  a n d  s i n k  m o d e l "  o f  t r a n s p o r t  p h y s i o l o g y ,  
d i f f e r e n c e s  i n  c o n c e n t r a t i o n  a r e  t h e  d r i v i n g  f o r c e s  i n  t r a n s p o r t  processes. 
H o w e v e r ,  w h e t h e r  t h e  d i f f e r e n c e s  f o u n d  i n  v i r u s  c o n t e n t  o f  l a t e r a l  r o o t -  
l e t s  a r e  t h e  r e s u l t  o f  d i f f e r e n t  t r a n s l o c a t i o n  r a t e ,  c a n n o t  b e  e s t a b l i s h e d  
f r o m  t h e  r e s u l t s  r e p o r t e d  h e r e .  

S e v e r a l  a u t h o r s  h a v e  p o s t u l a t e d  a  r e l a t i o n s h i p  b e t w e e n  t h e  m o l e c u l a r  
o r g a n i z a t i o n  o f  t h e  v i r u s ,  s p e c i f i c a l l y  t h e  number  a n d  t y p e  o f  s u b u n i t s ,  
a n d  i t s  s p r e a d  i n  p l a n t s  ( e . g .  K o e n i g  a n d  B u r g e r m e i s t e r ,  1 9 8 9 ) .  The  
p o s s i b i l i t y  h a s  a l s o  b e e n  s u g g e s t e d  t h a t  t h e  v i r u s  v e c t o r ,  P o l y m y x a  b e t a e ,  
c o n t r i b u t e s  t o  t h e  s p r e a d  o f  t h e  v i r u s  i n  t h e  p l a n t ,  i n  t h a t  damage t o  
h o s t  t i s s u e  c a u s e d  b y  t h e  f u n g u s  w o u l d  f a c i l i t a t e  v i r u s  movemen t  ( G e r i k  
a n d  D u f f u s ,  1 9 8 8 ) .  F i n a l l y ,  a n a t o m i c a l - m o r p h o l o g i c a l  b a r r i e r s ,  w h i c h  w o u l d  
i n t e r f e r e  w i t h  t h e  t r a n s l o c a t i o n  o f  BNYVV f r o m  l a t e r a l  r o o t l e t s  i n t o  t h e  
u p p e r  p a r t s  o f  t h e  p l a n t ,  h a v e  b e e n  p r o p o s e d  ( H i l l m a n  a n d  S c h l o s s e r ,  1 9 8 4 ) .  
H o w e v e r ,  t h e  n a t u r e  a n d  l o c a t i o n  o f  t h e s e  b a r r i e r s  h a v e  y e t  t o  b e  d e f i n e d .  

P r e l i m i n a r y  e x p e r i m e n t s ,  c a r r i e d  o u t  i n  c o o p e r a t i o n  w i t h  s u g a r  b e e t  
b r e e d e r s ,  h a v e  y i e l d e d  g o o d  r e s u l t s  w i t h  r e  a r d  t o  t h e  u s e f u l n e s s  o f  t h e  
y o u n g  p l a n t  t e s t  ( B u r c k y  a n d  B u t t n e r ,  1 9 8 9  b7. I n f o r m a t i o n  o n  d i f f e r e n c e s  
i n  t h e  d i s t r i b u t i o n  p a t t e r n  o f  t h e  v i r u s  i n  r o o t s ,  a s  a n  a d d i t i o n a l  
c r i t e r i o n ,  c o u l d  i m p r o v e  t h e  v a l u e  o f  s u c h  g r e e n h o u s e  t e s t s  f o r  s e l e c t i n g  
b r e e d i n g  l i n e s  w i t h  e n h a n c e d  r e s i s t a n c e  t o  r h i z o m a n i a .  

R e f e r e n c e s  

B u r c k y ,  K .  u n d  G .  B u t t n e r .  A n s a t z e  z u r  S e l e k t i o n  r i z o m a n i a t o l e r a n t e r  
Z u c k e r r u b e n  w a h r e n d  d e r  J u g e n d e n t w i c k l u n g .  I: V i r u s t i t e r .  Z u c k e r i n d .  
1 1 0 :  9 9 7 - 1 0 0 0 ,  1985  

B u r c k y ,  K .  u n d  G .  B u t t n e r .  R i z o m a n i a t o l e r a n t e  Z u c k e r r u b e n s o r t e n .  
I. S t r e u u n g  v o n  G e w i c h t  u n d  Q u a l i t a t s m e r k m a l e n  f u r  E i n z e l r u b e n  v e r -  
s c h i e d e n e r  S o r t e n  m i t  u n d  o h n e  B e f a l l  d u r c h  BNYVV. Z u c k e r i n d . 1 1 4 :  
1 4 2 - 1 4 8 ,  1 9 8 9  a  

B u r c k y ,  K .  u n d  G. B u t t n e r .  R i z o m a n i a t o l e r a n t e  Z u c k e r r u b e n s o r t e n .  
1 1 :  B N Y V V - G e h a l t  j u n g e r  T e s t p f l a n z e n  u n d  E r t r a g  i m  F e l d  u n t e r  R i z o -  
m a n i a b e f a l l .  Z u c k e r i n d .  1 1 4 :  2 2 5 - 2 2 8 ,  1 9 8 9  b  

B u r c k y ,  K .  u n d  G .  B u t t n e r .  G e h a l t  a n  B e e t  N e c r o t i c  Y e l l o w  V e i n  V i r u s  
(BNYVV)  i n  d e r  H a u p t w u r z e l  v o n  Z u c k e r r u b e n p f l a n z e n  v e r s c h i e d e n e r  S o r -  
t e n  u n d  d e r e n  L e i s t u n g  u n t e r  R i z o m a n i a b e f a l l  i m  F e l d .  J .  P h y t o p a t h o -  
l o g y ,  i n  p r e s s  



B u t t n e r ,  G. u n d  K. B u r c k y .  V e r b e s s e r u n g  d e r  N a c h w e i s e m p f i n d l i c h k e i t  v o n  
EL ISA b e i m  T e s t  a u f  BNYVV. P r o c .  5 0 .  W i n t e r k o n g r e s s  I I R B ,  B r u s s e l :  
2 8 9 - 2 9 4 ,  1 9 8 7  

G e r i k ,  J . S .  a n d  J . E .  D u f f u s .  D i f f e r e n c e s  i n  v e c t o r i n g  a b i l i t y  a n d  
a g g r e s s i v e n e s s  o f  i s o l a t e s  o f  P o l y m y x a  b e t a e .  P h y t o p a t h o l o g y  7 8 :  
1 3 4 0 - 1 3 4 3 ,  1 9 8 8  

H i l l m a n n ,  U .  u n d  E. S c h l o s s e r .  R i z o m a n i a  V I I :  T i t e r  d e s  A d e r n g e l b -  
f l e c k i g k e i t s v i r u s  i n  T e i l e n  v o n  Z u c k e r r u b e n .  Med. F a c .  Landbouww 
R i j k s u n i v .  G e n t .  49 ( 2 b ) :  8 4 1 - 4 8 9 ,  1 9 8 4  

K o e n i g ,  R. a n d  W .  B u r g e r m e i s t e r .  M e c h a n i c a l  i n o c u l a t i o n  o f  s u g a r b e e t  
r o o t s  w i t h  i s o l a t e s  o f  B e e t  N e c r o t i c  Y e l l o w  V e i n  V i r u s  , h a v i n g  
d i f f e r e n t  RNA c o m p o s i t i o n s .  J .  P h y t o p a t h o l o g y  1 2 4 :  2 4 9 - 2 5 5 ,  1 9 8 9  
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R .  K o e n i g  a n d  B.  S t e i n  

B i o l o g i s c h e  B u n d e s a n s t a l t ,  M e s s e w e g  11, 0 - 3 3 0 0  B r a u n s c h w e i g ,  G e r m a n y  

S u m m a r y  

M e c h a n i c a l  i n o c u l a t i o n  o f  s u g a r b e e t  s e e d l i n g s  6 t o  9  d a y s  o l d  w i t h  
b e e t  n e c r o t i c  y e l l o w  v e i n  v i r u s  (BNYVV) b y  m e a n s  o f  v o r t e x i n g  l e d  
n o t  o n l y  t o  r o o t  i n f e c t i o n s ,  b u t  a l s o  t o  a  l i m i t e d  s y s t e m i c  s p r e a d  
o f  t h e  v i r u s  i n  t h e  u p p e r  p a r t s  o f  t h e  p l a n t s .  C o t y l e d o n s  a s  w e l l  
a s  t h e  f i r s t  l e a f  p a i r s ' a n d  t h e i r  p e t i o l e s  a l l  h a d  a  h i g h  v i r u s  
c o n t e n t  i n d e p e n d e n t  o f  t h e  s u g a r b e e t  c u l t i v a r .  I n  t h e  l a t e r  l e a f  
p a i r s ,  h o w e v e r ,  a n d  e s p e c i a l l y  i n  t h e i r  p e t i o l e s t h e  v i r u s  c o n ' t e n t  
w a s  h i g h e r  i n  h i g h l y  s u s c e p t i b l e  t h a n  i n  p a r t i a l l y  r e s i s t a n t  c u l t i -  
v a r s .  T h i s  c o u l d  b e  t h e  b a s i s  f o r  a  p r e s e l e c t i o n  t e s t  f o r  v i r u s  r e -  
s i s t a n c e ,  b e c a u s e  p e t i o l s  a r e  v e r y  e a s y  t o  h a n d l e ,  d o  n o t  r e q u i r e  
t i m e - c o n s u m i n g  w a s h i n g s  a s  r o o t s  d o  a n d  t h e  p l a n t s  c a n b e  s a v e d  
w i t h  a  m i n i m u m  o f  i n j u r y  f o r  f u r t h e r  b r e e d i n g .  S e a s o n a l  d i f f e r e n -  
c e s  i n  t h e  r e s u l t s  o f  o u r  t e s t s  s u g g e s t  t h a t  s u s c e p t i b i l i t y  t o  
r i z o m a n i a  i s  n o t  t h e  o n l y  p a r a m e t e r  w h i c h  i n f l u e n c e s  t h e  s p r e a d  
o f  t h e  v i r u s  i n  a  p l a n t .  T e m p e r a t u r e  a n d  p e r h a p s  l i g h t  may a l s o  
p l a y  a n  i m p o r t a n t  r o l e .  A c a r e f u l  i n v e s t i g a t i o n  a n d  s t a n d a r d i z a -  
i o n  o f  t h e s e  p a r a m e t e r s  i s  n e c e s s a r y  b e f o r e  t h e  t e s t  c a n  b e  p a s s e d  
o n  t o  t h e  b r e e d e r s .  

I n t r o d u c t i o n  

U n d e r  n a t u r a l  c o n d i t i o n s  b e e t  n e c r o t i c  y e l l o w  v e i n  v i r u s  (BNYVV) i s  
t r a n s m i t t e d  f r o m  s u g a r b e e t  r o o t s  t o  s u g a r b e e t  r o o t s  by  m e a n s  o f  t h e  
v e c t o r  P o l y m y x a  b e t a e  ( T a m a d a ,  1 9 7 5 ) .  F o r  s c i e n t i f i c  a s  w e l l  a s  f o r  
s o m e  p r a c t i c a l  p u r p o s e s  t h e  m e c h a n i c a l  i n o c u l a t i o n  o f  s u g a r b e e t  
r o o t s  w i t h  BNYVV o f f e r s  a  n u m b e r  o f  a d v a n t a g e s .  T h e  b e h a v i o u r  o f  
i s o l a t e s  w i t h  d i f f e r e n t  RNA c o m p o s i t i o n s  a n d  o f  m u t a n t s  w h i c h  may 
n o t  b e  t r a n s m i s s i b l e  b y  t h e  v e c t o r  c a n  e a s i l y  b e  s t u d i e d .  A l s o ,  t h e  
t i m e  o f  i n o c u l a t i o n  i s  e x a c t l y  d e f i n e d  a n d  t h e r e  i s  o n l y  o n e  i n o c u -  
l a t i o n  e v e n t  w h i c h  i s  e s p e c i a l l y  i m p o r t a n t  i n  s t u d i e s  o n  t h e  t r a n s -  
l o c a t i o n  o f  t h e  v i r u s .  F o r  b r e e d i n g  p u r p o s e s  i t  i s  i m p o r t a n t  t h a t  
t h e  v i r u s  r e s i s t a n c e  c a n  b e  c l e a r l y  d i s t i n g u i s h e d  f r o m  v e c t o r  r e s i -  
s t a n c e .  I n  p r e v i o u s  s t u d i e s  u s i n g  m e c h a n i c a l  i n o c u l a t i o n  we f o u n d  
t h a t  i s o l a t e s  w h i c h  c o n t a i n  i n t a c t  R N A  3  a n d  4 a r e  s p r e a d i n g  m o r e  
r e a d i l y  i n  t h e  r o o t  s y s t e m  t h a n  i s o l a t e s  w i t h  p a r t i a l l y  d e l e t e d  R N A  
3 a n d  4 o r  i s o l a t e s  w h i c h  l a c k  t h e s e  s m a l l  R N A s  a l t o g e t h e r  ( K o e n i g  
a n d  B u r g e r m e i s t e r ,  1 9 8 9 ;  K o e n i g  a n d  E h l e r s ,  1 9 8 9 ) .  We a l s o  f o u n d  
t h a t  t h e  s p r e a d  o f  t h e  v i r u s  i s  m o r e  e f f i c i e n t  i n  h i g h l y  s u s c e p t i b l e  
t h a n  i n  p a r t i a l l y  r e s i s t a n t  v a r i e t i e s  ( K o e n i g  a n d  E h l e r s ,  1 9 8 9 ) .  I n  
s u c h  s t u d i e s  we a l s o  o f t e n  o b s e r v e d  s y s t e m i c  s y m p t o m s  i n  t h e  f i r s t  
t w o  o r  t h r e e  l e a f  p a i r s ,  e s p e c i a l l y  i n  h i g h l y  s u s c e p t i b l e  c u l t i v a r s  
( K o e n i g  a n d  S t e i n ,  u n p u b l i s h e d ) .  L e a v e s  w h i c h  w e r e  f o r m e d  l a t e r  r a r e -  /- 

l y  s h o w e d  s y s t e m i c  s y m p t o m s .  We h a v e  c h e c k e d  t h e s e  p h e n o m e n a  i n  m o r e  
d e t a i l  now w i t h  t h e  a i m s  o f  g e t t i n g  m o r e  i n f o r m a t i o n  o n  t h e  m e c h a n i s m  
o f  r e s i s t a n c e  a n d  o f  p o s s i b l y  d e v e l o p p i n g  a  p r e s e l e c t i o n  t e s t  f o r  
p a r t i a l l y  r e s i s t a n t  s u g a r b e e t  c u l t i v a r s .  

M a t e r i a l s  a n d  M e t h o d s  

S e e d s  , o f  s u g a r b e e t  c u l t i v a r s  w i t h  d i f f e r e n t  d e g r e e s  o f  r i z o m a n i a  
s u s c e p t i b i l i t y  w e r e  k i n d l y  p r o v i d e d  b y  G e r m a n  b r e e d e r s  (KWS, E i n b e c k ;  
D i e c k m a n n f S t r u b e  N i e n s t a d t ,  S c h o n i n g e n ) .  S e v e r a l  m e a n s  o f  i n t r o -  
d u c i n g  t h e  v i r u s  i n t o  s e e d l i n g  r o o t s  w e r e  t r i e d ,  e .  g .  r u b b i n g ,  



p r i c k i n g  w i t h  g l a s s . w o o 1 ,  v o r t e x i n g  e t c .  T h e  b e s t  r e s u l t s  w e r e  o b -  
t a i n e d  when y o u n g  s e e d l i n g s  ( 1 5  a t  a  t i m e )  w e r e  p l a c e d  i n  a  g l a s s  
c e n t r i f u g e  t u b e ,  d i a m e t e r  c .  2 . 3  cm, t o g e t h e r  w i t h  3  m l  i n o c u l a t i o n  
m i x  c o n t a i n i n g  0 . 0 9  g  c a r b o r u n d u m  a n d  w e r e  v o r t e x e d  f o r  1 m i n u t e  
( V o r t e x  G e n i e  ZTM, s p e e d  s e t t i n g  6 t o  7 ) .  T h e  i n o c u l a t i o n  m i x  c o n -  
s i s t e d  o f  1 v o l u m e  o f  s a p  f r o m  l e a v e s  o f  T e t r a g o n i a  e x p a n s a  w h i c h  
w e r e  h e a v i l y  i n f e c t e d  w i t h  a n  i s o l a t e  o f  BNYVV h a v i n g  i n t a c t  RNAs 
1, 2 ,  3  a n d  4 a n d  o f  3  v o l u m e s  o f  0 . 0 5  M  s o d i u m  p h o s p h a t e  b u f f e r  pH 
7 . 2 .  A f t e r  v o r t e x i n g  t h e  p l a n t s  w e r e  l e f t  f o r  5  m i n u t e s  i n  t h e  i n o -  
c u l a t i o n  m i x  a n d  w e r e  t h e n  p l a n t e d  i n t o  a  2 : l  m i x t u r e  o f  s o i l  (TKS 1 )  
a n d  s a n d .  E L I S A  was d o n e  a s  d e s c r i b e d  b y  C l a r k  a n d  Adams ( 1 9 7 7 ) .  

R e s u l t s  

T h e  o p t i m a l  a g e  f o r  s e e d l i n g  i n o c u l a t i o n  was 6 t o  9  d a y s .  A t  t h a t  
t i m e  t h e  s e e d l i n g s  h a d  f u l l y  d e v e l o p p e d  c o t y l e d o n s  b u t  n o  t r u e  
l e a v e s .  S e e d l i n g s  o l d e r  t h a n  1 2  d a y s  n e v e r  became i n f e c t e d .  

I n  a t t e m p t s  t o  d e t e r m i n e  t h e  m i n i m u m  t i m e  n e c e s s a r y  f o r  a  p r e s e l e c -  
t i o n  t e s t  we c h e c k e d  t h e  v i r u s  c o n c e n t r a t i o n s  i n  d i f f e r e n t  p a r t s  o f  
t h e  p l a n t s  a t  v a r i o u s  t i m e s  a f t e r  i n o c u l a t i o n .  C o t y l e d o n s  w h i c h  w e r e  
t e s t e d  2  w e e k s  a f t e r  i n o c u l a t i o n  ( F i g .  l a )  h a d  a  h i g h  v i r u s  c o n t e n t  
i n  s u s c e p t i b l e  a s  w e l l  a s  p a r t i a l l y  r e s i s t a n t  c u l t i v a r s .  Y o u n g  l e a v e s  
a n d  p e t i o l e s  t e s t e d  3  w e e k s  a f t e r  i n o c u l a t i o n  h a d  a  s o m e w h a t  l o w e r  
v i r u s  c o n t e n t  i n  t h e  p a r t i a l l y  r e s i s t a n t  t h a n  i n  t h e  h i g h l y  s u s c e p -  
t i b l e  c u l t i v a r s ,  b u t  t h e  d i f f e r e n c e s  w e r e  n o t  v e r y  p r o n o u n c e d  ( F i g .  
l b ) .  Two m o n t h s  a f t e r  i n o c u l a t i o n  we o b s e r v e d  p r o n o u n c e d  d i f f e r e n c e s  
i n  t h e  v i r u s  c o n c e n t r a t i o n  i n  h i g h l y  s u s c e p t i b l e  a n d  p a r t i a l l y  r e s i -  
s t a n t  c u l t i v a r s  e s p e c i a l l y  i n  t a p  a n d  s i d e  r o o t s  a n d  i n  t h e  p e t i o l e s  
o f  t h e  y o u n g e s t  f u l l y  d e v e l o p p e d  l e a v e s .  L e s s  p r o n o u n c e d  d i f f e r e n c e s  
w e r e  o b s e r v e d  i n  t h e  v i r u s  c o n c e n t r a t i o n s  i n  l e a v e s  a n d  h y p o c o t y l s  
( F i g .  l c ) .  I n  a n o t h e r  e x p e r i m e n t  we c o m p a r e d  6 w e e k s  a f t e r  i n o c u l a -  
t i o n  t h e  v i r u s  c o n c e n t r a t i o n s  i n  p e t i o l e s  o f  t h e  f i r s t ,  s e c o n d  a n d  
t h i r d  l e a f  p a i r  o f  p l a n t l e t s  b e l o n g i n g  t o  4 c u l t i v a r s  w i t h  d i f f e r e n t  
d e g r e e s  o f  r e s i s t a n c e  t o  BNYVV. A  c l e a r  c o r r e l a t i o n  b e t w e e n  v i r u s  
c o n t e n t  a n d  s u s c e p t i b i l i t y  was f o u n d  w i t h  t h e  p e t i o l e s  o f  t h e  t h i r d ,  
b u t  n o t  o f  t h e  f i r s t  o r  s e c o n d  l e a f  p a i r  ( F i g .  I d ) .  S u c h  a  c o r r e l a -  
t i o n  was s t i l l  d e t e c t e d  i n  p e t i o l e s  o f  y o u n g  l e a v e s  3  m o n t h s  a f t e r  
i n o c u l a t i o n ,  b u t  a t  t h a t  t i m e  v i r u s  c o n c e n t r a t i o n s  o n  t h e  w h o l e  h a d  
become v e r y  l o w  ( F i g .  l e ) .  

C o n c l u s i o n s  

I t  i s  e v i d e n t  f r o m  o u r  e x p e r i m e n t s  t h a t  t h e  m e c h a n i c a l  i n o c u l a t i o n  
o f  s e e d l i n g s  b y  means  o f  t h e  v o r t e x i n g  m e t h o d  r e s u l t s  n o t  o n l y  i n  
r o o t  i n f e c t i o n s  ( K o e n i g  a n d  B u r g e r m e i s t e r ,  1 9 8 9 ;  K o e n i g  a n d  E h l e r s ,  
1 9 8 9 )  b u t  a l s o  i n  a  l i m i t e d  s p r e a d  o f  t h e  v i r u s  i n  t h e  u p p e r  p a r t s  
o f  t h e  p l a n t s  w h i c h  a t  t h e  t i m e  o f  i n o c u l a t i o n  h a d  n o t  y e t  b e e n  d e v e -  
l o p p e d .  T h i s  s p r e a d  i s  a p p a r e n t l y  m o r e  e f f i c i e n t  i n  h i g h l y  s u s c e p t i b l e  
t h a n  i n  p a r t i a l l y  r e s i s t a n t  c u l t i v a r s .  A  c o r r e l a t i o n  b e t w e e n  t h e  e f f i -  
c i e n c y  o f  v i r u s  s p r e a d  a n d  r i z o m a n i a  s u s c e p t i b i l i t y  h a d  p r e v i o u s l y  
a l s o  b e e n  o b s e r v e d  i n  r o o t s  w h i c h  w e r e  e i t h e r  i n o c u l a t e d  m e c h a n i c a l l y  
( K o e n i g  a n d  E h l e r s ,  1 9 8 9 )  o r  b y  means  o f  t h e  v e c t o r  P o l y m y x a  b e t a e  
( e . g .  B u r k y  a n d  B u t t n e r ,  1 9 8 8 ;  C a s a r i n i  C a m a n g i  a n d  C a n o v a ,  1 9 8 8 ;  
P o g g i  P o l l i n i  a n d  G u i n c h e d i ,  1 9 8 9 )  a n d  i n  l o c a l  l e s i o n s  o n  s u g a r b e e t  
l e a v e s  ( G r a s s i  e t  a l . ,  1 9 8 8 ) .  

T h e  r e s u l t s  o f  o u r  e x p e r i m e n t s  s u g g e s t  t h a t  m e a s u r e m e n t s  o f  t h e  v i r u s  
c o n c e n t r a t i o n  i n  t h e  p e t i o l s  o f  t h e  t h i r d  o r  p o s s i b l y  a  l a t e r  l e a f  
p a i r  o f  m e c h a n i c a l l y  i n o c u l a t e d  p l a n t l e t s  c o u l d  f o r m  t h e  b a s i s  f o r  a  
p r e s e l e c t i o n  t e s t  f o r  r i z o m a n i a  r e s i s t a n c e .  As c o m p a r e d  w i t h  r o o t s  



p e t i o l s  o f f e r  a  number o f  a d v a n t a g e s :  t h e y  a r e  e a s i e r  t o  h a n d l e  t h a n  
r o o t s ,  t h e y  do n o t  r e q u i r e  t i m e - c o n s u m i n g  w a s h i n g s  and i n t e r e s t i n g  
p l a n t s  can  be  s a v e d  w i t h  a  minimum o f  i n j u r y  f o r  f u r t h e r  b r e e d i n g .  

The s u s c e p t i b i l i t y  o f  a  c u l t i v a r  t o  r i z o m a n i a ,  h o w e v e r ,  i s  n o t  t h e  
o n l y  p a r a m e t e r  which  i n f l u e n c e s  t h e  s p r e a d  o f  t h e  v i r u s  i n  t h e  p l a n t .  
I n  a d d i t i o n  t o  t h e  R N A  c o m p o s i t i o n  o f  t h e  v i r u s  i s o l a t e  u s e d  f o r  i n o -  
c u l a t i o n  ( K o e n i g  and  E h l e r s ,  1 9 8 9 )  a p p a r e n t l y  a l s o  o t h e r  p a r a m e t e r s  
s u c h  a s  t e m p e r a t u r e  and  p e r h a p s  l i g h t  p l a y  an i m p o r t a n t  r o l e  i n  t h e  
s p r e a d  o f  t h e  v i r u s .  The e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  p a p e r  w e r e  
done  i n  t h e  w i n t e r  months  when t h e  g r e e n h o u s e  t e m p e r a t u r e s  w e r e  a r o u n d  
22O C .  I n  a  r e c e n t  e x p e r i m e n t  which  was s t a r t e d  i n  summer when t h e  
t e m p e r a t u r e s  i n  t h e  g r e e n h o u s e  w e r e  be tween  25  and 30' C t h e  p l a n t s  
showed u n u s u a l l y  s t r o n g  l e a f  symptoms and  many o f  them w e r e  s e v e r e l y  
s t u n t e d  e v e n  i n  t h e  m o s t  r e s i s t a n t  c u l t i v a r  1. The v i r u s  c o n t e n t  i n  
a l l  p l a n t s  was v e r y  h i g h  and  s e v e n  weeks  a f t e r  i n o c u l a t i o n  t h e  d i f f e -  
r e n t i a t i o n  b e t w e e n  c u l t i v a r s  on t h e  b a s i s  o f  v i r u s  c o n t e n t  i n  t h e  
p e t i o l s  was much l e s s  c l e a r  t h a n  i n  F i g s .  l c ,  I d  and  l e .  T h u s ,  b e f o r e  
a  p r e s e l e c t i o n  t e s t  c a n  be o f f e r e d  t o  t h e  b r e e d e r s  f u r t h e r  r e s e a r c h  
w i l l  be n e c e s s a r y  i n  o r d e r  t o  d e f i n e  t h e  o p t i m a l  g r o w i n g  c o n d i t i o n s  
f o r  t h e  p l a n t s  a f t e r  m e c h a n i c a l  i n o c u l a t i o n .  

T h i s  work was p a r t i a l l y  s u p p o r t e d  by t h e  G e m e i n s c h a f t  z u r  F o r d e r u n g  
d e r  p r i v a t e n  d e u t s c h e n  l a n d w i r t s c h a f t l i c h e n  P f l a n z e n z u c h t u n g  e .V.  
(BMFT g r a n t  A 1 3 / 8 6  ZK).  
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Youngest fully 
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Sugar-beet transformation for rhizomania resistance 

Coat protein-mediated protection has thus far been proven to successfully protect 
against virus infection in the case of 8 virus-host combinations. As a first step towards the 
obtention of sugar-beet resistant to rhizomania, we have investigated whether engineered 
BNWV coat protein protection could be extended to sugar-beet using protoplasts as a 
model system. 

Transformed sugar-beet suspension cultures were obtained after co-cultivation of 
sugar-beet cells with Agrobacterium tumefaciens harbouring a binary vector containing the 
coat protein gene of BNWV inserted between the kanamycin resistance gene and a B- 
glucuronidase reporter gene. Protoplasts were isolated from untransformed and 
transformed cells expressing the viral coat protein and both were infected with BNWV. 
Comparison of the levels of infectivity shows that the expression of the coat protein gene 
in sugar-beet protoplasts mediates high levels of protection against infection by BNWV. 

In parallel, transformation methods for sugar-beet have been worked out. 

Transformed sugar-beet,expressing the BNYW coat-protein gene specifically in the 
roots,have been obtained. Whether the coat protein mediated protection observed in 
protoplasts will also be effective in the plants,w~ll now be assessed. 
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POTATO MOP-TOP V I R U S .  D E T E C T I O N  AND D I A G N O S I S  

Sandgren, Maria 

Swedish University of Agricultural Sciences, Department of 
Plant and Forest Protection, P. 0. Box 7044 5-750 07 Uppsala. 

Summary 

An investigationof incidence of potato mop-top virus in Sweden 
was made during 1986-1989. Methods to detect the virus in 
field soil and soil adhered to the potato tubers was examined. 

Introduction 

Spraing symptoms in potato tubers caused by potato mop-top 
virus (PMTV) has been known in Sweden since 1985 (RydBn et al, 
1986). This is a serious disease for the production of table- 
and seed potatoes. The virus is transmitted by the powdery 
scab fungus (Spongospora subterranea), whose cystosori are 
able to survive for more than a decade in the field (Jones & 
Harrison, 1969, Jones & Harrison, 1972). As the virus is 
carried inside the fungal spore it also survives there and 
when the disease once is established it has to be a risk 
whenever a sensitive host is grown later in the same field. 

Materials and results 

An investigati0.n of the occurrence of PMTV in soil samples 
from potato fields, mainly from the south of Sweden, was 
carried out during 1986-1989 (RydBn et al. 1989a). The results 
of the survey showed PMTV to be fairly common in areas of 
contract cultivations of potato. Of 376 soil samples, 
representing 104 farms, PMTV was found in 72 samples (19%). 
originating from 45% of the farms. The survey was done with 
the bait plant method. 

PMTV was detected in 20 of 48 (42%) soil samples collected 
during potato grading (RydBn et al, 1989b). This "grading 
soil" method seems to be of value in the diagnostic work. 
Compared to the ordinary soil sampling with a probe in the 
field, collecting soil adhering to the tubers have advantages 
and a larger part of the field will thus be represented. 
Probably a more reliable detection of the incidence of PMTV 
will be achieved by the "grading soil". but it has to be 
tested by samles from the same field, taken at the same time 
with each method. Powdery scab spores that might contain virus 
will fall of infected tubers during grading in a riddle and 
the "grading soil" contain no clumps and are nearly dry and 
therefore easy to handle. We continue our work in 1990, 
testing the important seed producing areas in the north of 
Sweden with this method. Preliminary. 40 tested samples have 
been negative ~rith respect to P m V .  

We have also detected PMTV in the "washing water" from 
potatoes by growing small bait plants in it. There is, 
however, a risk that these plants become infected by other 
pathogens and therefore evaporation of the "washing water" in 
advance and/or antibiotics often are necessary. 



Further investigations 

Ultrathin sections of PMTV-infected tissue from 
Chenopodium quinoa and C. amaranticolor and systemically 
infected bait plant leaves of Nicotiana benthamiana and N. 
debneyi are now being studied in the electron microscope. We 
will continue the ultrastructural studies with tubers and 
roots of potato and also tobacco using the immunogold 
technique. 
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PRELIMINARY ANALYSIS OF THE R N A  OF POTATO MOP-TOP VIRUS 

K.P. S c o t t ,  B. Reavy and B . D .  Ha r r i son  

S c o t t i s h  Crop Research I n s t i t u t e ,  Inve rgowr ie ,  Dundee DD2 5DA, U . K .  

SUMMARY 
The rod-shapecl p a r t i c l e s  of t h e  T  s t r a i n  of p o t a t o  mop-top v i r u s  
have commonest l e n g t h s  of 250-300 nm and 100-150 nm, and con ta in  
e i t h e r  RNA-1 (6 .4  k b ) ,  RNA-2 ( 3 . 0  kb)  o r  RNA-3 ( 2 . 5  kb ) .  RNA-2 of 
s t r a i n  R was about 0 . 3  kb s m a l l e r  t han  t h a t  of s t r a i n  T. 
Hybr id i za t ion  t e s t s  w i th  cDNA probes showed t h a t  RNA-2 is no t  
de r ived  from RNA-1 and t h a t  RNA-3 is no t  de r ived  from RNA-2. The 
main product  of i n  v i t r o  t r a n s l a t i o n  o f  u n f r a c t i o n a t e d  PMTV RNA i n  
a  r e t i c u l o c y t e  l y s a t e  system was a  po lypep t ide  of M r  c . 20 ,000 ,  
s i m i l a r  t o  t h a t  of t he  v i r u s  coa t  p r o t e i n .  RNA-2 c o n t a i n s  t he  
coa t  p r o t e i n  [:ene. 

INTRODUCTION 

About twenty yea r s  have e l apsed  s i n c e  t h e  p a r t i c l e s  and p r o p e r t i e s  of p o t a t o  
mopytop v i r u s  (PMTV) were d e s c r i b e d  (Har r i son  & J o n e s ,  1970) ,  i t s  dependence 
on f l u c t u a t i n g  tempera tures  f o r  t he  i nduc t ion  o f  brown a r c s  i n  t h e  f l e s h  of 
t u b e r s  of s e n s i t i v e  p o t a t o  c u l t i v a r s  was r e p o r t e d  (Har r i son  & J o n e s ,  1 9 7 1 ) ,  
and evidence  was ob ta ined  of i t s  t r ansmis s ion  by the  plasmodiophoromycete 
fungus,  Spongospora s u b t e r r a n e a  ( J o n e s  & H a r r i s o n ,  1969).  Fu r the r  
c h a r a c t e r i s a t i o n  of t he  v i r u s  has been handicapped by t h e  low c o n c e n t r a t i o n  
and f r a g i l i t y  of PMTV p a r t i c l e s  i n  t i s s u e  e x t r a c t s  from even the  b e s t  
exper imenta l  h o s t s .  However, t h e  p a r t i c l e s  were found t o  con ta in  i n f e c t i v e  
RNA (Har r i son  & Jones ,  1970) and a  p r o t e i n  o f  M r  c . 20 ,000  (Randles  g . ,  
1976) .  I n  a d d i t i o n ,  t e s t s  wi th  po lyc lona l  a n t i s e r a  d e t e c t e d  a  d i s t a n t  
r e l a t i o n s h i p  t o  tobacco mosaic v i r u s  (Kassan i s  g &., 1972) and a  c l o s e r  
one t o  so i l -bo rne  wheat mosaic v i r u s  (Randles  5 &. , 1976) .  Recen t ly ,  PMTV 
has  a t t r a c t e d  renewed i n t e r e s t  because of t h e  i n c r e a s i n g  damage i t  has 
caused i n  c rops  of a  few p o t a t o  c u l t i v a r s  t h a t  a r e  widely grown f o r  
p roces s ing  i n  Northern Europe (Ryden a &., 1989) .  I n i t i a l  r e s u l t s  from 
new s t u d i e s  on the  v i r u s  a r e  desc r ibed  below and by Torrance  ( t h i s  
volume ) . 

RESULTS A N D  DISCUSSION 

P r o p e r t i e s  o f  P M T V X  

P a r t i c l e s  of s t r a i n  T  of PMTV were p u r i f i e d  from e x t r a c t s  of l e a v e s  of 
N ico t i ana  benthamiana and N, debneyi  by a  mod i f i ca t ion  (L.  Tor rance ,  
pe r sona l  communicntion). of t h e  method of Randles &. (1976) .  The 
p repa ra t ions  con ta ined  rod-shaped p a r t i c l e s  of a  range of l e n g t h s  but  t he  
R N A  e x t r a c t e d  from t h e s e  p a r t i c l e s  by a  phenol-cresol  procedure was found t o  
con ta in  t h r e e  p r i n c i p a l  components by e l e c t r o p h o r e s i s  i n  1.2% agarose  g e l .  
The s i z e s  of t hese  molecules  were e s t i m a t e d ,  by r e f e r e n c e  t o  tobacco mosaic 
v i r u s  RNA and Esche r i ch i a  coli r ibosomal  RNA, t o  be 6 . 4  kb (RNA-I), 3.0 kb 
(RNA-2) and 2 .5  kb (RNA-3). These f i g u r e s  p a r a l l e l  those  r epo r t ed  by 
Kal lender  g &. (1990) .  RNA of PMTV s t r a i n  R, examined by t h e  same method, 
had a  s m a l l e r  RNA-2 ( 2 . 7  kb)  bu t  RNA-1 and RNA-3 o f  s i z e s  s i m i l a r  t o  t hose  
of s t r a i n  T. 

When u n f r a c t i o n a t e d  PMTV A was t r a n s l a t e d  i n  a  r a b b i t  r e t i c u l o c y t e  
l y s a t e  system s u p p l i e d  wi th  'S-methionine. a  range of v i r u s - s p e c i f i c  



products  were made, t h e  l a r g e s t  of M r  >100,000. The main product  was of 
Mr c .20 .000 ,  s i m i l a r  t o  t h a t  of PMTV coa t  p r o t e i n  (Randles  5 &., 1976) .  

PMTV cDNA 

A random-primed PMTV cDNA l i b r a r y  was made i n  lambda ZAPII phage. 
One of t h e  pBluesc r ip t  plasmids r e l e a s e d  by i n  v ivo e x c i s i o n  conta ined an 
80 bp i n s e r t  which, when used t o  probe PMTV RNA, r e a c t e d  wi th  RNA-2 but  
not  R N A - 1  o r  RNA-3. Th i s  i n s e r t  was a l s o  used' t o  s c reen  t h e  cDNA l i b r a r y  
and the reby  t o  s e l e c t  a  f u r t h e r  s e t  of c l o n e s ,  t he  l a r g e s t  of which (Tb2) 
had an i n s e r t  of 2 .3  kb. Th i s  i n s e r t  r e a c t e d  i n  Northern b l o t s  wi th  PMTV 
RNA-2 but  no t  wi th  t he  o t h e r  two RNA s p e c i e s ,  showing t h a t  RNA-2 i s  not  
de r ived  from R N A - 1  and t h a t  RNA-3 i s  no t  de r ived  from RNA-2. 

I n  f u r t h e r  t e s t s  t he  lambda expres s ion  l i b r a r y  was sc reened ,  f o r  
f u s i o n  p r o t e i n s  c o n t a i n i n g  e p i t o p e s  from PMTV c o a t  p r o t e i n ,  by exposing 
p laque b l o t s  t o  a  mixture  of fou r  monoclonal a n t i b o d i e s  prepared t o  PMTV 
p a r t i c l e s  (Tor rance ,  t h i s  volume ) .  Antibody binding was d e t e c t e d  by 
exposure t o  goat  anti-mouse g l o b u l i n / a l k a l i n e  phosphatase  con juga te  and 
then t o  NBT/BCIP ( p - n i t r o  b lue  t e t r a z o l i u m  chloride/5-bromo-4-chloro-3- 
indoylphosphate  p - t o l u i d i n e  s a l t )  s u b s t r a t e .  Obvious pu rp l e  s p o t s  were 
ob ta ined  and s e v e r a l  of t h e  corresponding phage c lones  were plaque- 
p u r i f i e d .  One c lone  (C21) con ta ined  a  sequence of 500 bp which a l s o  
occurred  i n  RNA-2, showing t h a t  t h e  PMTV c o a t  p r o t e i n  gene i s  i n  t h i s  
genome segment. The r e s u l t s  of Northern b l o t t i n g ,  r e s t r i c t i o n  
endonuclease mapping and nuc leo t ide  sequencing i n d i c a t e d  t h a t  t h e  C21 
sequence i s  conta ined i n  Tb2, towards i t s  c e n t r e .  F u r t h e r  sequencing i s  
i n  p rog res s  t o  de termine  t h e  s t r u c t u r e  of RNA-2 and t h e  arrangement o f  
open r ead ing  frames w i t h i n  i t .  

The r e s u l t s  ob ta ined  t o  d a t e  show t h a t  PMTV d i f f e r s ,  from 
tobamoviruses and resembles  f u r o v i r u s e s  i n  having a  m u l t i p a r t i t e  RNA 
genome, wi th  t h e  c o a t  p r o t e i n  gene being i n  t h e  second l a r g e s t  RNA 
segment,  a s  we l l  a s  i n  having a  funga l  v e c t o r .  These f i n d i n g s ,  taken 
t o g e t h e r  w i th  t h e  s t r o n g  s e r o l o g i c a l  , r e l a t i o n s h i p  between PMTV and s o i l i  
borne wheat mosaic f u r o v i r u s ,  r e i n f o r c e  t h e  evidence  t h a t  PMTV should  be 
considered  a  d e f i n i t i v e  f u r o v i r u s .  

We thank M . A .  Mayo f o r  h e l p  wi th  t h e  i n  v i t r o  t r a n s l a t i o n  work. K.P. 
S c o t t  i s  a  Pos tg radua te  S tuden t  of t h e  Department of A g r i c u l t u r e  and 
F i s h e r i e s  f o r  S c o t l a n d .  
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Summary 

Analyses by polyacrylamide gel electrophoresis indicated that potato mop-top virus particles 
contain a single polypeptide with an estimated molecular weight of 19.1 Kd and three ss-RNAs of 
6.5, 3.2 and 2.5 Kb, respectively. Infected, but not healthy, leaves of Nicotiana benthamiana and 
N. debneyi contained a ds-RNA of 3.2 Kbp and, in lower concentrations, two ds-RNAs of 6.5 and 
2.4 Kbp. The M, of the capsid polypeptide and the number and sizes of the viral ss-RNAs provide 
additional evidence for the inclusion of PMTV in the furovirus group. 

Introduction 

When the furovirus group was recognised by the International Committee on the Taxonomy of 
Viruses as a separate taxon (Brown, 1989), potato mop-top virus (PMTV) was included as a 
definite member mainly on the basis of its transmission by the plasmodiophorid fungus Spongospora 
subterrmea and having rod-shaped particles c. 20 nm wide and of two modal lengths of c. 125 and 
290 nm (Kassanis, Woods and White, 1972; Roberts and Harrison, 1979). Virus-infection 
significantly decreases the yield and quality of susceptible potato cultivars in Northern and Central 
Europe, the Andean region of South America, Africa, Israel, Japan and possibly also in other 
countries in which S. subterrmea occurs (Harrison and Jones, 1970; Jones, 1988). There is much 
recent information on the molecular organisation and replication strategies of other furoviruses 
such as wheat soil-borne mosaic (Shirako and Brakke, 1984a, b; Hsu and Brakke, 1985a, b; Shirako 
and Ehara, 1986), peanut clump (Reddy et al., 1985; Mayo and Reddy, 1985) and sorghum 
chlorotic spot (Kendall, Langenberg and Lomrnel, 1989), and of possible furoviruses including beet 
necrotic yellow vein (Steven et aL, 1981; Bouzoubaa et al., 1985,1986 and 1987; Ziegler et al., 1985, 
1989) and Nicotiana velutina mosaic (Randles and Rohde, 1990). Despite its similarities to these 
viruses and its considerable economic importance, the particle components of PMTV have long 
remained uncharacterised. We report here that PMTV particles contain a single capsid 
polypeptide and three ss-RNAs which correspond to three ds-RNAs extracted from infected plants, 
results which provide additional support for the inclusion of the virus in the furovirus group. 

Materials and Methods 

All plants were grown in glasshouses maintained at 16-22"C, with natural light being supplemented 
as required to an 18 hr photoperiod with mercury vapour lamps. Isolate T of PMTV, kindly 
supplied by the late P. Massalski (Scottish Crop Research Institute, Invergowrie, Dundee, Scotland) 
was usually propagated in Nicotiana benthamima seedlings in which it induced chlorosis and 
distortion of systemically infected leaves; it was, however, occasionally propagated in N. debneyi 
plants in which, under our conditions, it sporadically induced only mild symptoms. 

PMTV was purified from N. benthamiana (Kallender, Buck and Brunt, 1990) by slight modification 



of the procedure used for the purification of beet necrotic yellow vein virus (Putz and Kuszala, 
1978). 

The molecular weight of the capsid protein was determined by discontinuous polyacrylamide gel 
electrophoresis as described by Laemmli (1970). Nucleic acid released from particles (Kallender, 
Buck and Brunt,'1990) was analysed under denaturing conditions in 1% agarose gels containing 
10 mM methymercuric hydroxide as described by Bailey and Davidson (1976), using tobacco 
mosaic virus RNA (6.4 Kb) and red clover necrotic mosaic &ius RNA-1 (4.0 Kb) and RNA-2 
(1.4 Kb) as size standards. 

Double-stranded RNA was obtained by extracting total RNA from systemically infected 
N. benthamiana plants (Taylor and Powell, 1982) and removing ss-RNA by precipitation with 2M 
LiCl (Baltimore, 1966). The ds-RNA was jhen precipitated from the solution by incubation at 
-70°C for 1 hr after the addition of 0.1 vol. of 3M sodium acetate, 0.1 vol. isopropanol and 10 
pg/ml of tRNA, collected by centrifugation, dried under vacuum and resuspended in sterile 
distilled water. It was analysed in 5% polyacrylamide gels (Bozarth and Harley, 1976) by co- 
electrophoresis with ds-RNA size standards from Penicillium stoloniferurn and ~ s ~ e r ~ i l l u s  foetidus 
viruses (Bozarth and Harley, 1976; Buck and Ratti, 1977). 

Results . 

Components of Virus Particles 

i. Capsid protein. Only a single polypeptide was detected in virus preparations by PAGE. Its 
' 

size, estimated from three determinations, was found to be 19,100 daltons. 

ii. Nucleic acid. Nucleic acid extracted from particles was completely digested by incubating 
preparations for 30 min at 37°C with ribonuclease A (1 p/ml) in 10 mM tris-HC1 at pH 8.0, 
results indicating that the particles contain ss-RNA. 

. Analysis by PAGE showed that the RNA preparations contained three ss-RNAs in near 
equimolar amounts of 6.5, 3.2 and 2.5 Kb. 

Double-Stranded RNA from Infected Plants 

Three double-stranded RNAs were extracted from infected, but not healthy, N. bentharniana and 
N. debneyi plants and had sizes of 6.5,3.2 and 2.4 Kbp respectively; the 3.2 kbp ds-RNA was always 
present in the highest concentration. The nucleic acids were shown to be double-stranded RNAs 
by their resistance to DNase 1, and their resistance to ribonuclease A in high salt but susceptibility 
in low molar saline sodium citrate buffer (Buck et al., 1971). 

Discussion 

Members of the furovirus group characteristically have bipartite ss-RNA genomes (Brown, 1989; 
Brunt and Richards, 1989). RNA-1 and RNA-2 of wheat soil-borne mosaic virus (WSBMV), the 
type member of the group, are 6.5-6.9 Kb and 3.5 Kb, (Shirako and Brakke, 1984a; Shirako and 
Ehara, 1986) although deleted forms (2.1-2.4 Kb) of RNA-2 also occur in cultures of the virus 
maintained in plants at 15-17°C (Shirako and Brakke, 1984% b; Hsu and Brakke, 1985a, b; Shirako 
and Ehara, 1986). The sizes of the two larger RNAs of PMTV (6.5 and 3.2 Kb) are very similar 
to those of WSBMV, and the smallest (2.5 Kb) is comparable to deleted forms of its RNA-2. The 
genomic RNAs of PMTV are of similar sizes also to those of other definite furoviruses such as 



10 1 

peanut clump (Reddy et aL, 1985) and sorghum chlorotic spot (Kendall et al., 1989). 

The estimated size of the single capsid polypeptide of PMTV is similar to that reported previously 
(Kassanis et d, 1972; Randles et al., 1976), and comparable with values reported for other definite 
and possible furoviruses (Brunt and Richards, 1989). 

Our preliminary results thus provide additional evidence for the inclusion of PMTV in the 
furovirus group. However, the genomic components of the virus now need to be further 
characterised, and their sequence, organisation and expression determined. 
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Summary 

Monoclonal a n t i b o d i e s  (MAbs) s p e c i f i c  f o r  p o t a t o  mop-top f u r o v i r u s  (PMTV) have been 
produced. They d e t e c t e d  n ine  PMTV i s o l a t e s  from f i v e  c o u n t r i e s  i n  enzyme-linked 
immunosorbent assay (ELISA). The a n t i b o d i e s  were l a b e l l e d  wi th  b i o t i n ,  and an ELISA 
i n c o r p o r a t i n g  b i o t i n - l a b e l l e d  and u n l a b e l l e d  a n t i b o d i e s  was developed f o r  r o u t i n e  
v i r u s  t e s t i n g .  
P r e p a r a t i o n s  of PMTV c o a t  p r o t e i n  produced one band of approximate M r  22,500 a f t e r  
e l e c t r o p h o r e s i s  i n  polyacrylamide g e l s  and s t a i n i n g  wi th  Coomassie b lue .  However, 
a f t e r  s i l v e r  s t a i n i n g  some a d d i t i o n a l  bands were seen (approx.  M r  21,000 & 25 ,000) .  A l l  
of  t h e  MAbs r e a c t e d  wi th  t h e  22.5K band ( t h e  p u t a t i v e  c o a t  p r o t e i n ) ,  and most of t he  
MAbs a l s o  r e a c t e d  wi th  t h e  o t h e r  bands i n  immunoblott ing t e s t s .  The na tu re  of t he  e x t r a  
bands i s  u n c e r t a i n  but one i s  probably  a  degraded form of t h e  c o a t  p r o t e i n .  
E lec t ron  microscope se ro logy  wi th  MAbs SCR 68 and SCR 69 showed t h a t  SCR 69 coated  the  
f u l l  l e n g t h  o f  t h e  v i r u s  p a r t i c l e s  whereas SCR 68 d i d  no t  seem t o  c o a t  t he  p a r t i c l e s .  
Immunogold l a b e l l i n g  r e v e a l e d  t h a t  SCR 68 was s p e c i f i c  f o r  an ep i tope  a t  one ex t r emi ty  
of t h e  p a r t i c l e s .  

P o t a t o  mop t o p  f u r o v i r u s  (PMTV) i s  t r a n s m i t t e d  by Spongospora s u b t e r r a n e a .  I t  causes  
brown a r c s  and r i n g s  i n  t h e  f l e s h  of t ube r s  of s e n s i t i v e  p o t a t o  c u l t i v a r s  and t h e s e  can 
be confused wi th  t h e  symptoms of tobacco r a t t l e  v i r u s  ( J o n e s ,  1988) .  PMTV occurs  i n  t h e  
Andean r eg ion  of South  America, Nor thern  and Western Europe and Japan.  I n  t h e  l a s t  few 
yea r s  t h e r e  have been s e r i o u s  outbreaks  of PMTV i n  p o t a t o  c rops  i n  Scandinavia  and 
Finland (Kurppa, 1990; Ryden g &., 1989) .  Supp l i e s  of s p e c i f i c  a n t i s e r a  t o  PMTV a r e  
s c a r c e  and f o r  want of a  more r e l i a b l e  procedure  most d i agnos i s  has been based on v i s u a l  
symptoms i n  t h e  t u b e r s .  However, s a t i s f a c t o r y  r e s u l t s  have been ob ta ined  r e c e n t l y  
us ing ELISA t o  t e s t  e x t r a c t s  of t u b e r  f l e s h  and s p r o u t s  (Kurppa, 1990) .  

A S c o t t i s h  i s o l a t e  of PMTV (PMTV-T) was p u r i f i e d  by a  mod i f i ca t ion  of t he  method of 
Randles g &. (1976)  and both  po lyc lona l  and monoclonal (MAb) a n t i b o d i e s  were produced 
( L .  Torrance ,  unpubl ished r e s u l t s ) .  Four ou t  of t h e  t e n  MAbs i n v e s t i g a t e d  r e a c t e d  i n  
i n d i r e c t  ELISA where v i r u s  a n t i g e n  was t r apped  on m i c r o t i t r e  p l a t e s  by po lyc lona l  
a n t i b o d i e s .  A l l  f o u r  r e a d i l y  d e t e c t e d  n ine  PMTV i s o l a t e s  from Sco t l and ,  Northern 
I r e l a n d ,  Sweden, Fin land and Denmark. An a s say  f o r  PMTV was dev i sed  u t i l i s i n g  MAb SCR 
68 t o  c o a t  m i c r o t i t r e  p l a t e s ,  b i o t i n - l a b e l l e d  MAb SCR 69 a s  d e t e c t i n g  ant ibody and a  
s t r e p t a v i d i n - a l k a l i n e  phosphatase  conjugate  t o  r e v e a l  t h e  bound b i o t i n - l a b e l l e d  MAb. 
Th i s  assay r e l i a b l y  d e t e c t e d  PMTV i n  l e a f  s ap  of both  p o t a t o  and Nico t i ana  
benthamiana. 

Usual ly  only one band of approximate M r  22 ,500 was seen a f t e r  PMTV-T coat  p r o t e i n  
p r e p a r a t i o n s  were s u b j e c t e d  t o  e l e c t r o p h o r e s i s  i n  polyacrylamide  g e l s  (PAGE) and 
s t a i n e d  wi th  Coomassie b lue .  However, when t h e  geLs were s i l v e r  s t a i n e d  some 
a d d i t i o n a l  bands were seen (approximate  M r  21,000 and 25,000) .  When t h e  bands were 
t r a n s f e r r e d  e l e c t r o p h o r e t i c a l l y  t o  n i t r o c e l l u l o s e  membrane and then r e a c t e d  with the  
MAbs ( immunoblots) ,  a l l  t e n  MAbs r e a c t e d  wi th  t h e  22.5K band and most of t h e  MAbs a l s o  
r e a c t e d  wi th  t h e  o t h e r  two. The 25K and 22K bands were exc i sed  from t h e  g e l  and t r e a t e d  
wi th  cyanogen bromide then s e p a r a t e d  i n  16.5% PAGE (Nikodem & Fresco ,  1979) .  The 
p roduc t s  of C N B r  t r ea tmen t  sugges ted  some homology between t h e  two bands.  

The n a t u r e  of t h e  d i f f e r e n t  bands i s  u n c e r t a i n  a t  p r e s e n t .  The 21K p r o t e i n  i s  probably 
a  deg rada t ion  product  of t h e  v i r u s  c o a t  p r o t e i n  a s  t r ea tmen t  of t he  p a r t i c l e s  of another  
PMTV i s o l a t e  ( R )  w i th  t r y p s i n  causes  convers ion of t h e  22.5K t o  t h e  21K form ( L . G .  
P e r e i r a  & L. Torrance ,  unpubl ished r e s u l t s ) .  The 25K band may r e s u l t  f r ~ m  a  read-  
through of t he  c o a t  p r o t e i n  t e rmina t ion  codon a s  occurs  wi th  so i l -bo rne  wheat mosaic 
v i r u s  (Brakke & Langenberg, 1987) .  A l t e r n a t i v e l y ,  bo th  t h e  22.5K and 21K bands may be 
degradat ion  products  of t h e  25K band. 



I n  e l e c t r o n  microscope se ro logy  t e s t s ,  PMTV p a r t i c l e s  were t rapped on e l e c t r o n  
microscope g r i d s  which had been p rev ious ly  coa ted  with e i t h e r  MAb SCR 68 o r  69. I n  
a d d i t i o n ,  SCR 69 coated the  f u l l  l eng th  of  the  p a r t i c l e s  t h i c k l y  and evenly whereas SCR 
68 and SCR 70 d i d  no t  seem t o  c o a t  t he  p a r t i c l e s .  A f t e r  l a b e l l i n g  SCR 68 with 10 nm gold 
p a r t i c l e s  ( I . M .  Roberts & L .  Torrance ,  unpublished r e s u l t s ) ,  t e s t s  showed t h a t  SCR 68 
r e a c t e d  wi th  an e p i t o p e  which was p resen t  a t  only one ex t r emi ty  of  t he  p a r t i c l e s .  

Therefore  the  r e s u l t s  of t he  d i f f e r e n t  t e s t s  i n d i c a t e  t h a t  MAbs SCR 68,  69 and 70 r e a c t  
with t h r e e  d i s t i n c t  e p i t o p e s  on PMTV p a r t i c l e s .  Fu r the r  work is  i n  progress  t o  
determine t h e  n a t u r e  of  t h e  t h r e e  bands found i n  t h e  c o a t  p r o t e i n  p r e p a r a t i o n s  and t o  
i n v e s t i g a t e  t h e  r e a c t i v i t i e s  of t he  o t h e r  MAbs. 
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Summary 

Comparative studies of twenty-three isolates of barley yellow mosaic 
virus (BaYMV) collected at various localities in Japan revealed 
presence of six strains with characteristic pathogenicities to 
differential barley cultivars. The incidence of the BaYMV strains 
showed regional variations, and appeared to be related to the 
cultivation of different types of barley. The six BaYMV strains were 
serologically indistinguishable and unrelated to barley mild mosaic 
virus from West Germany (BaMMV-M). Two BaMMV isolates newly collected 
at different localities in Japan were different from the six BaYMV 
strains but similar to BaMMV-M in their pathogenicities to cvs. 
Ishukushirazu and Haganemugi. They differed from each other in their 
pathogenicities to cv. Misato Golden and in their serological relation 
to BaMMV-MI suggesting that they are different strains of BaMMV. 
Comparative sequence analysis of the BaYMV strains is in progress. 

Characterization of Japanese strains of barley yellow mosaic virus 

Barley yellow mosaic virus (BaYMV), transmitted by the fungus Polymyxa 
graminis, is the most widespread and economically important virus of 
winter barley in Japan. It causes particularly serious damage to two- 
rowed barley crops. In the absence of suitable chemical control of the 
virus or its vector, use of cultivar resistance is the only practical 
means to avoid damage caused by the virus. In the last decade, several 
two-rowed barley cultivars resistant to BaYMV have been developed. 
Misato Golden, Mikamo Golden, Nishino Gold and Kinu Yutaka inherit a 
resistance gene Yml from a Chinese six-rowed cultivar, Mokusekko 3. 
Ishukushirazu inherits a gene ym3 from a Japanese six-rowed cultivar, 
Haganemugi. Their success was dramatic in eradicating BaYMV from the 
crops in some barley-growing areas. However, the occurrence of BaYMV 
in Misato Golden was observed in 1984 at one site and thereafter at 
three other sites. Characterization of BaYMV strains with different 
pathogenicities is thus required. 

The sap inoculation tests of twenty-three BaYMV isolates collected at 
various localities in Japan revealed significant differences in their 
pathogenicities to barley cultivars (Table 1) (Kashiwazaki & aJ., 
19898). On the basis of their pathogenicities to selected two-rowed 
barley cultivars, they are grouped into three types, I, I1 and 111. 
Type I is separated into three subtypes, 1-1, 1-2 and 1-3, based on 
their pathogenicities to two six-rowed barley cultivars, Kashimamugi 
(hulled) and Joshushiro Hadaka (naked). Type I1 is also divided into 



two subtypes, 11-1 and 11-2, based on their pathogenicities to 
Kashimamugi. The data suggest presence of six strains (pathotypes) of 
BaYMV in Japan. Strain I11 is remarkable for its pathogenicity to 
Misato Golden. Barley mild mosaic virus from West Germany (BaMMV-M) 
(Huth 6 aJ., 1984) differs from the six BaYMV strains in its 
pathogenicity to Ishukushirazu and Haganemugi which are resistant to 
all the six BaYMV strains. 

Table ,I. Differential reactions of barley cultivars to BaYMV and BaMMV 
isolates by sap inoculation (Kashiwazaki et al., 1989a) 

BaYMV BaMMV 
Barley cultivar 1-1 1-2 1-3 11-1 11-2 I11 M 

Two-rowed 
New Golden +a) + + + + + + 
Haruna Nijo + + + - - + + 
Misato Golden (Yml) - - - - - + + 
Ishukushirazu (ym3) - - - - - - + 

Six-rowed 
Tosan Kawa 73 + + + + + + + 
Kashimamugi - + + - + + - 
Joshushiro Hadaka - - + - - - + 
Mokusekko 3 (Yml) - - - - - - - 
Haganemugi (ym3) - - - - - - + 

a) Letters indicate infected ( + )  or not infected ( - ) .  

Table 2. Comparison of the properties of BaYMV and BaMMV isolates 
(Kashiwazaki et al., 1989a) 

BaYMV BaMMV 
I- 1 1-2 1-3 11-1 11-2 I11 M 

Capsid protein - 

~ r ( x l 0 ~ )  3 3 33 33 3 3 33 32 3 1 

Serological reaction 
Ant-11-1 1280~) 1280 1280 1280 1280 1280 <10 
Ant-I11 1280 1280 1280 1280 1280 1280 <10 
Ant-M < 10 <10 <10 <10 <10 <10 640 

a) Figures are reciprocals of dilution end points of respective 
antis.eta with positive reaction in complement-fixation tests. 



Some properties of the six BaYMV strains and BaMMV-M are presented in 
Table 2. Strain I11 is somewhat different from five other strains in 
the Mr of its capsid protein. Strain 11-1 also slightly differs from 
others in the Mr of RNA-2. The six BaYMV strains are serologically 
indistinguishable and unrelated to BaMMV-M. In the absence of specific 
antisera to the BaYMV strains, the use of differential barley 
cultivars is the only means available for their diagnosis. 

The incidence of the BaYMV strains showed regional variations, and 
appeared to be related to the cultivation of different types of 
barley. Strain 1-1, for example, occurred in the areas where the 
planting of two-rowed barley is common. It did not infect most six- 
rowed barley cultivars tested by sap inoculation. Likewise, strains I- 
2 and 1-3 showed clear correlation to the planting of six-rowed hulled 
and naked barley, respectively. 

According to the latest field survey at various localities in Japan, 
Kashimamugi had BaYMV infection only in the areas where six-rowed 
hulled barley, especially Kashimamugi, has long been planted. In 
contrast, Joshushiro Hadaka had BaYMV infection only in the areas 
where six-rowed naked barley has long been planted. Neither 
Kashimamugi nor Joshushiro Hadaka had BaYMV infection in the areas 
where two-rowed barley has long been grown. Therefore, the 
distribution of three major strains, 1-1, 1-2 and 1-3, in barley- 
growing areas in Japan was confirmed based on the cultivar reactions 
in the fields. 

In the fields where Misato Golden had BaYMV infection, the virus 
occurred in this cultivar at the first planting. This suggests that 
the virus which infects Misato Golden had been present in the fields 
before this cultivar was introduced. Fortunately, the incidence of 
BaYMV in Misato Golden has so far been limited in the four sites. 
Moreover, in Misato Golden, the symptoms caused by BaYMV were mild and 
the yield reduction due to the virus was less than 10%. 

Occurrence of barley mild mosaic virus in Japan 

BaMMV has been identified in several European countries, but there are 
no reports of similar viruses outside Europe (Huth 8 Adams, 1990). In 
1987, the occurrence of yellow mosaic symptoms in Ishukushirazu was 
first observed at two sites in Japan, from where BaMMV was obtained.' 
The two BaMMV isolates, one (Kal) from Ishukushirazu and the other 
(Nal) from Kinu Yutaka, have been partially characterized (manuscript 
in preparation). 

The two isolates infected Ishukushirazu and Haganemugi by sap 
inoculation as did BaMMV-M. Nal infected Misato Golden, whereas Kal 
did not. In agar gel diffusion tests, Kal, Nal and BaMMV-M reacted 
with antisera against Kal and BaMMV-M, but did not with antisera 
against BaYMV strains 11-1 or 111. With antisera against Kal and 
BaMMV-M, both Kal and BaMMV-M spurred over Nal, but no spur was 
observed between Kal and BaMMV-M. The data suggest that Kal and Nal 
are different strains of BaMMV. 

In the field from where Nal was obtained, all the BaYMV-resistant two- 



rowed barley cultivars which inherit Yml or ym3 had BaMMV infection. 
BaYMV occurred in susceptible barley cultivars in this field. The 
barley plants naturally infected with BaMMV developed very mild 
symptoms in- spring later than the appearance of symptoms in the plants 
infected with BaYMV. 

The occurrence of BaMMV has so far been confirmed only at the two 
sites, although a great number of barley samples collected at various 
localities have been examined by ELISA. It seems therefore likely that 
the incidence of BaMMV is at present limited in Japan. 

Comparative sequence analysis of BaYMV strains 

The BaYMV genome consists of two single-stranded RNA species, RNA-1 
and RNA-2, which contain poly (A) tails at the 3' termini (Usugi g& 
aJ., 1989; Kashiwazaki & aJ., 1989b). It seems possible to 
differentiate the BaYMV strains by hybridization with specific cDNA or 
oligonucleotide probes. 

A cDNA library has been constructed for the genome of BaYMV strain II- 
1 (Kashiwazaki et al., 1989b). The complete sequences of RNA-1 and 
RNA-2 of this strain have been determined. RNA-1 encodes a single 270K 
polyprotein in which the capsid protein is mapped at the carboxy 
terminus by protein sequencing (Kashiwazaki et aJ., 1989b). This 270K 
protein contains three other regions which share significant amino 
acid homologies with the NIb polymerase, NIa proteinase and 
cytoplasmic inclusion proteins of potyviruses. RNA-1 may therefore 
play a major role in replication of the virus. RNA-2 also encodes a 
single 98K protein which contain a region corresponding to the helper 
component proteinase of potyviruses. 

The cDNA libraries of strains 1-1 and I11 have been constructed, and 
their sequence analysis and hybridization experiments are in progress. 
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Resistance t o  barlev vellow mosaic virus and t o  barlev mi ld  
mosaic v l rus I n  barley. 

Barley yellow mosaic virus (BaYMV) and barley mild mosaic virus (BaMMV) cause 
severe diseases in winter barley in western Europe.ln France,high-yielding cvs resistant to the 
common strain of BaYMV (BaYMV1) and to BaMMV have been developed in the last ten years. These 
resistant cvs.however.do not have sufficient brewery qualities. More recently,the existence of 
other strains or pathotypes,named collectively BaYMV2,which infect cvs resistant to BaYMVl ,is a 
major threat to barley crops. The aim of this paper is to specify which are the areas where the 
BaYMV1-BaMMV have been detected,and to indicate how the BaYMVp-contaminated surface areas 
have progressed in the last few years in France. In addition,results on the behaviour of barley 
towards the BaYMV-BaMMV complex and the vector of these two viruses are reported. 

Materials and m e w s  
BaMMV was ELISA-detected.Two antisera were used:one kindly provided by Dr. HUTH 

(Braunschweig RFA) and our own antiserum which has been more recently prepared. Plant extracts 
were diluted 10 times in a citrate buffer pH 7 + 0.5 urea. A French isolate of BaMMV (from cv 
Magie,Reims) was maintained in a growth chamber at 17%. BaMMV inoculum was prepared as 
follows: young leaves with clear mosaic symptoms were grinded in a phosphate buffer 0.04 M pH 7 
at 4°C. Leaf extracts were immediately inoculated to 24 plants per cv. After being inoculated twice 
by finger,the plants were kept for 20 days,and the presence of the virus detected by 
ELISA.BaYMV(pathotypesland2) was only ELISA-detected with an antiserum (supplied also by Dr. 
HUTH) under the same conditions as for BaMMV. A BaYMV isolate was considered as BaYMV2,when it 
had infected barley cvs resistant to BaYMV1. Susceptibility to Polymyxa graminis was measured 
through the quantity of cystosori produced on barley roots. The quantity of cystosori from plants 
grown in a growth chamber was estimated by the surface of contaminated roots. Roots of field plants 
were obtained by gently washing soil samples of approximately 20 X 20 X 20 cm. Cystosori were 
counted after their partial purification.Thel0p filter residue was resuspended in one ml of sterile 
water.The cystosori in two samples of one pI were counted under a dissecting microscope.The 
concentration of cvstosori from a sam~le  of about 10 Dlants was calculated for one Dlant. 

Results 
1.Distribution o f  BaYMV1 and BaMMV i n  France. 
The BaYMV1-BaMMV complex was present in most of the French departments where winter barley 
is grown. In the areas reclaimed from the Ocean (Poitou-Charentes region),the complex was 
observed less than ten years after the land was first sown with barley. However,the viral complex 
was not detected in all of France.especially in Brittany whose soil and cultivation conditions,at least 
locally,promote the expression of the two viruses.BaYMV2 was detected in all barley-growing 
areas,although few fields have been found contaminated until now. However,the number of infected 
fields is rapidly increasing (Tabl.l).BaYMVp was frequently observed as from the first cropping of 
a BaYMV1-resistant cv,which implies the simultaneous presence of BaYMV1. 
2. BaMMV presence i n  fields already contaminated by BaYMV2. 
BaYMV has been detected in two fields which had previously been infected by 
BaYMV2.BaYMV1-suceptible and -resistant barley cultivars were sampled at three differents 
stages of development on one of the two fields located near Reims (Tabl.2, I to Il).ln all of the 
cultivars sampled.BaMMV was never detected in the absence of BaYMV2. The presence of BaMMV was 
observed for the three sampling dates in most of the BaYMV1 -suceptible cultivars,with a large 
number of plants being infected. BaMMV was absent or detected less frequently in 
BaYMV1 -resistant cultivars. 
3. Barley suscept ib i l i ty  t o  mechanical inoculat ion wi th BaMMV. 
Numerous barley cultivars which,in the field were susceptible to BaYMV-BaMMV complex were 
susceptible to mechanical inoculation of BaMMV,whereas most cultivars resistant to the complex in 
the field were also resistant to mechanical inoculation of BaMMV. A few local French cultivars have 
the latter type of behaviour (Ile de RB,HPtif de Grignon.Marne). It is also the case for cvs for which 
the genetic basis of resistance is not known (cv Bison). However,several barley cvs which are 
resistant to the BaYMV-BaMMV complex in the field,have been found susceptible to mechanical 
inoculation of BaMMV : Comanche,Marianne,Margot,Friberga,L5 351.J6 180.3. 



For all these cvs the rate of mechanical transmission was high, although less than one (Tabl.3.1). 
Lastly,some cultivars which were susceptible in the field,appeared to be either very difficult to 
inoculate with BaMMV (Vixen) or resistant (Acton,Flamenco, Huron) (Tabl.3.11). 
4. Measurement o f  product ion o f  P-graminis cys tosor i  b y  var ious 
bar ley cvs. 

a.Plants grown under controlled conditions.Among 37 barley germ-plasm none was 
found to be totally resistant to P.graminis . The production of cystosori was , however, clearly 
different between cvs in three independent experiments. In cv Plana, J1-487,Margot and WS IA 
very few cystosori were found compared with the high numbers found in four barley lines from FRG 
(Giessen),a line from Japan (J5.1723) and two cvs (Viola,Express). Barley cvs for which 
production of cystosori was the highest were field resistant to the viral complex,whereas the cv 
Plana was susceptible to both viruses. 

b. Field infected plants.Few lines or cvs with distinct susceptibility to P. graminis in 
growth chamber were tested for their cystosori content in field infected plants. The less susceptible 
germplasms (cv Plana,Jl-487) showed a good correlation with their susceptibility in growth 
chamber. But for most cystosori productive germplasms (Mo 26.J4-1248) discrepant results 
were obtained(Tabl.4). 

C o n c l u s i o n  
BaYMVl and BaMMV are widely distributed in France and contrary to the observations made in GB 
and FRG.both viruses were present simultaneously in almost all the fields surveyed. 
However,plants carrying only one virus species could be found in the different fields infested by the 
viral complex. It remains unclear why the BaYMV and BaMMV are absent in the western France 
whereas it is present in other french regions with smaller acreages of winter barley.The number of 
fields carrying BaYMV2 have rapidly been increased in France since 1989 as in FRG. This lead to 
total inversion of BaYMVl and BaYMV2 inoculums in soil if no BaYMVp-resistant cvs are released 
in the next few years. For 2 out of 16 fields surveyed,the association of BaMMV with BaYMV2,not 
exclusively in cvs susceptible to BaYMVl ,may be explained either by the presence of another strain 
of BaMMV or by a synergism between particular strains of BaMMV and BaYMV. Resistance to 
mechanical inoculation of BaMMV is considered as a good marker of the "Ragusa" type of field 
resistance to the BaYMV1-BaMMV complex. As it is shown by Adams & al., 1988 and Huth & Adams 
1990,we found that the field susceptibility to the viral complex is not always associated with 
mechanical susceptibility to BaMMV. But specific susceptibility of these cvs to soil infection by 
BaMMV remains to be demonstrated. On the other hand, those response to mechanical inoculation of 
BaMMV need to be more studied for this virus.Field resistant cvs which are susceptible to 
mechanical inoculation of BaMMV probably carry another gene than those of the "Ragusa" type,and 
may be compared to French winter wheat which are field resistant to wheat soil born mosaic 
virus(WSBMV). The roots of these wheat cvs are infected by WSBMV,but there is no transportation 
of this virus to the leaves (Hariri & al., 1987). No resistance to the production of P. graminis 
cystosori was found in 24 barley cvs resistant to BaYMVl and BaMMV. The same result has been 
obtained in Japan ( Kashiwasaki et al., 1989),the resistance to P. graminis is probably very rare 
or absent in the species Hordeum sativum . For the cv Plana,only a few cystosori is sufficient to 
ensure that infection by the viral complex occurs. The high production of cystosori by cvs resistant 
to BaMMV and BaYMV1,which are widely developped,is favourable to the dissemination of the less 
frequent strains of BaYMV. 
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Tabl.1 Fields where a strain of BaYMV (BaYMV 2) was 
detected In barley cvs reslstant to BaYMV 1. 
(a)From Dr.HUTH (personal communication) 
(b)From Dr. MAROQUIN (personal communication) 

1987 

? 

? 

1  

0  

I .  Barley cultivars resistant to BaYMV 1  (Samples of 10 plants per cv) 
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0 0 0 0 0 0 0  
1 0 0 0 0 0 0  

1 0 1 0 2 0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0  

5 9 5 5 0 0 0  

7 5 4 3 5 6 0 0  
- 0 3  

0  8  

i n  field plants 

BaMMV 

Feb. Mar. Apr. 
0  0  0 -  

0 0 0 0  

3 0 0 0  
0 0 0 0  

4 0 0 0  
- 0 0 -  
- 0 0 -  

0  
0 0 0 0  

5 4 0 0 0  

3 0 0 0  

- 0 0 -  
- 0 0 -  

infected with 

1989 

+ 

+ 

4  

0  

1990 

+ 

> 50 (a) 

> 26 

1  (b) 



Tabl.3 Susceptibility of different barley cvs t o  mechanical inoculation 
of BaMMV. 

Cultivars 

axwo€ 
FRIBERGA 
MARIANNE 
WmOT 

Tab.4 COMPARAISON OF CYSTOSORI PRODUCTION IN BARLEY 
CULTIVATED IN THE FIELD OR IN A GROWTH CHAMBER 
(1) Counted from 10 p1 filter residue 

Fleld susceptibility 
FRNJc€ JAPON RFA 

(BaYMV+BaMMV) 
R 
R R 
R 
R 

Lines or cvs 

Plana 
J1 487 
Ile de RB 

Barberousse 
Classica 
Vixen 

Sentinel 
MD 10 
Magie 
Acton 
Marne 
L 550 
Birgit 

112 Hatif Tourettes 
JS 1723 

Bison 
J4 1248 
Express 
Mo 26 

O/O of BaMMV infectiod 
(Mechanical ~noculation) 

7 0 
3 0 
6 2 
2 5 

F i e l d - c u l t i v a t e d  
plants 

number of cystosori 
per plant (1) 

8 0 
130 
140 
150 
180 
180 
180 
280 
290 
320 
490 
670 
730 

2060 
2240 
2380 
4560 
14790 
16860 

Growth chamber 
cultivated plant 

visual estimation of 
cystosori 

1 
1 
2 
2 
3 
2 
1 
2 
2 
2 
2 
2 
3 
2 
4 
2 
2 
4 
2 
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Bar ley  i n f e c t i n g  so i l - bo rne  v i ruses  have been i s o l a t e d  i n  1978 f o r  t h e  f i r s t  t ime  i n  
Europe (Huth und Lesemann. 1978). The i s o l a t e d  v i ruses  were c a l l e d  b a r l e y  y e l l o w  
mosaic v i r u s  (BaYMV) because a t  l e a s t  some p a r t i c l e s  i n  crude p l a n t  sap as w e l l  as i n  
p u r i f i e d  v i r u s  samples reac ted  w i t h  an ant iserum of a  BaYMV i s o l a t e  from Japan. 
L a t e r  i t  became ev iden t  t h a t  two d i f f e r e n t  b a r l e y - i n f e c t i n g  so i l - bo rne  v i ruses  occur  
i n  Europe (Huth, Lesemann und Paul. 1983) which d i f f e r  i n  some o f  t h e i r  b i o l o g i c a l ,  
s e r o l o g i c a l  and p h y s i c a l  p r o p e r t i e s  (Huth. 1989). The v i r u s  which d i d  n o t  r e a c t  w i t h  
the  BaYMV ant iserum has now been namend b a r l e y  m i l d  mosaic v i r u s  (BaMMV) (Huth and 
Adams. 1990). 

D i s t r i b u t i o n  o f  BaYMV and BaMMV i n  Germany 

BaYMV and BaMMV are common i n  severa l  European* c o u n t r i e s  (e.g. Adams e t  al.. 1987 . 
Proese le r  e t  a l .  1984). A t  l e a s t  i n  Germany both  belong t o  be t h e  most impor tan t  
pathogens o f  w i n t e r  ba r ley .  Since t h e i r  f i r s t  d i scove ry  a t  t h r e e  d i f f e r e n t  p laces 
they  have been spread t o  most reg ions i n  Germany (Huth. 1991). Usua l l y  n o t  o n l y  s i n g l e  
f i e l d s  b u t  l a r g e  areas a re  a l ready  t o t a l l y  i n f e s t e d  by these v i ruses .  The m a j o r i t y  o f  
t he  i n f e s t e d  areas are  found i n  t h e  reg ions o f  Lower Saxony. Nor th rh ine -Wes t fa l i a  and 
Hessia. 
P l a n t s  may be i n f e c t e d  e i t h e r  by one o f  t h e  v i ruses  separa te l y  o r  by both  s imu l ta -  
neously. The r a t e  o f  i n f e c t i o n s  by BaYMV and BaMMV has been compared d u r i n g  t h e  pas t  
f i v e  years (Table 1). Only t h e  r e s u l t s  o f  p l a n t  m a t e r i a l  i s  l i s t e d  which has been c o l -  
l e c t e d  by members o f  t h e  adv i so ry  s e r v i c e  s t a t i o n s  and was sent  f o r  examinat ions t o  
t h e  B i o l o g i c a l  Research S t a t i o n  i n  Braunschweig. From both  v i ruses  BaYMV i s  obv ious l y  

Tab le  1  
Frequency o f  BaYMV and BaMMV i n  t h e  former Federal  Republ ic  o f  Germany 

number mi xed i n f e c t .  by 
t e s t e d  BaYMV BaMMV BaYMV + BaMMV 
p l a n t s  no. % no. % no. % 

more w ide l y  spread than BaMMV. On the  average more than 50% o f  t h e  t e s t e d  p l a n t s  were 
i n f e c t e d  by BaYMV a lone and n e a r l y  one t h i r d  o f  a l l  t e s t e d  p l a n t s  were i n  a d d i t i o n  
i n f e c t e d  by BaMMV. On t h e  c o n t r a r y  t h e  percentage of p l a n t s  i n f e c t e d  o n l y  by BaMMV 
decreased and e s p e c i a l l y  d u r i n g  t h e  pas t  t h r e e  years on l y  few p l a n t s  were found t o  be 
i n f e c t e d  by BaMMV alone. Obviously,  BaYMV spread more e f f e c t i v e l y  and a l s o  those 
f i e l d s  became i n f e s t e d  which e a r l i e r  have been i n f e s t e d  by BaMMV only.  

Appearance o f  a  second s t r a i n  o f  BaYMV i n  Germany 

I n  o rde r  t o  avo id  y i e l d  losses by BaYMVIBaMMV i n f e c t i o n s .  farmers have p re fe red  f o r  
severa l  years now t o  grow b a r l e y  c u l t i v a r s  which do n o t  become in fec ted.  These 
c u l t i v a r s  may be c a l l e d  t o  be immune accord ing t o  the  d e f i n i t i o n  o f  Cooper and Jones 
(1983). On those f i e l d s  where immune c u l t i v a r s  have been grown we have i s o l a t e d  a  
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new t ype  o f  BaYMV. BaYMV-2 (Huth. 1989). Th is  v i r u s  i s o l a t e  can n o t  be d i s t i n g u i s h e d  
from t h e  common European and Japanese BaYMV i s o l a t e s  on t h e  bas i s  o f  morphology 
(Lesemann, pers. communic.) nor by means o f  p o l y c l o n a l  an t i bod ies  nor by a l l  those 
monoclonal an t i bod ies  prepared so fa r  (Vet ten,  unpubl. data).  It i s  d i s t i n g u i s h a b l e  
o n l y  by t h e  range o f  c u l t i v a r s  which a re  o r  are  n o t  i n fec ted .  L i k e  BaYMV a l s o  BaYMV-2 
i s  s e r o l o g i c a l l y  un re la ted  t o  BaMMV. 
BaYMV-2 was f i r s t  i d e n t i f i e d  i n  1988 i n  t h r e e  d i f f e r e n t  reg ions  i n  Germany and a l s o  
i n  a  b a r l e y  sample from England (Huth, 1989). Since then i n  Germany i t  has been found 
a l ready  on more than 50 f i e l d s .  Some f i e l d s  became a l ready  t o t a l l y  i n f e s t e d  by t h i s  
v i r u s ,  b u t  i n  most f i e l d s  o n l y  few p l o t s  sometimes sma l l e r  than one squaremeter i n d i -  
ca te  i t s  occurrence. It seems l i k e l y  t h a t  BaYMV-2 l i k e  t h e  o t h e r  b a r l e y  i n f e c t i n g  
so i l - bo rne  v i ruses  w i l l  c o n t i n i o u s l y  spread i n  t h e  f u t u r e  and w i l l  l i k e  BaYMV/BaMMV 
become a  t h r e a t  t o  t h e  European a g r i c u l t u r e  . 
BaYMV-2 has been detected o n l y  on f i e l d s  which a re  known t o  be i n f e s t e d  by t h e  common 
BaYMV/BaMMV and on which e x c l u s i v e l y  b a r l e y  c u l t i v a r s  r e s i s t a n t  t o  them have been 
p lan ted  f o r  severa l  years t o  prevent  y i e l d  losses. From t h e  pr imary  occurrence o f  
BaYMV-2 on smal l  p l o t s  i n  such f i e l d s  i t  may be concluded t h a t  t h e  BaYMV/BaMMV suscep- 
t i b l e  c u l t i v a r s  grown be fo re  a re  r a t h e r  i n e f f i c i e n t  propagat ion hosts  o f  t he  s t r a i n ;  
i n  those BaYMV/BaMMV s u s c e p t i b l e  c u l t i v a r s .  e s p e c i a l l y  when s i m u l t a n i o u s l y  i n f e c t e d  by 
BaYMV o r  BaMMV, t h e  propagat ion o f  BaYMV-2 may be suppressed. BaYMV-2 i s  a  ve ry  i n s t a -  
b l e  v i r u s  which obv ious l y  i s  t r a n s m i s s i b l e  mechanica l ly  w i t h  d i f f i c u l t y  on ly .  Using 
t h e  method o f  F r i e d t  (1983) l e s s  than 1% o f  t he  i nocu la ted  b a r l e y  p l a n t s  became 
in fec ted .  

Resistance t o  BaYMV-2 

The occurrence o f  s t r a i n s  o f  BaYMV i s  n o t  unusual ly .  H a r i r i  e t  a l .  (1990) r e p o r t  i n  
t h i s -  volume on t h e  occurrence o f  i s o l a t e s  i n  France and Belgium w i t h  p r o p e r t i e s  which 
obv ious l y  a re  comparable w i t h  them o f  t h e  German i s o l a t e .  I n  Japan, a l ready  s i x  d i f f e -  
r e n t  s t r a i n s  o f  BaYMV have been descr ibed (Kashiwazaki e t  al.. 1989). L i k e  the  Euro- 
pean 'BaYMV i s o l a t e s  a l s o  t h e  Japanese s t r a i n s  a re  d i f f e r e n t i a t e d  by t h e i r  hos t  
c u l t i v a r s  only.  
I n  Europe t h e  d e v i a t i n g  BaYMV s t r a i n  appeared spontaneously i n  severa l  c o u n t r i e s  a t  
n e a r l y  t h e  same t ime. Even i f  t h e r e  a re  p r e s e n t l y  no i n d i c a t i o n s .  t h e  ex i s tence  o f  
f u r t h e r  s t r a i n s  o f  BaYMV i n  Europe can n o t  be excluded. Comparative i n v e s t i g a t i o n s  
need. t o  be s ta r ted .  
Future  b a r l e y  breed ing programms should be aimed t o  p r o t e c t  t h i s  c rop  aga ins t  BaYMV-2. 
The i d e n t i f i c a t i o n  o f  s u i t a b l e  sources o f  r e s i s t a n c e  t o  BaYMV-2 w i l l  be one o f  t h e  
most impor tan t  tasks. None o f  t he  Europeaen commercial b a r l e y  c u l t i v a r s  i s  r e s i s t a n t  
t o  BaYMV-2. 
More than 200 l i n e s  and c u l t i v a r s  o f  b a r l e y  from severa l  gene banks have been screened 
f o r  t h e i r  behav iour  on BaYMV-2 i n f e s t e d  f i e l d s .  A l l  these samples a re  o r i g i n a t e d  from 
East-Asia and were p r e v i o u s l y  se lec ted  f o r  t h e i r  r e s i s t a n c e  t o  both  BaYMV and BaMMV 
(Huth. 1985). Seeds o f  these samples were p l a n t e d  i n  f i e l d s  o f  two d i s t i n c t  reg ions  
south o f  Braunschweig, Lower Saxony, and c l o s e  t o  Paderborn. Nor thrh ine-Wets fa l ia .  re-  
s p e c t i v e l y ,  which a re  homogeneously i n f e s t e d  by a l l  BaYMV. BaMMV and BaYMV-2. The re -  
s u l t s  were the  same i n  bo th  reg ions;  a l l t o g e t h e r  116 l i n e s / c u l t i v a r s  remained v i r u s -  
f r e e  when the screen ing was done v i s u a l l y  and by ELISA us ing  BaYMV ant iserum (Huth, 
1991). These se lec ted  l i n e s / c u l t i v a r s  obv ious l y  are  no hosts  o f  t h i s  v i r u s  and t h e  
q u a l i t y  o f  t h e i r  r e s i s t a n c e  may be comparable w i t h  t h a t  t o  BaYMV/BaMMV; they  appeare 
t o  be immune t o  a l l  t h r e e  v i ruses .  One o f  these c u l t i v a r s  i s  Mokusekko 3  which i s  re -  
s i s t a n t  t o  a l l  o f  t he  s i x  Japanese BaYMV s t r a i n s  t o o  (Kashiwazaki e t  a l ,  1989). 
A l l  o f  t h e  European c u l t i v a r s  w i t h  immunity t o  BaYMV and BaMMV used i n  t he  t e s t  became 
i n f e c t e d  by BaYMV-2. A l so  Ragusa which has been found t o  be immune t o  BaYMV and BaMMV 
was s u s c e p t i b l e  t o  BaYMV-2. Because Ragusa probably  was the  donor o f  t he  BaYMV/BaMMV 
r e s i s t a n c e  gene (Huth. 1985). t he  l a c k  o f  r e s i s t a n c e  t o  BaYMV-2 i n  t h e  European 
c u l t i v a r s  t o  BaYMV-2 can be exp la ined.  
D i f f e r e n c e s  i n  t h e  gene t i cs  of t h e  res i s tances  o f  European c u l t i v a r s  and Mokusekko-3, 
r e s p e c t i v e l y ,  have been repea ted l y  repo r ted  (e.g. F r i e d t ,  1989). For t h e  f i r s t  one a  
recess ive gene has been descr ibed t o  be respons ib le ,  f o r  t he  second one a  dominant 



gene. Both a re  probably  l o c a t e d  on d i f f e r e n t  chromosomes. 
D i f f e r e n t  gene t i c  systems i n  p l a n t s  a re  obv i 'ous ly  necessary t o  e s t a b l i s h  t h e  
r e s i s t a n c e  t o  t h e  d i f f e r e n t  mosaic- inducing b a r l e y  v i ruses  as w e l l  as t h e i r  s t r a i n s ,  
BaYMV. BaMMV and BaYMV-2. They shou ld  be combined i n  f u t u r e  European commercial b a r l e y  
c u l t i v a r s .  Resu l ts  o f  t h e  above mentioned screen ing (Huth, 1991) showed t h a t  t h e  
r e s i s t a n c e  t o  BaYMV-2 i s  p resen t  i n  a  l a r g e  number o f  c u l t i v a r s .  Even i f  most o f  them 
are n o t  adapted t o  t h e  env i ronmenta l  c o n d i t i o n s  i n  Europe Mokusekko-3 seems t o  be one 
o f  t h e  p o s s i b l e  donors o f  these res i s tances  because i n  it t h e  r e s i s t a n c e  t o  a l l  o f  t h e  
known v i r u s  s t r a i n s  a re  o b v i o u s l y  combined. 
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Summary 

Barley yellow mosaic disease is present in all European countries now. In Germany where exten- 
sive 'eld losses are observed frequently the disease is caused by a complex of three viruses, i.e. 
B ~ Y E V ,  BaMMV and a "new virus strainu. Resistance of German winter barley cultivars, which 
is not effective a ainst the "new virus strain", is inherited by a single recessive gene located on 
chromosome 3. foreign varieties carrying different resistance genes were identified; some of 
them are even effective against the "new virus strain". Because of ~nferior agronomic performance 
of these exotic resistant germ lasms, efficient breeding procedures are needed. In particular, the 
application of androgenetic i ub l ed  haploids in combination with marker based selection sche- 
mes is considered to be a very useful tool for the rapid incorporation of these alien resistance 
genes into adapted varieties. 

Introduction 

Barley Yellow Mosaic Virus (BaYMV) was first discovered in Japan in 1940 (INOUYE & 
SAITO, 1975) and is considered to be one of the most severe diseases of Japanese two-rowed 
malting barley (USUGI, 1988). 
In West German barley yellow mosaic disease - now recognized to be caused by BaMMV, 
BaYMV-So ( H U ~  & ADAMS, 1990) and a "new virus strain" (HUTH, 1989) - was first repor- 
ted by HUTH & LESEMANN (1978). Whereas the virus occurrence was first limited to some 
small areas in the northern part of Germany, the disease is now spread over the whole count . 
Because of this wide distribution and the severe yield losses frequently observed in susceptib7e 
barley crops (FRIEDT & GOTZ, 1987; Table 1) barley yellow mosaic is now one of the most 
important diseases of winter barley in Germany and other central European countries. 

Table 1. Grain yield of BaYMV-resistant as compared to susceptible barley cultivars 
and breeding lines in Northern Hesse, 1990 

Grain Yield 
Cultivar/Line B ~ Y  &-reaction t/ha relative 

Asorbia (6-row) resistant 5.33 100 
Corona (6-row k susceptible 3.53 65 
St. 367 (6-row) resistant 5.73 107 

Romanze (2-row) resistant 4.20 100 
Marinka (2-ro Y$) susceptible 2.38 57 
St. 372 (2-row) resistant 4.28 102 

Gip er's Farm, Bellnhausen/Gilserberg: 10 m2 lots, 3 replications; LSD 5% = 
0.25t/%; yield in absolute dry matter. # St. 367 = '&a' x 'Resfitant Ym No.19, 
Q St. 372 = 'Sonate' x 'Resistant Ym No.1'. 

On account of transmission by the soil-borne fun us Polymyxa graminis chemical measures 
against barley yellow mosaic disease are either inef ! lcent or uneconomic. Therefore, yield losses 
can on1 be revented by cultivating resistant varie,ties. In Germany cvs. 'Asorbia', 'Banjo', 
'~runhih ' ,  'Prances', 'Franka' (six-rowed), 'Diana', Romanze' and 'Sonate' (two-rowed) are 
available. These cultivars are resistant to both, BaMMV and BaYMV-So, but not against the 
"new virus strain". 



For broadening the basis of resistance numerous germplasms were screened for BaMMV reacti- 
on by mechanical spraygun inoculation in the greenhouse (FRIEDT, 1983; FRIEDT et al. 1988) 
as well as by natural inoculation in the field (BaYMV-So, "new virus strain"). Several barley 
stocks, mainly originating in East Asia, were shown to be resistant, both in the greenhouse and in 
the field. 

Genetic analysis of resistance to Barley Yellow Mosaic Virus 

Chromosomal localization of the 'German resistance gene' 

Analysis of crosses between resistant German cultivars lead to the conclusion that resistance of 
these varieties is due to one identical recessive ene, because these crosses do not se re ate k 5- susce tible plants in F2. This German gene, whicl was proposed to be called ym4 (FRI D et 
al., 1890) robably derives from a common parent, the Dalmatian spring barley land-race 'Ragu- 
sa' (FRIE~T, 1984). 
To determine the definite genetic location of ene ym4, trisomic analysis was carried out with a 
complete trisomic set of the s ring barley cv. 'ghin Ebisu 16. kindly provided by Dr. T. Tsuchiya, 
Colorado State University, jort Collins (USA). Trisomic plants for each barley chromosome 
were crossed as females to German resistant cvs. like 'Sonate' and 'Ogra'. Trisomic F plants 
were identified cytologically and F2 plants of these crosses were infected mechanicahy with 
BaMMV. In the trisomic fractions une ected segregations with an excess of resistant plants were 
observed (KAISER & FRIEDT, 1983 which may be explained by the weak growth habit of 
trisomics and the deleterious effects of the severe inoculation procedure. However, very clear 
results were obtained in the disomic fraction. All disomic F2 populations of 'Ogra' crosses as well 
as of 'Sonate' crosses except the one with 'Pale' (trisomic for chromosome 3) showed a good fit to 
the uncritical segregation (3:1), while in the disomic F derived from the cross to 'Pale' a good fit 
to the critical segregation (8:l) was observed. From these results it is concluded that the gene 
ym4 is located on chromosome 3 (KAISER & FRIEDT, 1989). 

Genetic diversity of resistance to Barley Yellow Mosaic Virus 

Three different resistance genes have earlier been described in Japan: Yml deriving from the 
Chinese landrace 'Mokusekko 3', Ym2 from 'Mihori Hadaka 3' (TAKAHASHI et al, 1973) and 
ym3 which was detected in 'Ea 52', an induced mutant of 'Chikurin Ibaraki 1' (UKAI, 1984). It is 
interestin to note that 'Ea 52' which is resistant in Japan is susceptible a ainst BaMMV in 
Europe wfile the parent 'Chikurin Ibaraki 1' reacts resistant here and susceptibfe in Japan. 

Table 2. Segregation of F2 plants derived from crosses of foreign resistant varieties to 
resistant German cultivars after mechanical inoculation with BaMMV (GOTZ, 1990). 

Variety Reaction observed Genetic relationship to 
resistant : susceptible 'German resistance' 

Asahi 9 16 : 0 
France 7 16 : 0 
Kanto Nijo 19 16 : 0 
Yukishirazu C 16 : 0 
Anson Barley 7 : 9 
Chikurin Ibaraki 1 7 : 9  
Ou 1 7 : 9  

allelic or tightly linked 
allelic or tightly linked 
allelic or tightly linked 
allelic or tightly linked 
different 
different 
different, 

By means of marker analysis evidence for linkages between gene Yml and the marker gene K 
(hooded lemma) as well as between gene Ym2 and themarker gene n (naked kernel) was identi- 
fied by TAKAHASHI et al. (1973), leading to the conclusion that Yml is located on chromosome 
4 and Ym2 on chromosome 1. Furthermore, KONISHI & MATSUURA (1987) and KONISHI et 
al. (1989) observed, that resistant F2 plants derived from crosses of 'Mokusekko 3' to susce tible 
varieties always carried the esterase isozyme pattern of 'Mokusekko 3' indicating that an a8ditio- 
nal resistance gene of 'Mokusekko 3' may be linked to an esterase isozyme gene block at the 



terminal end of the long arm of chromosome 3. These results fit well to the observation that the 
F1 plants of crosses of resistant German cultivars to 'Mokusekko 3' are all resistant and no su- 
sceptible plants se egate in F (FRIEDT & FOROUGHI-WEHR, 1987). Therefore, these resi- 
stance genes must r e  either allsic or very ti htly linked. 
In order to obtain a more complete dew of genetic diversity of resistance against Barle Yellow cr Mosaic Virus.resistant German varieties were crossed to a large number of foreign onors of 
resistance (GOTZ, 1990). Some of these crosses segregated in F2 indicating that the parents cany 
different resistance genes, while in other crosses no se regation could be detected leading to the f conclusion that the resistance genes are allelic or very c osely linked (Table 2). 
Even in crosses between exotic resistant varieties segregation could be observed (ORDON, 1990) 
raising hope that there are different resistance genes - some of them even effective against the 
"new virus strain" (Table 3), which may be used for broadening the basis of resistance of winter 
barley to barley yellow mosaic disease. 

Table 3. Reaction of foreign barley germplasms against BaMMV, BaYMV and the 
"new virus strain" (GOTZ, 1990). 

Variety BaMMV Bay MV "new strain" 

Chikurin Ibaraki 1 
Mihori Hadaka 3 
Mokusekko 3 * 
Muju covered 2 
Russia 57 
NIR 55 MN-28 
Russia 32 
Anson Barley 
Krasnodar 1920 

resistant 
resistant 
resistant 
resistant 
resistant 
resistant 
resistant 
resistant 
resistant 

resistant 
resistant 
resistant 
resistant 
resistant 
resistant 
resistant 
susceptible 
susceptible 

resistant 
resistant 
resistant 
resistant 
resistant 
susceptible 
susceptible 

? 
? 

* in 'Mokusekko 3' plants resistant against the "new virus strain" as well as susceptible 
plants were identified. . 

Exploitation of foreign resistance genes by breeding 

Because of inferior agronomic performance of exotic resistant varieties (Table 4) long lasting 
backcross-pro rammes are needed for incorporating their resistance genes in high yielding adap- 
ted cultivars (bRIEDT et al., 1990). 

Table 4. Grain yield of forei n resistant varieties in comparison to adapted German 
resistant varieties at Giessen f~esse) ,  1990 (ORDON, 1990). 

Cultivar 

Franka (6-row) 
Asorbia (6-row) 
Russia 32 (6-row 
Muju covered 2 06-row) 
Mokusekko 3 (6-row 
Chikurin Ibaraki 1 ( b -row) 
Mihori Hadaka 3 (6-row) 

Origin 

Germany 
Germany 
USSR 
Korea 
China 
Japan 
Japan 

Romanze 2-row Germany 
Russia 57 {2-row] USSR 
Hakei 1-41 (2-row) Japan 

Grain Yield * 

* 4.5 m2 plots, 2 replications; LSD 5% = 0.41 t/ha; yield in absolute dry matter. 

To abridge the process of combining foreign resistance genes with high agronomic performance 
the use of androgenetic doubled haploids in a breeding programme has been demonstrated to be 



a very useful tool (FOROUGHI-WEHR & WENZEL, 1988; FRIEDT et al., 1989). Field trials 
indicate that it is possible to select doubled haploid lines, derived from crosses including an exotic 
parent, e.g. 'Igri x 'Resistant Ym No.1' cap. spring barley), which are nearly as high yielding as 
the adapted cv. 'Igri'. 
Furthermore, identification of resistant progenies may be facilitated by marker based selection 
using either iso me- and rotein-electro horesis or the RFLP-technique. The benefit of these 
methods is m a i z  due to tRe ossibility o&electing resistant individuals in a very early stage of a 
breeding programme and witfout time and labour consuming natural or mechanical virus inocu- 
lation. 
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HOST RANGE AND TRANSMISSION OF BARLEY VIRUSES BY ISOLATES OF POLYMYXA 
GRAMINIS 

M. J. Adams 

IACR-Rothamsted Experimental Station, Harpenden, Herts., AL5 2JQ, UK 

Summary 

Nineteen unifungal isolates of Polvmvxa araminis from Britain, Germany, 
China and Canada, mostly obtained from barley were tested for their 
ability to infect barley, wheat, oats, rye and Lolium Derenne. All 
isolates grew well on barley, but only a few grew on wheat and/or rye. 
No isolate grew on L.~erenne and there were only traces of infection by 
six isolates on oats. A range of grass species were not infected by two 
isolates tested in more detail. The ability of some isolates to transmit 
barley mild mosaic (BaMMV) or barley yellow mosaic (BaYMV) viruses was 
tested by growing them on rooted tillers of virus-infected barley and 
inoculating zoospores from these roots to test seedlings. Five isolates 
transmitted BaMMV, apparently with similar efficiencies. Three isolates 
have transmitted BaYMV but simultaneous transmission of both viruses has 
not yet been achieved. One isolate of P.araminis (from Canada) appeared 
to be unable to acquire and/or transmit BaMMV. 

Introduction 

Polvmvxa qraminis Led., is the vector of important viruses of barley, 
oats, rice, wheat and other crops. The fungus is geographically 
widespread and has been reported to occur on the roots of many species 
of the family Gramineae and has occasionally been reported from other 
families. Most of the records have been made from plants growing in field 
soils but in inoculation experiments using sand culture, Barr (1979) 
demonstrated some differences in host range amongst six unifungal 
isolates from wheat Bromus or AqrODVrOn. All isolates infected wheat and 
barley, three infected A ~ ~ O D V ~ O ~  and only one caused a trace of infection 
on oats. Bastin, Boute and Maraite (1989) tested the host range of five 
barley isolates. None was pathogenic on wheat but two infected oats and 
two rye. Several grass species, including Aaro~vron, were uninfected. To 
understand the epidemiology of the viruses transmitted by P.qraminis, it 
is necessary to have more information on the host range of isolates and 
on their ability to transmit viruses. This paper reports results on the 
host range of 19 isolates and on the ability of some of them to transmit 
barley mild mosaic (BaMMV) and barley yellow mosaic (BaYMV) viruses. 

Materials and Methods 

Unifungal isolates were obtained in sand culture by selecting individual 
mature resting spore clusters from roots into a drop of water on a glass 
coverslip. When 20 or more clusters had been selected, the coverslip was 
placed on the surface of sterile silver sand in a disposable plastic pot, 
3 pre-germinated seedlings of barley (usually cv. Maris Otter) placed on 
top and covered with more sand. Pots were watered with dilute nutrient 
solution, either by hand or using the automatic irrigation system 
described by Adams, Swaby and Macfarlane (1986), and maintained at 15- 
20'C. The purity of the isolates was checked microscopically and, when 
abundant resting spore clusters were formed, the roots were dried, 
powdered and kept in the laboratory as a source of inoculum. Infected 
root powder was dusted onto roots of seedlings to establish new cultures 
and for host range experiments in sand culture. 



Results and Discussion 

Host range experiments 

Nineteen isolates of P.qraminis were tested in detail by inoculating 
seedlings of barley (Maris Otter), wheat (Armada or Galahad), oats 
(Peniarth), rye (Dominant) and Lolium perenne (5.22) with resting spore 
powder and growing them in irrigated sand culture. Most of the isolates 
were from barley growing in British soils but one was isorated from Pea 
annua and two were from Germany, two from China and one was a Canadian 
isolate from wheat, kindly supplied by Dr D.J.S.Barr. All isolates caused 
heavy infection on barley and none infected L.werenne. Four isolates grew 
well on rye and two of these also caused a little infection on wheat. A 
further isolate infected wheat slightly but not rye. On oats, six of the 
isolates caused a trace of infection and this was not correlated with 
infection of the other crop species. Two British isolates were also 
tested on a range of grass species but infected none (Table 1). 

Table 1. Non-hosts of two isolates of Polvmvxa graminis 

Agropyron repensl Cynosurus cristatus Holcus lanatus 
Agrostis tenuisZ Dactylis glomerata Phleum pratense 
Alopecurus pratensis Festuca pratensis Poa annua 
Anthoxanthum odoratum Festuca rubra 

now: El'ymus repens now Agrostis capillaris 

Some preliminary information indicates that wheat cultivars may differ 
in their susceptibility. In comparative experiments using several 
isolates, more infection was seen on cv Avalon than on Armada or Galahad, 
although the intensity of infection was never as great as on barley. This 
is similar to the results reported by Bastin, Boute and Maraite (1989). 
Nine UK winter and spring oat cultivars were also tested with two 
isolates which had caused a trace of infection in earlier experiments. 
Only slight amounts of infection occurred on all cultivars. 

The results confirm experience from looking at roots of plants from the 
field, that oats and wheat are generally less infected by P.qraminis than 
barley. It seems that some host specialisation occurs within isolates of 
the fungus but this was not simply related to the plant species from 
which the isolation was first made. 

Virus transmission experiments 

Because virus inoculated mechanically can loose its fungal 
transmissibility, the ability of isolates to transmit virus was tested 
by growing the fungus on freshly-rooted tillers of plants containing 
virus originally inoculated by the vector (Adams, Swaby and Jones, 1988). 
In one experiment, rooted tillers of plants with and without BaMMV were 
inoculated with resting spore powder of five British isolates of 
P.qraminis believed to be virus-free. On two occasions, 6 and 8 weeks 
after inoculation, zoospore suspensions were obtained by soaking roots 
of inoculated plants in dilute nutrient solution and these were used to 
inoculate seedlings of Maris Otter barley as described by Adams, Swaby 
and Macfarlane (1986). Plants were maintained at about 20'C and symptoms 
of BaMMV were recorded 4-6 weeks later. All isolates transmitted virus 
and since the efficiency of transmission was closely correlated with the 
concentrations of zoospores, it was concluded that there were no 
differences between the isolates in their ability to transmit BaMMV 
(Table 2). 



Table 2. Transmission of BaMMv from rooted tillers by isolates of 
Polvmvxa sraminis 

First inoculation Second inoculation 

Isolate zoospores % zoospores % 
no nos/ml plants nos/ml plants 

1 1.5 lo5 67.5 1.7 x lo5 47.4 
2 1.1 lo5 48.8 1.3 x lo6 67.9 
4 5.3 lo4 32.3 1.2 x lo5 55.1 
5 3.6 x lo4 5.3 2.1 x lo5 36.2 
6 1.7 x lo4 5.3 2.2 x lo4 3.7 
S.E.D. (16 D.F.) 6.59 5.85 

In subsequent experiments, BaMMV has been transmitted by a further fungal 
isolate and three isolates have acquired BaYMV in experiments that were 
similar but done at lower temperatures (10-12 "C) . Simultaneous 
transmission of both viruses has not yet been achieved. One isolate of 
P.araminis (that from Canada, originally isolated from wheat), has not 
acquired and/or transmitted BaMMV despite multiplying well in barley 
roots infected with this virus. 
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Barley Yellow Mosaic Virus (BaYMV) has a biparti te positive sense 

ssRNA genome with RNA sizes of approximately 8 and 3.7 kb. We have 

prepared cDNA clones corresponding t o  the  RNA genome of BaYMV. DNA and 

protein sequence analysis is being performed using the  cDNA clones and 

their  corresponding v- translation products t o  determine the  

molecular organization of the  BaYMV genome. 

The near fu l l  length cDNA clone psY35 corresponding to  RNA2 has  been 

fully sequenced and found t o  be 3570 nucleotides in  length excluding a 

3' terminal poly(A) tail. Primer extension analysis revealed that  the  5' 

terminal region of the  cDNA clone is complete with the  exeption of 20 

nucleotides. The f i r s t  AUG codon a t  position 137-139 is the  putative 

translation initiation codon a s  i t  is contained in  the  sequence ACCAUGU 

which is similar to  the  consensus sequence for  eucaryotic translation 

initiation and is followed by a single large open reading frame. The AUG 

codon is preceded by a 5' untranslated region of 136 nucleotides which 

is adenosine rich and has similarities t o  other RNA virus untranslated 

regions. The open reading frame continues t o  position 2807 where i t  is 

terminated by a UAG codon. Analysis of the  DNA sequence reveals no other 

open reading frames coding fo r  proteins greater then 6500 daltons. The 

protein encoded by the open reading frame has  a predicted mol. wt. of 110 

kD. The sequence UAUGU which is thought to  be a polyadenylation signal 

for  some potyviruses was found 110 nucleotides upstream of the  poly(A) 

tail. 

In vitro translation of the RNA corresponding t o  psY35 results  in  the  -- 
synthesis of four major translation products whose combined molecular 

weights are approximately tha t  of the  protein encoded by psY35. This 

indicates that  the  RNA encodes a polyprotein which is subsequently pro- 

cessed. Investigations are  being performed to  map these proteins t o  the  

nucleotide sequence by amino acid sequencing of the amino terminals of 

the  proteins. DNA sequencing studies are  now being performed on RNAl so  

that  a l l  proteins encoded by BaYMV may be identified and positioned on 

the RNA genome and the  translation mechanisms of th i s  virus elucidated. 
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Summary 

The single-stranded (ss) genomic RNA of the Streatley isolate of barley mild mosaic 
virus tBaMMV) was isolated. The RNA consists of two separately -encapsidated species of 
6.9 and 3.9 kb. Both are polyadenylated and act as messengers in a rabbit reticulocyte 
lysate in vitro translation system. It is possible that subgenomic forms of one or both 
of these RNAs exist in infected plants. Virus-associated double-stranded (ds) RNA was 
isolated from infected plants and three discrete species, of molecular weights 5.1, 2.4 
and 2.1 ~ 1 0 ' ~  were present. The viral coat protein consists of one subunit of 38 kD, 
which degrades on purification, giving breakdown products of 29 to 37 kD. DRA 
complementary to the viral RBA has ben synthesised and a number of clones produced. 

Introduction 

Barley yellow mosaic virus (BaYIV) is transmitted in the soil by Polymyxa graminis (1) 
and is responsible for yield losses of up to 50% in susceptibls cultivars of winter 
barley (2). Two distinct serotypes of BaYMV, which differ in particle stability and 
mechanical transmissibility, have been identified as occurring in Europe (3,4,5). It has 
recently been accepted that these two serotypes are in fact distinct viruses (3,6) and 
they have been termed BaYMV (which includes the non-mechanically-transmissible types) 
and BaWWV (formerly the mechanically-transmissible type). 

Previous work on BaYMV and BaHWV has established that their particles are slightly 
flexuous and rod-shaped (7,3). They are 13 nm in diameter, with a bimodal length 
distribution of 270-300 nm t7,3) due to the separate encapsidation of the two genomic 
BNA species - RNA-1 (18 kb) and RNA-2 (-4 kb) (7,3). It has been shown (8,9) that there 
is little sequence homology between RNA-1 and RNA-2 in both viruses and Koenig and Huth 
(9) confirmed that bothspecies are needed for the infection of plants. Ehlers and Paul 
(10) investigated the coat protein subunits of BaYHV and BaMMV and found them to have 
the same molecular weight (335 kD) but to differ in their tendency to degrade and form 
breakdown products of 29.5-33 kD. 

The work described here continues with the molecular characterisation of BaMMV, in 
order to provide some clues as to the infection and replication strategies of this 
economically-important pathogen. 

Materials and Wethods 

Origin of the virus and its propagation. The BaWMV isolate used in this work originated 
from a site in Streatley, Bedfordshire (11) and was maintained by mechanical inoculation 
onto young Hordeum vulgare cv. Maris Otter plants using the method of Friedt (12). 

Virus purification, A modified version of the method of Macadam (13) was used to obtain 
a partially-pure preparation of BaWMV. Leaf tissue was ground in liquid nitrogen, 
homogenised in 2 vols. 20 mM HEPES <pH 7.4), 10 mM DIECA, 5 mH EDTA, 1 mM PMSF, 0,1% 
v/v 2-mercaptoethanol and the breis filtered. The supernatent from a low-speed 
centrifugation of the filtrate was re-filtered and clarified by stirring with 0.5% v/v 
Triton X-100 for 30 min. Virus particles were concentrated by centrifugation through a 
6m1, 30% w/w sucrose cushion, for 2.5 h at 27 k, using a Beckman Type 30 rotor. The 
pellets were drained, resuspended in homogenisation buffer overnight and usually 
subjected to a further round of differential centrifugation by pooling and centrifuging 
through a 12ml. 30% w/v sucrose cushion for 2 h at 24 k in a Beckman sw27 rotor. The 
pellet was drained and resuspended in homogenisation buffer, prior to extraction of RNA. 



Extract ion of v i r a l  BBA and fu r the r  pur i f ica t ion.  Cenomic R N A  was ext racted from a 
'crude' v i r u s  preparation by incubation with 200pg/ml prote inase  K i n  t h e  presence of 
0.1% w/v SDS and 20 mM Tris-C1 (pH 9.0) ,  followed by phenol-chloroform extract ion and 
precipi ta t ion with 2M lithium chloride. 

The RNA was separa ted i n t o  its two components by e lec t rophores is  through an agarose 
-TBE (134 mM T r i s  (pH 8 .8 ) ,  44 mM bor ic  ac id ,  2.5 mM EDTA) ge l ,  excision of t h e  two 
bands and e lec t roelut ion of t h e  RNA f o r  30 min. a t  75 mA i n t o  d i a l y s i s  tubes.  

Extract ion of virus-associated d s  H A .  D s  RNA was pur i f ied  d i r e c t l y  from t o t a l  nucleic 
ac ids  from infected p l a n t s  using CF-11 cel lu lose ,  a s  described by Morris and Dodds (14) .  
Traces of DNA and 6s RNA were removed by DNAse 1 diges t ion and li thium chlor ide  
f rac t ionat ion.  

Total  BBA ex t rac t ion  from plants .  Total  RNA was ext racted from p l a n t s  using t h e  method 
of Parish and Kirby (15) a s  modified by R .  Townsend (pers ,  comm.). After DNAse 1 
diges t ion,  t h e  s ingle-s t randed R N A  was precipi ta ted  i n  2 1  l i thium chlor ide .  

Polyadenylated R N A s  were i so l a t ed  from t o t a l ,  single-stranded p lan t  R N A  by ol igo 
(dT) ce l lu lose  chromatography, e s sen t i a l ly  a s  described by Maniatis et a1 (16) .  The 
poly < A )  + and poly ( A ) -  f r ac t ions  were both col lec ted and s to red .  

cDIA s y n t h e s i s  and cloning. cDNA t o  the  v i r a l  RNA was synthes ised using an Amersham 
k i t ,  following manufacturer's i n s t ruc t ions .  F i r s t - s t r and  syn thes i s  was primed with 
e i t h e r  random primers,  oligo(dT),  o r  with syn the t i c  oligonucleotides.  

This DNA was diges ted with t h e  r e s t r i c t i o n  enzymes EcoRl and Smal and was cloned 
i n t o  t h e  corresponding s i t e s  within t h e  multiple cloning s i t e  of t h e  Bluescript" 
(Stratagene) vector .  

Gel e l ec t rophores i s  of t h e  v i r u s  and immunoblotting. Virus samples were disrupted by 
boiling f o r  5 min. i n  62.5 mM Tris-C1 (pH 6.8) ,  2% w/v SDS, 10% v/v glycerol ,  5% v/v 2- 
mercaptoethanol, 0.001% w/v bromophenol blue and were then electrophoresed through a 
12.5% w/v mini polyacrylamide (30% acrylamide, 0.6% bisacrylamide) /SDS gel .  

After e lec t rophores is ,  g e l s  were e i t h e r  s t a ined  with Coomassie Br i l l i an t  Blue o r  were 
used f o r  immunoblot ana lys i s .  Soluble p ro te ins  were t r ans fe r red  t o  n i t rocel lu lose  by 
e lec t roblot t ing using a Biometra f a s t  b lo t  system, with t r a n s f e r  buffer (25 mM T r i s ,  150 
mM glycine ,  10% v/v methanol). F i l t e r s  were then incubated i n  PBS-Tween (10 mM sodium 
phosphate (pH 7.2) ,  0.085% w/v sodium chlor ide .  O , l %  v/v Tween 20) ,  5% w/v Marvel, 
containing primary antibody a t  a d i lu t ion of 1:200, a t  4°C overnight.  After washing in  
PBS-Tween/Marvel, f i l t e r s  were incubated with a 1 5 0 0  d i lu t ion  of goat  an t i - r abb i t  
secondary antibody conjugated t o  a lkal ine  phophatase f o r  2 h a t  2room temperature. After 
washing and r in s ing  i n  0.15H veronal ace ta t e  (pH9.6), t h e  b l o t s  were incubated i n  0.151 
veronal ace ta t e  conta ining 1 mg/ml ni t roblue  tetrazolium, 0.5 mg/ml bromochloroindolyl 
phosphate. 

In vitrv t r ans l a t ion .  BaRKV RIA was t r ans l a t ed  in  r a b b i t  re t iculocyte  ly sa t e .  Reaction 
condi t ions  were 20 mH c rea t ine  phosphate, 0.5 mM magnesium chlor ide ,  O.lH potassium 
chlor ide ,  1 mM each amino ac id  and 10 mM DTT. RBA was added t o  50 pg/ml and 
[-'"Slmethionine t o  500 pCi/ml. The mixture was incubated f o r  90 min(un1ess s t a t e d  
otherwise) a t  30°C and t h e  react ion stopped by making t h e  mix 10% v/v glycerol ,  5% v/v 
2-mercaptwthanol,  2.3% w/v SDS, 62.5 mM Tris-C1 (pH8.0) and 0.025% bromophenol blue and 
heating t o  90 - i .  Products were electrophoresed through 12.5% polyacrylamide/SDS g e l s ,  
which were then f ixed,  d r i ed  and exposed t o  X-ray f i lm.  

Results 

BalIlV genomic BBA. On a typ ica l  ge l  of RNA ext racted from a partially-pure preparation 
of v i rus ,  t h e  two bands corresponding t o  RNA-1 and RNA-2 can c l ea r ly  be seen. The 
estimated s i z e s  of t hese  spec ie s  a r e  6.9 and 3 .5  kb. 

When t h e  products of f i r s t -  and second-strand cDNA syn thes i s  from v i r a l  RNA were 
electrophoresed, two d i s t i n c t  bands, corresponding i n  s i z e  t o  RNAs-1 and -2, were seen 
in  both samples.  The eff ic iency of priming by oligo(dT) ( lanes  1 and 2 )  and the  
production of apparently full-length spec ie s  would suggest t h a t  both BaMMV RNA-1 and 



-2 a r e  polyadenylated a t  o r  near t h e i r  3 '  te rmini .  The presence of a poly(A) t r a c t  h a s  
been confirmed by sequence ana lys i s  of c lones  made using t h i s  cDNA. 

A s imi l a r  r e s u l t  t o  t h e  above was obtained when t h e  f i r s t - s t r and  react ion was 
primed with a syn the t i c  oligonucleotide made t o  an  a rea  within the  3 '  non-coding region 
of BaYHV RBA-1 (17). The sequence of t h i s  oligonucleotide is 5 '  ACGGCTGATCAAACGCTGTC 3'. 
The eff ic iency of priming from both RBA spec ie s  suggests  t h a t  they sha re  sequence 
homology with t h i s  oligonucleotide.  The production of nearly full-length species  would 
suggest t h a t  t h i s  homology l i e s  towards t h e  termini  of t h e  genomic R N A s .  

Virus-associated d s  MA. A r e s i s t ance  t o  d iges t ion by RBAse A i n  2xSSC, but a 
suscep t ib i l i t y  i n  O.lxSSC confirmed the  d s  REA nature of samples of BaMXV-associated d s  
RBA derived from infected p l an t s .  Three spec ie s  of d s  R I A  a r e  typ ica l ly  present i n  such 
a sample, t h e  l a rge r  two being of estimated molecular weights 5.1 and 2.4 x1OS, which 
equate c losely  with t h e  expected s i z e s  of r ep l i ca t ive  forms of RIiA-1 ( 4 . 6 ~ 1 0 ~ )  and RNA- 
2 (2 .6~10") .  A t h i r d  band is a l s o  present ,  of estimated molecular weght 2.1x106. I t s  
o r ig in  is unclear,  although it could represent  a n  a r t e f a c t  of preparation, a r ep l i ca t ive  
intermediate,  o r  a spec ie s  derived from a co-infection. I t  is poss ible  t h a t  it could 
represent  t h e  d s  form of a subgenomic RBNA, but a t  present ,  t he re  is no evidence t o  
subs tan t i a t e  t h i s .  

Viral  coat protein.  Immunoblots of samples of 'crude' prepara t ions  of BaHWV were probed 
with a n t i s e r a  r a i sed  t o  whole v i rus  pa r t i c l e s .  The pa t t e rn  produced, of a major band and 
three ,  s l i g h t l y  smal ler  bands was very s imi l a r  t o  t h a t  obtained by Ehlers  and Paul 
(10).By analogy with t h e i r  work, t h e  major band of 38 kD rep resen t s  t h e  i n t a c t  coa t  
protein and t h e  37,  3 1  and 29 kD spec ie s  a r e  breakdown products r e su l t ing  from 
pur i f ica t ion and s to rage  of the  v i rus  preparation. 

In vitro t r ans l a t ion .  The t y p i c a l  t r ans l a t ion  products from a sample of v i r a l  genomic 
RHA a r e  major products of 23, 46, 56, 62, 71, 76, 84,  93 and 106 kD and minor products 
of 31,  37 ,  53, 59, 79 and 98 kD. Despite t h e  presence of s o  many species ,  t he re  is no 
major band t h a t  corresponds with t h e  s i z e  of t h e  coat  protein.  The appearance of s o  
many t r ans l a t ion  products may be explained by t h e  premature termination of prote in  
syn thes i s ,  non-specific in t e rna l  i n i t i a t i o n ,  fragmentation of t h e  RMA template and 
t r ans l a t ion  of those  fragments,  o r  by p a r t i a l  proteolyt ic  processing. 

To invest igate  t h e  occurrence of e i t h e r  s p e c i f i c  proteolyt ic  processing o r  non- 
s p e c i f i c  proteolys is ,  s eve ra l  t ime course experiments were performed, whereby samples of 
t h e  t r ans l a t ion  mixture were removed a t  various t imes  f o r  e lec t rophores is .  The r e s u l t s  
of such an experiment appear t o  be f a i r l y  complex Although t h e  majority of t h e  prote in  
bands remain constant ,  o the r s  increase  and decrease i n  i n t e n s i t y  a t  d i f f e ren t  t ime 
points .  For example, t h e  22 kD band is not  apparent un t i l  a f t e r  a 1 h. incubation and 
the  30 kD band is only v i s i b l e  a f t e r  2h. This  suggests  t h a t  t h e  s y n t h e s i s  of these  two 
prote ins  might be control led  by p ro te ins  produced e a r l i e r  i n  the  cycle .  Alternatively,  
degradation of t h e  RBA template might lead t o  an  a l t e r a t i o n  i n  its 'secondary s t ruc tu re  
and an opening of new ribosome binding/ in i t ia t ion sites. The in t ens i ty  of t h e  30,  33,  49 
and 69 kD bands appears  t o  decrease  a f t e r  an  overnight incubation, indicat ing t h a t  some 
form of proteolys is  might be occurring. However, t he re  is no concurrent appearance of 
smal ler  products,  which might be expected. 

When the  two v i r a l  R N A s  were t r a n s l a t e d  separa te ly ,  very few products were v i s i b l e  
a f t e r  e lec t rophores is .  However, a band of a 112 kD protein was present  i n  t h e  RNA-1 
spec i f i c  lane but not  i n  t h e  RNA-2 s p e c i f i c  lane.  I t  is poss ible  t h a t  BaKKV RNA-1 
d i r e c t s  t he  s y n t h e s i s  of only one large  prote in ,  a s  is probably the  case  with soil-borne 
wheat mosaic v i r u s  (SBWMV) (18) and beet nec ro t i c  yellow vein v i rus  (BNYVV) (19).  

Transla t ion of t h e  poly(A)+ and t h e  poly(A)- f r a c t i o n s  of t o t a l ,  6s MA derived from 
infected p l a n t s  a l s o  produced an in t e re s t ing  r e s u l t .  TWO bands, of 20 kD and 30 kD, were 
present  i n  t h e  poly(A)+ t r a c k ,  but not i n  t h e  poly(A)- t r ack ,  which, i f  v i rus-speci f ic ,  
a r e  f u r t h e r  evidence f o r  t h e  polyadenylation of BaXKV RIiA. The absqnce of these  bands 
amongst t h e  products of t h e  size-separated genomic REAs sugges t s  t h a t  they may be 
t r ans l a t ed  from one o r  more subgenomic R N A s .  The 20 kD and 30 kD products  a r e  present  
amongst t h e  bands produced from 'mixed' v i r ion  RNA, s o  such subgenomic species  would 
probably be encapsidated and thus  co-purified with t h e  full-length v i r u s  pa r t i c l e s .  



Dicussion 

The results described here represent preliminary data on the molecular characterisation 
of BaMLV. The viral RNA is polyadenylated, a feature it shares with BaYAV (17) and 
BNYVV (20), but not with SBWLV (18). The presence of sequence homology at the termini 
of BaMLV RNAs -1 and -2 to an area in the 3 '  non-coding region of BaYHV RNA-1 suggests 
a similarity in the control of translation and/or replication between these two viruses. 

The possibility that the replication strategy of BaMMV might involve the production 
of one or more subgenomic RNAs is raised by the presence of 3 bands of virus-specifc 
ds RNA in infected plants and by the results of in vitro translation experiments. 
Obviously, more work is neede to clarify the situation. It is also possible that 
polyprotein processing might play a role in the viral replication cycle. In this respect, 
BaNMV would be similar to BaYMV, the coat protein of which is thought to be produced 
from a polyprotein precursor (17). 

Interest in BaYMV and BaAMV is growing, especially as they may require 
classification in a new group of viruses, the bymoviruses (3,6),  Auch further work is 
needed to elucidate the structure and the replication strategies of these two viruses, of 
which the work described here represents a start. 
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IDENTIFICATION AND PARTIAL CHARACTERIZATION OF OAT MOSAIC AND OAT 
GOLDEN STRIPE VIRUSES CO-INFECTING OATS IN THE SOUTHEASTERN UNITED 
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Summary 

A soil-borne mosaic disease of oats has been recognized on winter oats in the southeast 
United States for over 50 years. Leaves of infected oats take on a chlorotic, mottled appearance 
in early spring. As temperatures rise in late March and April mottling gives way to bright golden 
yellow stripes running longitudinally on both young and old leaves. Symptoms are often very 
apparent on flag leaves during tillering and grain fill thus, severe infections may result in 
significant yield losses. The etiology of the disease has not been fully determined , therefore, 
we have undertaken the identification and characterization of the viruses associated with typical 
disease symptoms. Observations made with the aid of an electron microscope of partially 
purified virus preparations from symptomatic oat tissue indicated the presence of both long, 
flexuous, rod-shaped particles and short, stiff, rod-shaped particles. Based on previously 
published information, EM observations and SDS-PAGE analysis, we have identified the long 
flexuous particles as oat mosaic virus (OMV), a member of the potyvirus group, and the short 
stiff particles as oat golden stripe virus (OGSV), a member of the furovirus group. We have 
shown the genome of OGSV to be composed of 2 distinct RNA molecules of approximately 6.2 
and 3.5 kilobases in size and are in the process of synthesizing cDNA to these molecules. 
There have been no published reports of OGSV in the United States, however, it has been 
reported in Europe. The relatedness of OGSV isolated in North Carolina (OGSV-NC) and that 
from the United Kingdom (OGSV-UK) has not yet been determined. Polyclonal antisera 
produced in rabbits to the capsid protein (CP) of OGSV-NC does show activity against OGSV- 
UK. Specificity of this antisera to viral CP has been confirmed by both enzyme linked 
immunosorbant assays and western blots. We are in the process of producing polyclonal 
antisera to the CP of OMV. We are also attempting to synthesize cDNA from the genome of 
OMV. Serological assays and cDNA probes will be used to screen tissue from field plots planted 
during the fall of 1990 in order to identify oat cuttivars with levels of resistance useful in future 
breeding programs. 

Introduction 

Soil-borne oat mosaic virus (OMV) was first observed in the U.S. in 1943 (McKinney, 1946). 
It was observed in North Carolina in 1945 (Atkinson, 1945), and has since been found in fields 
throughout the southeast, Washington state, England, Wales and possibly New Zealand 
(McKinney, 1946, Bruehl and Damsteegt, 1961, MacFarlane, 1968 and Slykhuis, 1962). 
Symptoms vary with disease severity and may differ between virus isolates. McKinney (1946) 
proposed the existence of two different isolates. The first, Marmor terrestre var typicum causes 
apical mosaic symptoms. Chlorotic lesions are light green to yellow and may remain as narrow 
streaks or leaves may be mottled or blotched. Symptoms from this strain tend to be limited to 
the top 1 to 3 leaves of infected plants. The second, less common, strain (M. terrestre var 
oculatum) causes eyespot mosaic symptoms. Spindle shaped spots are bordered by ash gray 
margins and remain green at their center until the entire leaf becomes chlorotic. (More recent 



publications refer to the virus simply as oat mosaic virus or OMV) Other general symptoms 
caused by both isolates include stunting or dwarfing, rosetting and failure to head in severe 
infections. Yield losses can range from 50 to 100% and seem to be greatest in genetically pure 
cultivars (Atkinson, 1945). The virus host range is strictly limited to Avena spp. (Toler and 
Hebert, 1963) and no cultivated Avena spp. is immune to infection although a range of tolerance 
has been reported (Coffman et al., 1963). OMV has been tentatively classified as a furovirus 
due to its similarity to WSBMV, the type member of this group. 

A thorough characterization of OMV has never been reported. Due to this lack of information, 
an accurate determination of OMV distribution and concentration throughout the Carolinas has 
not been possible in the past. Previous studies have also been hindered due to the lack of an 
accurate probe for OMV detection. 

OMV has been known to exist in North Carolina oat fields since 1945. Despite its widespread 
distribution and its potential to cause large scale yield losses, very little information about the 
nature of this virus is available. It has been concluded that the host range of OMV is limited to 
Avena spp. and it is vectored by the soil-borne fungus Polymyxa graminis. Very little else is 
known about this virus except that it resembles WSBMV and has been tentatively classified as 
a furovirus. It has been suggested (but not yet proven) that oat mosaic in the Carolinas is 
actually caused by a complex of 2 virus particles; one, a short rod and the other a long flexuous 
rod. 

Materials and Methods 

Virus purifications: 
OGSV Purification: Symptomatic oat tissue was collected during March and April 1990 and 

stored at -20°C. Frozen tissue was ground in liquid nitrogen in a mortar and pestle. 
Approximately 2 volumes of 0.5 M sodium borate, pH 9 buffer was added to the tissue prior to 
expression through cheesecloth. Clarified sap was centrifuged at 10,000 rpm in a Sorvall SS-34 
rotor. Triton X-100 was added to 2% final volume and the supernatant was mixed for 30 min. 
at 4°C. Virus was collected by centrifugation through a 20% sucrose cushion at 28,000 rpm for 
2 hrs. Pellets were gently resuspended in 50 mM Na borate, pH 8. The virus preparation was 
clarified by centrifugation at 10,000 rpm for 20 min prior to re-pelleting at 28,000 rpm for 2 hr. 
-Final virus pellet was resuspended as above. 

OMV purification: OMV was purified as described for OGSV except that it was extracted in 100 
mM ammonium citrate, pH 6.5. 
Antibody production and serological assays: 

Purified virus was dissociated in Laemmli dissociation buffer and capsid protein separated by 
12.5% SDS-PAGE. Protein band was visualized by soaking gel in cold 250 mM KCI. Protein was 
excised and eluted from the polyacrylamide and used as an immunogen for antibody production 
in rabbits as described by Kendall et al., (1 988). Western Blots and ELlSA were performed as 
described by Kendall et al., (1 988). 
Genomic RNA analysis 

Purified OGSV virions dissociated with SDS and the virion RNAs were fractionated in sucrose , 
density gradients. UV absorbing fractions were collected, pooled and assayed on 1% agarose 
gels. 

Results I 
Oats expressing mosaic symptoms from North Carolina are infected with two distinct viruses 

as determined by electron microscopy. Long flexous rod viruses (600-700 x 13 nm) typical of 
' 

members of the potyvirus group were observed. In addition, shorter\stiff rod like viruses with two 
length classes were also observed. The rods averaged 150 nm and 300 nm in length (Fig. 1). 



The morphology of the bimodal virus is indicative of the furoviruses and specifically OGSV 
(Adams et a]., 1 988). 

1 

b Fig. 1 Electron micrographs of purified OGSV Fig. 2 12.5% SDS-PAGE analysis of 

OMV. OGSV and OMV capsid proteins. 

Purification procedures were designed for both viruses. The high pHdorate purification was 
selective for the purification of the furo-like virus. Ammonium citrate extraction of the mosaic 
symptomatic oat tissue enriched for the poty-like virus, however, significant amounts of furo-like 
virus co-purified (fig. 2). 

I < The furo-like virus is composed of a single 19 kDa caps~d protein (Fig. 2) and two single 
stranded RNA species of 6.2 kb and 3.5 kb (fig. 3). The poty-like virus possess a single capsid 
protein component of 29 kDa. A satisfactory estimation of the genomic RNA has yet to be 
determined. 

An antibody has been raised to the furo-like virus. Western blot analysis using the antibody 
as well as wheat soil borne mosaic virus (WSBMV), sorghum chlorotic spot virus (SCSV), and 
oat golden stripe virus (OGSV-UK, kindly provided by M. J. Adams) antibodies were performed. 
OGSV-UK antibodies reacted strongly to OGSV-LIK and OGSV-NC capsid proteins (Fig. 4). 
Weaker reactions were detected between OGSV-LIK and OGSV-NC with the other furovirus 
antibodies. None of the antibodies detected OMV capsid protein. 

Fig. 3. Agarose gel electro- Fig. 4 Western blot analysis of OGSV-NC, OGSV-UK, SCSV 
phoresis of OGSV genomic and OMV capsid proteins with, WSBMV, OGSV-NC, 
RNA. OGSV-UK, and SCSV antibodies. 



Discussion 

From the physicochemical characterization of the furo-like virus from oats in North Carolina, 
we conclude it to be OGSV. We have yet to determine whether it is identical to or a serological 
strain of OGSV-UK reported by Adams et a/., (1 988). From previous reports (Atkinson, 1945: 
Usugi and Saito, 1981) we conclude that the long flexous rod is OMV, a member of the fungus 
transmitted potyviruses. 

Symptomatic oat tissue was collected from commercial fields in Georgia and North Carolina 
during the spring, 1990. These samples will be screened for the presence of both OGSV and 
OMV, using ELlSA and cloned cDNA probes, in order to determine the distribution of these 
viruses in the Southeast United States. Experimental field plots are planned in order to 
determine the correlation between symptom expression and virus titer, virus titer and yield loss 
and to identify oat cultivars possessing levels of resistance useful for future breeding programs. 
In addition to completing the molecular characterization of OMV, we will determine the 
relatedness between OGSV-NC and OGSV-UK. Western blot analysis has shown that wheat 
soil-borne virus (the type member of the furovirus group) antisera does react with OGSV CP 
indicating that there is some degree of homology between the two viruses and thus provides 
further evidence that OGSV has been properly classified in the furovirus group. Further 
comparisons between OGSV and other furoviruses will be performed in the future. 
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SOIL-BORNE WHEAT MOSAIC VIRUS AND WHEAT SPINDLE STREAK MOSAIC VIRUS I N  ITALY 

2  
C. R u b i e s - ~ u t o n e l l l  and V. Va l l ega  

1 )  1st. P a t o l o g i a  V e g e t a l e ,  Via F i l i p p o  Re 8,  40126 Bologna,  I t a l y  
2 )  1st. Spe r imen t a l e  p e r  l a  C e r e a l i c o l t u r a ,  Via C a s s i a  176 ,  00191 Roma, I t a l y  

Summary 

I n  I t a l y ,  t h e  most w ide ly  grown b read  wheat  cv s .  a r e  r e s i s t a n t  t o  SBWMV. On t h e  
c o n t r a r y ,  many o f  t h e  h igh -y i e ld ing  durums r e l e a s e d  d u r i n g  t h e  p a s t  two decades  a r e  
ex t r eme ly  s u s c e p t i b l e  t o  t h i s  d i s e a s e .  SBWMV is widespread ,  e s p e c i a l l y  i n  Nor th  and  
C e n t r a l  I t a l y ,  b u t  WSSMV a p p e a r s  o n l y  a  minor menace t o  wheat c r o p s .  Var ious  
I t a l i a n  durum wheat  cv s .  showed t o  be r e s i s t a n t  t o  mixed SBWMV and WSSMV i n f e c t i o n .  

I n t r o d u c t i o n  

. . 

I n  I t a l y ,  So i l - bo rne  Wheat Mosaic V i r u s  (SBWMV) was f i r s t  r e p o r t e d  i n  1960,  on 
wheat c v s .  grown i n  t h e  Nor thern  r e g i o n s  of  t h e  c o u n t r y  (Canova and Q u a g l i a ,  1960) .  
More r e c e n t  su rveys  have shown t h a t  t h i s  v i r u s  is widespread  a l s o  i n  s e v e r a l  
C e n t r a l  p r o v i n c e s  a s  w e l l  a s  i n  t h e  t r a d i t i o n a l  durum wheat growing a r e a s  o f  t h e  
South  (Rubies-Autonel l  and Va l l ega ,  1985;  Va l l ega  and Rubies-Autonel l ,  1987; 1989; 
Rana and L a f o r t e z z a ,  1988) .  Wheat S p i n d l e  S t r e a k  Mosaic V i r u s  (WSSMV), on t h e  
c o n t r a r y  h a s  been r e p o r t e d  o n l y  i n  a  few f i e l d s  and ,  s o  f a r ,  always i n  c o n j u n c t i o n  
w i t h  SBWMV (Rubies-Autonel l  and Va l l ega ,  1987,  1990) .  Mixed SBWMV and WSSMV 
i n f e c t i o n s  a r e  c ause  o f  concern  i n  t h a t  t h e  concomitant  p r e sence  o f  t h e s e  v i r u s e s  
is c la imed t o  r e n d e r  SBWMV r e s i s t a n c e  genes  i n e f f e c t i v e  (Lommel, W i l l i s .  and 
Kenda l l ,  1986) .  I n  t h i s  pape r  we summarizes t h e  r e s u l t s  o f  a  s e r i e s  o f  v a r i e t a l  
r e s i s t a n c e  t r i a l s  and f i e l d  s u r v e y s ,  a s  w e l l  o f  o u r  s t u d i e s  on t h e  i n t e r a c t i o n  o f  
SBWMV and WSSMV durum wheat  cv s .  i n f e c t e d  by bo th  pa thogens .  

M a t e r i a l s  and Methods 

F i f t y - e i g h t  durum wheat  c v s . ,  24 common 'wheat  c v s . ,  and 24  b a r l e y  c v s .  were 
e v a l u a t e d  f o r  SBWMV r e s i s t a n c e  i n  a  un i fo rmly  SBWMV-infested f i e l d  n e a r  Rome. The 
t r i a l s ,  performed i n  d i f f e r e n t  y e a r s ,  were l a y e d  o u t  a cco rd ing  t o  randomized b lock  
d e s i g n s  w i th  t h r e e  r e p l i c a t e s  ( 1 0  sqm e a c h ) .  SBWMV symptom s e v e r i t y  was r a t e d  
acco rd ing  t o  a  1-4 s c a l e  ( s e e  Va l l ega  and Rubies-Autonel l ,  1985 ) .  

The p r e sence  o f  SBWMV and WSSMV i n  C e n t r a l  and Southern  1 t a l y  was surveyed  on 
randomly chosen  durum wheat  and common-wheat f i e l d s .  P l a n t  e x t r a c t s  were p roce s sed  

by Isem. 
The development o f  mixed SBWMV and WSSMV i n f e c t i o n s  was s t u d i e d  on bo th  r o o t  and 

s h o o t  samples  c o l l e c t e d  a t  v a r i o u s  growth s t a g e s  from e i g h t  durum wheat cvs .  
pose s s ing  d i f f e r e n t  l e v e l s  o f  SBWMV r e s i s t a n c e .  I n v e s t i g a t i o n s  were c a r r i e d  o u t  f o r  
t h r e e  c o n s e c u t i v e  y e a r s  i n  r e p l i c a t e d  t r i a l s  grown i n  f i e l d  n a t u r a l l y  i n f e s t e d  by 
bo th  SBWMV and WSSMV. Viral p a r t i c l e  c o u n t s  were made u s i n g  an  a m p l i f i e d  Isem 
procedure  ( ' I s e m - r l ,  S tobbs  1 9 8 4 ) i n  t h a t  p r e v i o u s  expe r imen t s  had shown t h a t  t h e  
use  o f  t h i s  t e chn ique  a l l o w s  t h e  d e t e c t i o n  o f  SBWMV and WSSMV even i n  r e s i s t a n t  
cv s .  o r  d u r i n g  t h e  e a r l i e s t  and l a t e s t  phase s  o f  i n f e c t i o n  (Rubies-Autonel l ,  1989 ) .  

R e s u l t s  

A s  c a n  be s e e n  i n  Tab l e  1,  abou t  two t h i r d s  o f  t h e  durum wheat  c v s . ,  t e s t e d  



demonst ra ted  t o  be r e s i s t a n t  o r  modera te ly  r e s i s t a n t  t o  SBWMV. However, bo th  r o o t  
and s h o o t  t i s s u e s  c o l l e c t e d  from t h e s e  cvs .  c o n t a i n e d  a t  l e a s t  a  few SBWMV 
p a r t i c l e s  when a n a l y s e d  by Isem-r. Many o f  t h e  h i g h - y i e l d i n g  semidwarf cv s .  
r e l e a s e d  d u r i n g  t h e  p a s t  two decades  showed t o  be ex t r eme ly  s u s c e p t i b l e  t o  SBWMV. 

Y ie ld  l o s s e s  a t t r i b u t a b l e  t o  SBWMV a s  h i g h  a s  70% were e s t i m a t e d  f o r  some o f  t h e s e  
cvs .  ( V a l l e g a  and Rubies-Autonel l ,  1985 ) .  

The r e s u l t s  of o u r  f i e l d  expe r imen t s  w i t h  b r ead  wheats  showed t h a t  most o f  t h e  
cvs .  p r e s e n t l y  grown i n  I t a l y  a r e  e i t h e r  r e s i s t a n t  o r  modera te ly  r e s i s t a n t  t o  
SBWMV. A s  i n  t h e  c a s e  o f  durums, p a r t i c l e s  o f  SBWMV were d e t e c t e d  i n  r o o t  and  s h o o t  
t i s s u e s  o f  r e s i s t a n t  cv s .  

None of t h e  24 b a r l e y  cvs .  t e s t e d  showed c l e a r  f o l i a r  symptoms o f  SBWMV, b u t  t h e  
v i r u s  was d e t e c t e d  i n  bo th  r o o t  and  s h o o t  t i s s u e s  o f  cv s .  J e f f  and  J a i d o r .  SBWMV 
p a r t i c l e s  were observed,  a l s o  i n  r o o t  t i s s u e s  o f  a p p a r e n t l y  symptomless sorghum 
p l a n t s  grown i n  a n  a d j a c e n t  f i e l d .  

F i g .  1 i l l u s t r a t e s  t h e  r e s u l t s  of a  s e r i e s  o f  s u r v e y s  made by d i f f e r e n t  

r e s e a r c h e r s  on t h e  p r e s e n c e  o f  SBWMV and WSSMV i n  I t a l y  (Canova and  Guag l i a ,  1960;  
Cor ino  and  G r a n c i n i ,  1975;  Giunchedi  and  C r e d i ,  1977;  Rubies-Autonel l  and  V a l l e g a ,  

1985;  V a l l e g a  and  Rubies-Autonel l ,  1987,  1989;  Rana and L a f o r t e z z a ,  1988 ) .  I t  
whould be no t ed  t h a t ,  s o  f a r ,  WSSMV h a s  been found o n l y  i n  c o n j u n c t i o n  w i t h  SBWMV. 

P o s i t i v e  s i g n i f i c a n t  c o r r e l a t i o n s  between SBWMV and WSSMV p a r t i c l e  c o u n t s ,  a s  
w e l l  between SBWMV p a r t i c l e  c o u n t s  and  SBWMV f o l i a r  symptom s e v e r i t y  e v a l u a t i o n s ,  
were found,  amongst e i g h t  durum wheat  cv s .  c o i n f e c t e d  by SBWMV and WSSMV (Tab l e  2 ) .  

A s  i l l u s t r a t e d  i n  F i g .  2 . ,  p a r t i c l e  numbers i n  t h e  l e a v e s  t ended  t o  peak  - f o r  bo th  

I - .  
$ 

a 
i .. g 
b -- 
D 

F i g .  1 - D i s t r i b u t i o n  o f  SBWMV and WSSMV F i g .  2 - SBWMV and WSSMV p a r t i c l e  
i n  l t a l y .  The p r o v i n c e s  were SBWMV is numbers i n  l e a v e s  o f  e i g h t  durum 
widespread  a r e  marked t h e i r  i n i t i a l s ;  wheats  from Janua ry  t o  May 1988.  
c i r c l e s  and a s t e r i s k s  r e p r e s e n t ,  r e spec -  
t i v e l y ,  o t h e r  s i t e s  where SBWMV and WSSMV 
have been  d e t e c t e d .  



v i r u s e s  - a t  t h e  t ime when f o l i a r  symptoms reached t h e i r  maximum express ion .  I n  t h e  

case  of WSSMV, t h e  maximum no. of p a r t i c l e s  was reached about  20 days e a r l i e r  than 

f o r  SBWMV, and t h e  same was observed f o r  t h e  WSSMV-characteristic spindle-shaped 

dashes ,  which appeared about  30 days e a r l i e r  t han  t h e  c h l o r o t i c  mot t l i ng  
a t t r i b u t a b l e  t o  SBWMV. 

Discuss ion 

SBWMV is widespread i n  I t a l y ,  and may become a  most s e r i o u s  l i m i t i n g  f a c t o r  f o r  
wheat product ion i f  new c u l t i v a r s  a r e  no t  c a r e f u l l y  s e l e c t e d  f o r  r e s i s t a n c e .  Many 
of  t h e  h igh-yie lding durums r e l e a s e d  dur ing  t h e  p a s t  two decades a r e  extremely 
s u s c e p t i b l e  t o  SBWMV. On such cvs . ,  , y i e l d  l o s s e s  caused by SBWMV can be a s  h igh a s  
7096, t h a t  is, o f  t h e  same magnitude a s  those  r epor t ed  some 2 5 .  y e a r s  ago on some 
bread wheats grown i n  Northern I t a l y  (Toder i ,  1969) .  P r e s e n t l y ,  most bread wheat 
cvs.  a r e  e i t h e r  r e s i s t a n t  o r  moderately r e s i s t a n t  t o  SBWMV.However, s i n c e  SBWMV 
p a r t i c l e s  a r e  p r e s e n t  even i n  r e s i s t a n t  wheats,  it is ev iden t  t h a t  t hese  cvs .  t o o  
c o n t r i b u t e  t o  t h e  s u r v i v a l  of  SBWMV i n  i n f e s t e d  f i e l d s .  Indead, a  s i m i l a r  r o l e  is 
probably played a l s o  by ba r l ey  and sorghum crops .  

So f a r ,  WSSMV has  been de tec t ed  only  i n  a  few f i e l d s ,  and t h e r e f o r e  it appears  
t o  be - a t  present-  only  a  minor menace t o  wheat c rops  i n  I t a l y .  The s imul taneous  

occurrence  of  WSSMV and SBWMV on wheat has  been claimed t o  cause  a  breakdown of  
r e s i s t a n c e  t o  SBWMV (Lommel W i l l i s  and Kendal l ,  1986) b u t  our  r e s u l t s  do n o t  
confirm t h e s e  f ind ings .  I n  f a c t ,  va r ious  I t a l i a n  durum wheat cvs .  showed t o  be 
r e s i s t a n t  t o  both SBWMV and WSSMV when co in fec ted  by these  v i r u s e s .  
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Table 1 - React ions  of  i t a l i a n  Tr i t icum durum cvs .  t o  SBWMV 

r a t i n g s  1 - r a t i n g s  I r a t i n g s  
C u l t i v a r s  Disease  1 C u l t i v a r s  Disease  

Adamello MS 
Aldura R 
Ambral MS 

C u l t i v a r s  Disease  

Amedeo 
Appio 

Appulo 
Arcangelo 
Athena 
B e r i l l o  

Bravo 
Brunda 
C a p e i t i  

Cappe l l i  
C a s t e l l o  
Creso 
D u i l i o  
Endura 
F i l i p p o  
Gabbiano 

Giano 

Grazia  MS 
I a p i g i a  MR 

MR 

I Karel  
La t ino  
Laur ia  

L i r a  
Makit 
Messapia 

Mito 
Murgia 
Nepal 
Nora 
Norba 
O r s i n i  

Piceno 
P l i n i o  
Procace 
Produra 

Quadruro 

Rodeo MS 
S a l a p i a  MS 
San Albe r to  MR 
Simeto 
S o l i t a r i o  
T ibu la  
Tr i n a k r i a  
U l i s s e  
V a l f i o r a  

V a l f o r t e  
Valgerardo 
V a l i t a l i c o  

Valnova 
Va l r i cca rdo  
Valse lva  
Vespro 
Vezio 
V i  t r o n  

--- 
*  ise ease s e v e r i t y  s c a l e :  R= r e s i s t a n t  ( s l i g h t  o r  no symptoms); MR= mildy r e s i s -  

t a n t  (mi ld  mot t l i ng  and s t u n t i n g ) ;  MS= mildly  s u s c e p t i b l e  ( m o t t l i n g  and 
s t u n t i n g ) ;  S= s u s c e p t i b l e  ( s e v e r e  mot t l i ng  and s t u n t i n g ,  d ieback) .  

Table  2  - F i e l d  r e a c t i o n s  and no. of  SBWMV and WSSMV p a r t i c l e s  i n  r o o t  and l e a f  tis- 
sues  of  e i g h t  durum wheat c v s  (means o f  e i g h t  c o l l e c t i o n  d a t e s ,  January-May 1988) 

C u l t i v a r s  

La t ino  
Quadruro 

Appio 
Creso 
Graz ia  

Vespro 
L i r a  
Valnova 

F i e l d  
r e a c t i o n  

R 

R 

MR 
MR 

MS 
MS 
S  
S  

Average No. of  v i r a l  ~ a r t i c l e s / g . s .  

SBWMV 

leaves  

0.5 
3.7 
0.4 
1.0 

131.2 
61.5 

348.4 
606.9 

WSSMV 

r o o t s  

0.5 
2.6 
0.3 
3 .5  

15.1 

18.3 
11.5 
22.5 

l e a v e s  

0 . 1  
0.1 

0.1 
t r a c e  

0.1 

1 .O 
3.2 
7.7 

r o o t s  

0 . 1  
0 .2  

0 .3  
0.1 
1.1 
0 .3  
1 . 3  
5.5 



WHEAT SOIL-BORNE MOSAIC VIRUS ISOLATED FROM RYE I N  GERMANY 

W .  H u t h  a n d  D. -E.  L e s e m a n n  
. . 

B i o l o g i s c h e  B u n d e s a n s t a l t  f u r  L a n d -  u n d  ~ ' o r s t w i r t s c h a f t ,  
I n s t i t u t  f u r  V i r u s k r a n k h e i t e n  d e r  P f l a n z e n , M e s s e w e g  1 1 / 1 2 ,  
D - 3 3 0 0  B r a u n s c h w e i g ,  Ge rmany  

T h e  o c c u r r e n c e  o f  w h e a t  s o i l - b o r n e  m o s a i c  v i r u s  (WSBMV) i n  Germany  
h a s  b e e n  f i r s t  d e s c r i b e d  i n  1 9 8 2  ( P r o e s e l e r  e t  a l . ,  1 9 8 2 ) .  N e a r  
H a l d e n s l e b e n  ( e a r l i e r  GDR) a  f e w  r y e  p l a n t s  o n l y  w e r e  f o u n d  i n  m i x e d  
i n f e c t i o n  w i t h  w h e a t  y e l l o w  m o s a i c  v i r u s  (WYMV). I n  1 9 9 0  P r o e s e l e r  
( p e r s .  comm.) i d e n t i f i e d  WSBMV a l s o  i n  r y e  p l a n t s  c o l l e c t e d  n e a r  
Z e r b s t  i n  t h e  e a r l i e r  GDR, a g a i n  i n  m i x e d  i n f e c t i o n .  We r e p o r t  h e r e  
WSBMV f r o m  a  t h i r d  f i e l d  c l o s e  B r a u n s c h w e i g  i n  t h e  f o r m e r  FRG. I n  
t h i s  c a s e  a n  a r e a  o f  a b o u t  t w o  h a  a p p e a r s  t o  b e  t o t a l l y  i n f e s t e d  b y  
WSBMV i n  t h e  f o l l o w i n g  d e s i g n a t e d  WSBMV-G1. T h e  u n i f o r m  d i s t r i b u -  
t i o n  o f  WSBMV i n  t h i s  f i e l d  s u g g e s t s  t h a t  t h e  v i r u s  o c c u r s  t h e r e  
a l r e a d y  s i n c e  s e v e r a l  y e a r s .  No indication was f o u n d  i n  t h i s  c a s e  
f o r  t h e  p r e s e n c e  o f  WYMV i n  m i x e d  i n f e c t i o n s  w i t h  WSBMV. 

Symptoms  o f  i n f e c t e d  p l a n t s  

I n  M a r c h i A p r i l  p l a n t s  o n  i n f e s t e d  a r e a s  i n  t h e  f i e l d  a p p e a r e d  l i g h t e r  
g r e e n  t h a n  h e a l t h y  p l a n t s .  T h i s  i m p r e s s i o n  was d u e  t o  t h e  l i g h t  
g r e e n  s t r e a k s  o f  d i f f e r e n t  l e n g t h  i r r e g u l a r l y  d i s t r i b u t e d  o n  t h e  
l e a f  s u r f a c e s .  I n  g e n e r a l  i n f e c t e d  p l a n t s  r e m a i n e d  s m a l l e r  t h a n  t h e  
h e a l t h y  o n e s  a n d  s y m p t o m  b e a r i n g  l e a v e s  became n e c r o t i c  a n d  d i e d  
e a r l i e r  t h a n  l e a v e s  f r o m  h e a l t h y  p l a n t s .  On l e a v e s  d e v e l o p e d  i n  
May a t  r a i s i n g  t e m p e r a t u r e s  o n l y  a  f e w  v i r u s  i n d u c e d  s t r e a k s  w e r e  
p r o d u c e d .  

T r a n s m i s s i o n  s t u d i e s  

C r u d e  s a p  o f  i n f e c t e d  r y e  p l a n t s  f r o m  t h e  f i e l d  m i x e d  w i t h  C a r b o r u n -  
dum w e r e  u s e d  f o r  m e c h a n i c a l  i n o c u l a t i o n s .  I n f e c t e d  l e a v e s  w e r e  homo- 
g e n i z e d  i n  0.1M K2HP04 !pH 9 , l )  a s  w e l l  a s  i n  0.1M p h o s p h a t e  b u f f e r ,  
pH 7 . 0 .  No d i f f e r e n c e s  I n  i n f e c t i o n  r a t e s  w e r e  d e t e c t e d  f o r  t h e  t w o  
e x t r a c t i o n  m e d i a .  I n o c u l a t e d  p l a n t s  w e r e  c u l t i v a t e d  i n  g r o w t h  cham- 
b e r s  a t  1 2  - 15O C,  s i n c e  i t  h a d  b e e n  o b s e r v e d  t h a t  s y m p t o m  e x p r e s -  
s i o n  i n  g e n e r a l  was e n h a n c e d  b y  r e l a t i v e  l o w  t e m p e r a t u r e s  ( b e l o w  15O C) 
R e s u l t s  r e v e a l e d  t h a t  a l l  c e r e a l  s p e c l e s  u s e d  i n  t h i s  s t u d y  w e r e  h o s t s  

T a b l e  1 
I n f e c t i o n o f  c e r e a l  - s ~ e c i e s  b v  WSBMV-G1 a n d  OGSV a f t e r  m e c h a n i c a l  
inoculation 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T e s t  P l a n t s  
S o u r c e  o f  

V i r u s  I n o c u l u m  O a t  B a r l e y  Whea t  Rye N. b e n t h a m .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
WSBMV-G1 r y e  - * 4 / 6 0 * *  1 6 1 3 1 2  3 0 1 6 0 0  5 / 1 1  

OGSV o a t  2 / 4 0  - - - 2 4 / 2 4  

* n o t  t e s t e d  
* *  n u m b e r  o f  i n f e c t e d  / n u m b e r  o f  i n o c u l a t e d  p l a n t s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



o f  t h e  v i r u s  b u t ,  l i k e  w i t h  o a t  g o l d e n  s t r i p e  v i r u s  (OGSV) i n o c u l a -  
t e d  p l a n t s  became i n f e c t e d  ( T a b l e  1 ) .  N i c o t i a n a  b e n t h a m i a n a  was much 
more s u s c e p t i b l e  t o  b o t h ,  WSBMV-G1 and  OGSV, t h a n  t h e  c e r e a l s ;  a l l  
o f  t h e  p l a n t s  i n o c u l a t e d  w i t h  OGSV a n d  n e a r l y  t h e  h a l f  o f  t h e  p l a n t s  
i n o c u l a t e d  w i t h  WSBMV-G1 became s y s t e m i c a l l y  i n f e c t e d .  

E l e c t r o n  m i c r o s c o p i c a l  s t u d i e s  

P a r t i c l e s  o f  WSBMV-G1 w e r e  e a s i l y  v i s u a l i z e d  e l e c t r o n  m i c r o s c o p i -  
c a l l y  i n  n e g a t i v e  s t a i n e d  c r u d e  s a p  p r e p a r a t i o n s  i n  i n f e c t e d  p l a n t s  
o r  p r e p a r a t i o n s  o f  p u r i f i e d  v i r u s e s .  F o r  p u r i f i c a t i o n  t h e  method 
d e s c r i b e d  by Adams e t  a l .  ( 1 9 8 8 )  f o r  OGSV was u s e d .  L e n g t h  m e a s u r e -  
m e n t s  o f  1 1 7 2  v i r u s  p a r t i c l e s  f rom c r u d e  s a p  p r e p a r a t i o n s  r e v e a l e d  
two maxima l e n g t h  d i s t r i b u t i o n s  ( F i g .  1 )  s i m i l a r  w i t h  o t h e r  f u r o -  
v i r u s e s  ( B r u n t  and  R i c h a r d s ,  1 9 8 9 ) .  S e v e n t y  p e r c e n t  o f  t h e  p a r t i c l e s  
fo rmed a  maximum o f  s h o r t e r  p a r t i c l e s  w i t h  a  n o r m a l  l e n g t h  o f  1 7 1  
nm, 1 4  % f o r m e d  a  s e c o n d  maximum a t  327 nm. The s l i g t h l y  h i g h e r  
l e n g t h  v a l u e s  o b t a i n e d  h e r e  compared t o  v a l u e s  r e p o r t e d  i n  l i t e r a -  
t u r e  f o r  WSBMV ( B r u n t  and  R i c h a r d s ,  1 9 8 9 )  may be d u e  t o  t h e  u s e  o f  
u r a n y l  a c e t a t e  by u s  i n s t e a d  o f  p h o s p h o t u n g s t a t e  by J a p a n e s e  a u t h o r s  
( e . g .  H i b i n o  e t  a l . ,  1 9 8 1 ) .  

F i g .  1. 
L e n g t h  d i s t r i b u t i o n  o f  p a r t i c l e s  o f  WSBMV-G1 i n  
c r u d e  s a p  p r e p a r a t i o n s  n e g a t i v e l y  s t a i n e d  w i t h  
1 % u r a n y l  a c e t a t e .  

S e r o l o g i c a l  i d e n t i f i c a t i o n  

WSBMV-G1 h a s  b e e n  s e r o l o g i c a l l y  compared i n  i m m u n o e l e c t r o n  m i c r o s c o -  
p i c a l  d e c o r a t i o n  t e s t s  w i t h  a  WSBMV f rom t h e  USA and OGSV f rom Eng- 
l a n d .  The d e c o r a t i o n  t i t e r s  g i v e n  i n  T a b l e  2  r e v e a l e d  t h a t  OGSV a n d  
WSBMV-G1 r e a c t e d  much more s t r o n g e r  w i t h  t h e i r  homologous  a n t i s e r a  
t h a n  w i t h  t h e  h e t e r o l o g o u s  a n t i s e r a .  The r e s u l t s  d e m o n s t r a t e d  f u r t h e r -  
more t h a t  WSBMV-G1 i s  more c l o s e l y  r e l a t e d  t o  WSBMV f rom t h e  USA 
t h a n  t o  OGSV. We, t h e r e f o r e ,  c l a s s i f y  t h e  r y e  i s o l a t e  a s  WSBMV. 



1 4 1  

T a b l e  2  

S e r o l o g i c a l  r e l a t i o n s h i p  b e t w e e n  WSBMV-G1 and  OGSV ' r e v e a l e d  by 
d e c o r a t i o n  t e s t s  ( f i g u r e s  a r e  r e c i p r o c a l  d e c o r a t i o n  t i t e r s )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A n t i g e n  
OGSV* WSBMV . . 

A n t i s e r u m  f rom o a t  f rom r y e  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OGSV 230-4* 400  4  0  

WSBMV** 200 8 0 0  

WSBMV-ry e  400 3200  
. . 

v i r u s  and  a n t i s e r u m  were  k i n d l y  p r o v i d e d  

* by M.J.  Adams, R o t h a m s t e d  E x p e r i m e n t a l  S t a t i o n ,  U K ,  and  
* *  by M . K .  B r a k k e ,  L i n c o l n ,  N e b r a s k a ,  USA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E c o n o m i c a l  i m p o r t a n c e  

The t o d a y s  i m p o r t a n c e  o f  WSBMV-G1 a s  a  p a t h o g e n  f o r  c e r e a l s  i s  l i m i -  
t e d  t o  s m a l l  r e g i o n s  i n  Germany o n l y  and it i s  n o t  p r e d i c t a b l e  
w h e t h e r  it w i l l ,  l i k e  t h e  y e l l o w  m o s a i c  i n d u c i n g  v i r u s e s  o f  b a r l e y  
BaYMV and  BaMMV ( H u t h ,  1 9 8 8 )  become more d i s t r i b u t e d  d u r i n g  t h e  
coming y e a r s .  I n  c o n t r a s t  t o  t h e  l a t t e r  v i r u s e s ,  WSBMV-G1 o c c u r s  
on a n  a r e a  w i t h  v e r y  l i g h t  s o i l .  May be  t h i s  i s  o n e  o f  t h e  r e a s o n s  
f o r  t h e  l i m i t e d  s p r e a d i n g  o f  t h i s  v i r u s .  S i m i l a r l y  t o b a c c o  r a t t l e -  
v i r u s  i n f e c t i o n s  i n  r y e  grown on c o m p a r a b l e  s o i l s  i n  t h e  n o r t h e r n  
German L u n e b u r g e r  H e i d e  ( H u t h  and Lesemann,  1 9 8 4 )  r e m a i n e d  l o c a l l y  
l i m i t e d  and d i d  n o t  s p r e a d  i n  o r d e r  t o  become an e c o n o m i c a l l y  i m p o r -  
t a n t  p a t h o g e n  o f  c e r e a l s .  
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NUCLEOTIDE SEQUENCE AND GENOME ORGANIZATION OF SOIL-BORNE WHEAT 
MOSAIC VIRUS RNA I1 
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Soil-borne wheat mosaic virus (SBWMV), type member of the furovirus 
group, has a unique characteristic among plant viruses in that 
portions of wild-type (WT) RNA I1 frequently delete spontaneously in 
infected wheat plants at about 17OC. Deletion mutants cause more 
severe eymptoms on wheat plants than WT virus. Infection and 
replication of both WT and mutant viruees are temperature-sensitive 
above 20°C. To investigate the mechanism of deletion and the 
determinants of increased virulence, as well as reasons for 
temperature sensitivity, and to identify fungus transmission 
factor(s), cDNA of WT RNAs I and I1 and deletion mutant RNA I1 were 
prepared to construct f ull-length cDNA clones from which biologically 
active RNA can be transcribed. WT virus was isolated from a field in 
Nebraska in 1988. A deletion mutant (Lab. 1 isolate) was produced 
from WT virus collected in the same field in 1975 by successive 
mechanical transfers in wheat plants. Nucleotide sequencing of both 
WT and mutant RNA I1 species indicated that: (1) in WT RNA 11 (3592 
nt) , next to the 5 ' untranslated region of 333 nt, there is an open 
reading frame ( O W )  for a 19.3 K polypeptide (capsid protein) 
terminated at an opal codon, followed by an in-frame coding region 
for an additional 64.4 K stopped by an ochre codon; (2) toward the 3' 
end, there is another ORF for a 18.8 K polypeptide, followed by the 
3 ' untranslated region of 403 nt; (3) mutant RNA I1 (2424 nt) has two 
single nt deletions in the 5' untranslated region and two internal 
deletions in the opal read-through region; 108 nt immediately after 
the opal codon and 1058 nt before the ochre codon; and (4) in 
addition to the two deletions, there are two, one and two amino acid 
differences in the capsid protein, read-through polypeptide and 18.8 
K polypeptide regions, respectively. In vitrotranscription/ 
translation analyses indicate that the 3 ' proximal, 18.8 K 
polypeptide could be expressed in vivo from a eubgenomic mRNA. 
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Summary 

The genome organizat ion of tobacco necros i s  v i rus  (TNV) s t r a i n  A i s  very s imi la r  
t o  t h a t  of the  carmoviruses. Comparison of t h e  amino ac id  sequences of the  en- 
coded pro te ins  with o ther  v i r a l  p ro te ins  revealed re la t ionsh ips  with d i f f e r e n t  
small icosahedral  p l a n t  v i ruses .  The 82-kDa pro te in  of TNV shows sequence s i m i -  
l a r i t y  with the pu ta t ive  RNA polymerases of tu rn ip  c r i n k l e  v i r u s ,  carnat ion 
mott le  v i r u s ,  cucumber necros i s  v i r u s ,  tomato bushy s t u n t  v i r u s ,  maize ch loro t ic  
mott le  v i r u s ,  red clover  necro t ic  mosaic v i r u s ,  and barley yellow dwarf v i r u s ,  
while TNV coa t  p ro te in  is  r e l a t e d  t o  t h e  s t r u c t u r a l  p ro te in  of southern bean 
mosaic v i r u s .  Based on these re la t ionsh ips .  we suggest t h a t  TNV can still  be 
c l a s s i f i e d  i n  a monotypic virusgroup. 

Introduct ion 

Tobacco necros i s  v i r u s  (TNV) is  a small icosahedral ,  fungus-transmitted v i r u s ,  
which is  o f t e n  assoc ia ted  with s a t e l l i t e  v i ruses  (Kassanis. 1970; Fraenkel- 
Conrat. 1988). The s i n g l e  v i r a l  genomic RNA is 3.8-4.0 kb long (Condit and 
Fraenkel-Conrat, 1979, Bishop e t  a l . ,  1967). It  has no cap s t r u c t u r e  nor a VPg, 
t h e  5 ' - terminal  sequence being ppApGpUp (Lesnaw and Reichmann. 1970). There is no 
poly(A) t a i l  a t  t h e  3'terminus (Condit and Fraenkel-Conrat. 1979). Two double- 
s t randed R N A s  of l e s s  than fu l l - l eng th  were i s o l a t e d  from TNV-infected tobacco 
(Condit and Fraenkel-Conrat, 1979). These correspond t o  two 3 ' - terminal  subge- 
nomic R N A s  of resp.  1 .6  and 1 .3  kb (Meulewaeter e t  a l . ,  1990a). 

The almost complete sequence of the  genomic RNA has recen t ly  been determined 
(Meulewaeter e t  a l . ,  1990a). This shows t h a t  TNV is c lose ly  r e l a t e d  t o  the 
carmoviruses with respec t  t o  i ts  o v e r a l l  genomic organizat ion.  However, both t h e  
pu ta t ive  RNA polymerase and t h e  coat  p r o t e i n  of TNV show extensive sequence 
s i m i l a r i t y  with the  corresponding pro te ins  of severa l  o ther  small icosahedral  
v i ruses .  The s ign i f icance  of these f indings f o r  the  c l a s s i f i c a t i o n  of TNV is  
discussed (Meulewaeter e t  a l .  1990b). 

Resul ts  and Discussion 

Genome organizat ion 

The sequence of t h e  f i r s t  3660 nucleot ides from t h e  5'end of t h e  RNA genome of 
TNV has been determined (Meulewaeter e t  a l . ,  1990a; Genbank/EMBL Data L ibra r ies  
Accession No.M33002). This  shows t h e  presence of t h r e e  l a r g e  open reading frames 
(Fig.  1). ORF 1 ( n t  60-668) codes f o r  a 23-kDa p r o t e i n  and read-through of i ts  
amber codon g ives  a 82-kDa pro te in  (ORF2). The t h i r d . l a r g e  ORF (ORF 5 : n t  2613- 
3443) encodes TNV coa t  p ro te in  (30 kDa). Two small open reading frames a r e  lo-  
cated between ORF 2 and 5.  ORF 3 ,  which extends from n t  2218 t o  2436, encodes a 
7.9-kDa p r o t e i n  while ORF 4 ( n t  2440-2610) encodes a 6.2-kDa pro te in .  A t h i r d  
small ORF (ORF 6 : n t  3467-3646) with a coding capaci ty f o r  a 6.7-kDa pro te in  
was found downstream from the  coa t  p ro te in  c i s t r o n .  

The 23 and 82-kDa pro te ins  a r e  probably expressed from the  genomic RNA. The hy- 
b r i d i z a t i o n  p a t t e r n  of  the  subgenomic R N A s  with d i f f e r e n t  probes suggests  t h a t  
the  l a r g e s t  subgenomic RNA codes f o r  t h e  7.9-kDa pro te in  while t h e  smallest  one 
i s  t h e  mRNA f o r  the  coa t  p ro te in  (Meulewaeter e t  a l . .  1990a). The s ign i f icance  of 
the  o t h e r  ORFs remains unclear .  This gives a genome organizat ion very s imi la r  t o  
t h a t  of carnat ion mottle v i r u s  (CarMV; Guilley e t  a l . ,  1985) and tu rn ip  c r ink le  
v i r u s  (TCV; Carrington e t  a l . ,  1989) (F ig .1) .  



6.7 

CarMV 37.8 

TCV 38.1 - 
TNV . 

Comparison of  t h e  genome s t r u c t u r e s  of  CarMV. TCV. and TNV. Corresponding 
ORFs a r e  drawn i n  t h e  same way (white ,  black o r  gray blocks)  and on t h e  subge- 
nomic RNAs  which a r e  thought t o  be responsible  f o r  t h e i r  expression. The s t i p p l e d  
boxes represent  ORFs of TNV f o r  which t h e r e  a r e  apparent ly no subgenomic R N A s .  
Numbers above t h e  ORFs i n d i c a t e  t h e  molecular weight ( i n  k i loda l tons)  of the  
p ro te ins  encoded by these  ORFs. For TNV t h e  numbers of t h e  ORFs a s  used i n  t h e  
t e x t  a r e  given below t h e  ORFs. The dashed l i n e s  represent  t h e  3'end of TNV RNA 
which has no t  been sequenced. 

Sequence s i m i l a r i t y  with o ther  v i ruses  

The read-through p a r t  of t h e  8 2 - k ~ a  pro te in  contains  t h e  GXXXTXXXNXIB-WGDD 
sequence motif t y p i c a l  f o r  RNA polymerases (Kamer and Argos. 1984. Hase o e t  
a l . ,  1984). This p r o t e i n  a l s o  shows extensive sequence s i m i l a r i t y  with the  
pu ta t ive  RNA polymerases of  CarMV (Guil ley e t  a l . .  1985).  TCV (Carrington e t  a l . .  
1989) , cucumber necros i s  v i r u s  (CNV; Rochon and Tremaine, 1989). tomato bushy 
s t u n t  v i r u s  (TBSV; Hearne e t  a l . ,  1990). red clover  n e c r o t i c  mosaic v i r u s  (RCNMV; 
Xiong and Lommel. 1989).  maize c h l o r o t i c  mott le  v i r u s  (MCMV; Nutter  e t  a l . ,  1989) 
and bar ley  yellow dwarf v i r u s  (BYDV; Mil ler  e t  a l . .  1988). The percentage of 
I d e n t i c a l  amino ac id  residues f o r  t h e  read-through p a r t  v a r i e s  between 44% (CarMV 
and MCMV) and 33% (BYDV). 

Moreover, t h e  coa t  p ro te in  of TNV a l s o  shows sequence s i m i l a r i t y  with t h e  s t ruc-  
t u r a l  p r o t e i n s  of severa l  o ther  small icosahedral  p lan t  v i ruses ,  l i k e  southern 
bean mosaic v i r u s  (SBMV; Hermodson e t  a l . ,  1982). TBSV (Hopper e t  a l . ,  1984). 
TCV (Carr ington e t  a l . .  1987). CNV. CarMV, RCNMV and melon necro t ic  spo t  v i rus  
(MNSV; Riv ie re  e t  a l . ,  1989). The three-dimensional s t r u c t u r e  of the  coat  pro- 
t e i n  subuni t s  of  some of  these v i ruses  has been determined a t  high resolut ion 
(Olson e t  a l . ,  1983, Hogle e t  a l . ,  1986, Abad-Zapatero e t  a l . ,  1980) and appear- 
ed t o  be s i m i l a r .  E s s e n t i a l l y ,  t h e  subunits  a r e  organized i n t o  four  d i s t i n c t  
domains: R (random, N-terminal),  a (arm, connecting R and S ) ,  S ( s h e l l )  and P 
(projecting. C-terminal).  The h ighes t  degree of sequence s i m i l a r i t y  was found i n  
the  h i g l y  s t ruc tured  S domain. For TNV coat  p ro te in  t h e  highest  number of iden- 
t i c a l  amino acid res idues  i n  t h e  S domain was found with SBMV c o a t  p ro te in  (63 



i . e .  34% of  pa i red  res idues)  whereas with t h e  o thers  there  was only between 22% 
and 27% s i m i l a r i t y  (Meulewaeter e t  a l . .  199Ob). Moreover, t h e  t o t a l  number of 
residues i n  t h e  S domain of  TNV (186) is c l o s e r  t o  t h a t  of  SBMV (191) than t o  
t h a t  of a l l  the  o t h e r s  (between 162 and 167) .  Only a few small  gaps a r e  needed 
f o r  the  alignment of TNV and SBMV coa t  p ro te in .  So. TNV coa t  p ro te in  could be 
al igned aga ins t  the  a h e l i c e s  C and D of  SBMV which a r e  lacking 3: TCV and 
TBSV, TNV and SBMV coa t  p ro te in  a r e  a l s o  more s i m i l a r  a t  t h e i r  Ca binding 
s i t e s  and both lack  t h e  P domain. 
The 7.9-kDa pro te in  shows, besides an i d e n t i c a l  C-terminal sequence (FNF), only 
l imi ted  sequence s i m i l a r i t y  with t h e  small p ro te ins  of  CarMV ( p 7 ) ,  TCV (p8)  and 
MCMV ( p 9 ) .  The t r a n s l a t i o n  products of  t h e  two o ther  small  ORFs do not  show 
sequence s i m i l a r i t y  with any o t h e r  known v i r a l  p ro te in .  

Relat ionship with o t h e r  v i ruses  

Based upon its o v e r a l l  genomic organizat ion,  tobacco necros i s  v i r u s  is  c lose ly  
r e l a t e d  with CarMV and TCV. However, t h e  d i f f e r e n t  p ro te ins  encoded by TNV show 
sequence s i m i l a r i t y  with those of  var ious o t h e r  small  icosahedral  v i ruses .  F i r s t .  
t h e  p u t a t i v e  RNA polymerase of  TNV is a l s o  homologous t o  those of CNV. TBSV, 
BYDV, MCMV and RCNMV. Second, t h e  coa t  p ro te in  sequence is  s i m i l a r  t o  t h a t  of 
SBMV, although the  RNA polymerase of t h e  l a t t e r  (Wu e t  a l . .  1987) shows only 
l imi ted  sequence s i m i l a r i t y  with t h a t  of TNV (around t h e  GDD mot i f ) .  Less 
sequence s i m i l a r i t y  was found with t h e  capsid pro te ins  of o t h e r  icosahedral  
v i r u s e s ,  l i k e  TCV. CarMV, CNV, RCNMV, TBSV and MNSV. A l l  t hese  re la t ionsh ips ,  
together  with those previously described (Mayo e t  a l . .  1989, Veidt e t  a l . .  1988). 
support t h e  concept of  modular evolut ion (Zimmern, D., 1987) by which genes o r  
p a r t s  of  genes can be exchanged between v i r u s e s ,  permit t ing a more o r  l e s s  in -  
dependent evolut ion of d i f f e r e n t  genes. 

A s  suggested e a r l i e r  (Morris and Carrington. 1988). TNV is c l e a r l y  r e l a t e d  t o  
t h e  carmoviruses, but  t h e r e  a r e  a l s o  some major d i f fe rences ,  a s  t h e  absence of a 
cap s t r u c t u r e  a t  t h e  5'end of TNV RNA. Furthermore, t h e  c o a t  p ro te in  of TNV is 
more r e l a t e d  t o  t h e  s t r u c t u r a l  p ro te in  of SBMV. The presence of  two addi t iona l  
ORFs is  a l s o  a p o t e n t i a l  d i f fe rence .  These arguments support t h e  c l a s s i f i c a t i o n  
of TNV i n  a monotypic v i r u s  group. 
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FUNGUS A HOST OF MAIZE INFECTING TOBACCO NECROSIS VIRUS 
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summary 

A new severe disease of maize grown for seed production was found to be caused by tobacco necrosis virus (TNV). 
Infected plants exhibited leaf scorch, yellowing and premature death leading to severe crop loss in the 1988 season. 
Water samples taken from several irrigation sources in 1989, in three different regions, were found to contain 
infectious TNV. Water from the same sources had been used to irrigate maize in the 1988 season. Soil samples 
taken in 1989 from fields on which diseased maize had grown during the 1988 season also contained infectious 
TNV. The presence of a fungus appeared to be a common contaminant of seed, plants, water and soil samples 
analysed. Infectious TNV was isolated from fungal cultures grown on culture media. The presence of virus inside 
fungal hyphae was demonstrated by immuno-fluorescent technique. Electron microscopy confirmed the presence 
of hexagonally shaped virus particles in seed, water, soil and fungal preparations. The TNV isolated from maize 
reacted strong positive with anti-TNV-A and less strong with anti-TNV-D sera received from Professor R Koenig, 
BBA, Braunschweig. A coat protein Mr of 30 KDa and ssRNA of Mr 1.3 Mda (3.9 kb) was determined for the maize 
infecting TNV-isolate. The isolate from the fungus after propagation in plants could not be differentiated from the 
maize-isolate. 

Introduction 

A new disease of maize was noticed for the first time in the 1988 winter season in the Eastern Transvaal Lowveld. 
The magnitude and destructiveness of the disease justified a more detailed investigation. Initial studies had 
indicated that a complex of viruses was present in natural infections including maize streak virus, maize dwarf 
mosaic virus (strain A & B), cucumber mosaic virus and another virus which was later identified as tobacco 
necrosis virus (TNV). The presence of a particular fungus in all materials investigated, focussed our attention on ik 
possible role in causing the disease of maize. In this paper we provide evidence that this fungus is a host of TNV. 

Materials and Methods 
, . 

Material brought to the laboratory from the maize producing regions for analysis included diseased plant material, 
original and progeny seed, soil, irrigation water, grasses including Panicum maximum and Sorghum ha1epen.w. Plant 
material was ground in 0.01M phosphate buffer pH7 clarified by low speed centrifugation and concentrated by 
ultracentrifugation for two hours. Soil. (300 yl) soaked in distilled water and water samples (300 ml) were 
concentrated by ultracentrifugation. The funguswas cultured on potato dextrose agar (PDA) or liquid potato 
dextrose. Fungal hyphae were fragmented in a mortar and pestle with celite or with an Ultraturrax homogeniser 
before concentration. Culture media in which hyphae had grown, were also concentrated. A variety of hosk were 
used for infectivity assays including Nicotiam tabacum cv. Soulouk, Xanthi and White Burley, N. glutinosa, N. 
benthamiam, Choropodium quinm, C. amaranticolor and P h w l u s  vulgaris cv. Bonus. Assays were done on detached 
leaves on moist filter paper in large Petri dishes. Inoculated leaves were kept in the dark for 24 hours before 
placing them under cold fluorescent light. Antisera were prepared to concentrated preparations of naturally 
infected plants and after propagating virus isolates in laboratory plants. For comparative purposes antisera to TNV 
strains A and D were received fromDr. R. Koenig, BBA, Braunschweig and anti-TNV-A from Dr R.O. Hampton, 
Oregon State University. Immunological assays included the following: Ouchterlony double diffusion in agar gel, 
immuno-fluorescent technique (6), immunoelectroblotting (7) and immunosorbent electron microscopy (ISEM). 
Virus coat protein was sized on PAGE according to the method of Laemrnli (5). ssRNA isolation was performed 
(2). Sizing of ssRNA was done on denaturing formaldehyde agarose gels with an RNA ladder (BRL) and tobacco 
mosaic virus RNA as reference. A digoxygenin-labelled probe was made by using the Boehringer protocol and a 
ssRNA end-labelled probe (1). 

Results 

Extracts prepared from cultured fungus yielded infectious TNV and typical hexagonal particles were viewed in the 
electron microscope (Fig. 4A). Examination with fluorescent-labelled antibodies revealed strongly fluorescing 
hyphae and apparent virus crystals inside hyphae (Fig. 1A). Sporangia with spore content intact fluorexed 
strongly (Fig. 1B). Single spore progeny of the positively infected'cultures continued to be infected after several 
cycles of subculturing (resulk not shown). Free-living nematodes which came into the laboratory with field 
samples appeared to feed on the same fungus. When treated with fluorexent-labelled antibodies, such nematodes 
appeared to harbour fungal clusters in the esophageal and anterior intestinal regions (Fig. 1C) (9). Maize plants 



infected with a mixture containing fungus, virus and nematodes became infected and fungal masses were seen in 
maize leaf cells when heated with fluorescent labelled antibodies (Fig. ID). 

Immunoelectroblots of concentrated specimens before or after passage through plants, with various antisera, 
showed a band in the 30 KDa position. The virus isolated from fungus growing in water (TNV-WF) was postively 
identified as a TNV-A type strain with anti-TNV-A serum. The virus isolate was subsequently used as marker to 
identify further new isolates. Fig. 2A & B illustrates a typical blot where samples prepared from water concentrates 
after one passage through plants were blotted with (A)anti-TNV-maize and (B)anti-TNV-WF. The TNV-isolates 
were further characterised by sizing the RNA. A size of 3.9 kb was determined for the RNA of TNV-WF, TNV 
from river water (Lo), and irrigation water (Br) (Fig. 3A). The same samples used in Fig. 3A were run on an 
agarose gel, blotted onto Hybond-N and hybridised with a digoxygenin-labeled TNV-WF-RNA probe (Fig. 38). In 
PAGE the virus coat protein was sized at 30 KDa using standard M.W. markers (Fig. 3 0 .  Both values correspond 
well with published data (Fraenkel-Conrat 1985). In ISEM studies antisera to shain-A and -D were utilised to 
determine the strain relationship of TNV-WF. Fig. 4 illushates the strong positive happing and decorating 
achieved with anti-TNV-A serum (b); similarly shong happing and decorating with the anti-TNV-WF homologous 
serum (c) and positive happing with anti-TNV-A but little or no decoration with anti-TNV-D (d). End-labelled 
ssRNA of TNV-WF was used to probe total nucleic acid extracts of several plant species suspected to be infected 
with TNV (Fig. 5A). The hybridisation blot further provides evidence that TNV replicates in fungal hyphae (row e, 
lane 3a and 4a) and that the virus product is either exported into the liquid media or released when hyphae age 
(row e, lane 5a, 6 & 6a). Virus particles and virus protein were repeatedly identified in liquid culture media. 

Discussion 

Initial biological and epidemiological studies had identified certain factors which apparently all contributed to the 
scorching disease in maize (10). Further in depth studies provides evidence for the presence of TNV inside fungal 
hyphae. Previous work provided evidence for the association of TNV and the zoospores of the fungus Olpldium 
brussicae (3). Our results provide evidence that TNV appears to have a firm association with a fungus belonging to 
the Zygomycetes. Evidence obtained with dot blot hybridisation confirmed the replication of TNV in fungal 
hyphae (Fig. 5A & B). This finding is supported by viewing virus crystals in hyphae (Fig 1A) and the isolation of 
fair quantities of infectious virions from fungal cultures and that the fungus did not lose the ability to support virus 
replication through various generations of subculturing. To our knowledge this is the first report of a fungus being 
host to TNV. It is also the first report of an alleged plant virus having a fungal host. In an investigation stretching 
over two seasons, including three geographic regions, the presence of the fungus and the virus appeared to be 
interlinked. The fact that TNV-maize was found to be seedborne (10) explains the gradual build-up of the disease 
over several generations, resulting finally in total crop loss of one hybrid during the 1988 season (10). The disease 
situation was further compounded by the presence of virus, fungus and free-living nematodes in water used for 
overhead irrigation. Maize irrigated with subterranean water did not become diseased. 

TNV had previously been isolated from surface water (8) and from ditches and drainage canals (4). We now report 
a fungus being host to TNV found in fast flowing river water and in storage water of a large irrigation scheme. The 
fungus and virus was also isolated from soil irrigated with contaminated water. The finding that TNV was detected 
in several systematically diseased plants (Fig. 5A) indicates that its occurrence is fairly common in South Africa. 

Fig. 1. (a) Fungal hyphae heated with fluorescent antibody showing virus crystals (b) a sporangium with 
fluorescing spores photographed with a Neofluar lense (40~);  (c) nematode esophageal and anterior intestinal 
region with fluorescing fungal clusters and (d) maize leaf from plant infected with nematodes, fungus and virus 
illustrating fluorescing fungal masses in leaf cells. 



Fig. 2. Immunoelectroblot of viral isolates from plants inoculatbd with concentrated preparations from water 
collected from two sources. Blots were probed with anti-TNV-maize and anti-TNV-WF; 1 and 6, TNV-WF; 2,3 and 
4, TNV isolate from river water (Lo) propagated on bean and two different tobacco cvs; 5 and 10, TNV isolate from 
imgation water (Br) propagated on tobacco. 
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Fig. 3. A. Agarose gel of RNA. 1, TNV-WF; 2, TNV-irrigation water (Lo); 3, TNV-irrigation water (Br). 4, TMV; 5, 
tobamo; 6, TNV-WF; 7, TMV. B. Digoxygenin-labelled blot of RNA. I ,  TNV-WF; 2, TNV-D; 3, TNV-A; 4, TNV- 
irrigation water (Br); 5, TNV-river water (Lo). Water-isolates of TNV were passaged once through plants for RNA 
isolation. C. PAGE of virus coat protein. 1, M.W. markers; 2-4, water concentrates (Lo) propagated on different 
plants; 5, water concentrate (Br) propagated on tobacco. 

Fig. 4. Electron micrographs of TNV-WF (a) Negative stain, (b) and (c) pxitive trapping and decorating with anti- 
TNV-A and anti-TNV-WF and respectively and (d) trapping with TNV-A and decoration with anti-TNV-D serum. 



Fig. 5. A. Total nucleic acid extracts of several species of plants, one fungus isolate and its culture fluid, probed 
with end-labelled ssTNV-WF-RNA. (a) 1-6, Passifbra specimens; (b) 1-6, Gramineae specimens; (c) 1, TNV-WF; 2, 
TNV-soil isolate; 3, Lachmaliu; 4 Piper nigrum; 5, commercial tobacco; (d) 1, TNV-D; 2, TNV-WF; 4 and 5, clean 
tobacco leaf; (e), 3a & 4a, Water-fungus hyphae grown on agar; 5a,6,6a, residual culture fluid after removal of 
water-fungus hyphae from liquid media. B. Digoxygenin-labelled probe of TNV-WF-RNA; (a) 1, TNV-A SSRNA; 6, 
TNV-WF ssRNA isolated from fungus; (b) 1-6, dilutions of TNV-WF-ssRNA. 
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SOIL-BORNE VIRUSES OF MELONS AND CUCUMBERS IN FRANCE. 

R.  N. CAMPBELL', H. LECOQ~,  C. WIPF-SCHIEBEL~, and S. T. SIM' 

1)  P l a n t  Pathology, Univers i ty  of  C a l i f o r n i a ,  Davis, CA 95616, and 2 )  S t a .  
Pathologie  Vegetale,  INRA, 84140 Montfavet 

Summary 

Seve ra l  v i r u s e s  t h a t  produced n e c r o t i c  l e s i o n s  on most hos t  range p l a n t s  were i s o l a t e d  
from sys t emica l ly  in fec t ed  c u c u r b i t s  i n  French glasshouses  o r  p l a s t i c  t u n n e l s  between 
1979 and 1989. S ing le - l e s ion  t r a n s f e r s  were done f o r  each of  n ine  i s o l a t e s .  The 
i s o l a t e s  were i d e n t i f i e d  s e r o l o g i c a l l y  with the  p ro te in  A-sandwich enzyme-linked 
immunosorbent a s say  (PAS-ELISA). Five  of  t h e  i s o l a t e s  from cucumber and melon were 
melon n e c r o t i c  s p o t  v i r u s  (HNSV); two i s o l a t e s  from cucumber were A s e ro types  o f  
tobacco n e c r o s i s  v i r u s  (TNV); one i s o l a t e  from cucumber was a D s e ro type  o f  TNV; and 
one i s o l a t e  from cucumber was petunia  a s t e r o i d  mosaic v i r u s  (PAHV). The MNSV i s o l a t e s  
were r e s t r i c t e d  t o  cucurb i t  h o s t s  and could be divided i n t o  s t r a i n s  o r i g i n a t i n g  from 
cucumber o r  those  from melons by the  d i f f e r e n t i a l  r e a c t i o n  of  Marketer cucumber. The 
cucumber s t r a i n s  caused 2-4 rn n e c r o t i c  l e s i o n s  on cucumber cv Marketer i n  4-5 days  
whereas t h e  melon s t r a i n s  produced pinpoint  n e c r o t i c  l e s i o n s .  The p resen t  paper is 
t h e  f i r s t  r e p o r t  o f  a D s e ro type  of  TNV on cucumbers i n  Europe o r  of  n a t u r a l  i n f e c t i o n  
of  cucurb i t  h o s t s  by PAMV. 

In t roduc t ion  

Seve ra l  soi l -borne  v i r u s e s  have been descr ibed on c u c u r b i t s  i n  r e c e n t  yea r s :  cucumber 
so i l -bo rne  v i r u s  (CSBV), cucumber l e a f  s p o t  v i r u s  (CLSV), cucumber f r u i t  s t r e a k  v i r u s  
(CFSV), and melon n e c r o t i c  s p o t  v i r u s  (HNSV). These v i r u s e s  a r e  d i s t i n c t  from v i r u s e s  
r epor t ed  e a r l i e r  on cucurb i t  hos t s :  cucumber nec ros i s  v i r u s  (CNV), and tobacco 
n e c r o s i s  v i r u s  (TNV); o r  o t h e r s  such a s  tomato bushy s t u n t  v i r u s  (TBSV) from non- 
c u c u r b i t  hos t s .  Suspected s o i l  borne v i r u s e s  were i s o l a t e d  a t  Montfavet between 1979 
and 1989 from melons and cucumbers wi th  systemic n e c r o t i c  symptoms. The o b j e c t i v e  o f  
t h i s  paper is the  s e r o l o g i c a l  i d e n t i f i c a t i o n  o f  n ine  v i r u s e s  from t h i s  c o l l e c t i o n .  

Mate r i a l s  and Methods 

The v i r u s e s  were s t o r e d  i n  in fec t ed  p l a n t  t i s s u e  d r i e d  over calcium ch lo r ide .  The dry  
c u l t u r e s  were recovered by s a p  inocu la t ion  t o  hos t  range p l a n t s  and maintained i n  t h e  
c u c u r b i t  hos t  from which the  v i r u s  had been i s o l a t e d  o r i g i n a l l y .  S i n g l e  l o c a l  l e s i o n  
i s o l a t e s  were prepared f o r  each unknown v i rus .  Se ro log ica l  t e s t s  were done by the  
p r o t e i n  A sandwich-enzyme l inked  immunosorbent assay (PAS-ELISA) (Edwards 8 Cooper, 
1985) us ing  p ro te in  A-alkaline phosphatase conjugate  from Sigma. The a n t i s e r a  were 
from c o l l e c t i o n s  o f  t he  a u t h o r s  p lus  CLSV from Dr. Weber, CFSV from Dr. G a l l i t e l l i ,  
CSBV from Dr. Koenig, and MNSV from Dr. Bos. Homologous v i r u s e s  were used a s  p o s i t i v e  
c o n t r o l s .  The degree  of  s e r o l o g i c a l  r e l a t edness  o f  some i s o l a t e s  was v i sua l i zed  i n  
g e l  double d i f f u s i o n  t e s t s .  

R e s u l t s  and Discussion 

Melon n e c r o t i c  s p o t  v i r u s  (HNSV) which has  been found i n  many c o u n t r i e s  (Hibi 8 
Furuki ,  1985) was the  most commonly detected v i rus .  Five  o f  t he  i s o l a t e s  were 
i d e n t i f i e d  as MNSV because they r eac ted  with a n  antiserum t o  MNSV provided by L. Bos 
but not  with a n t i s e r a  t o  CNV, CLSV, CFSV o r  TBSV. The hos t  range o f  HNSV was 
r e s t r i c t e d  t o  c u c u r b i t s  and we d i d  not  g e t  nec ro t i c  l o c a l  l e s i o n s  on Chenopodium spp. 
a s  r epor t ed  f o r  t h e  s t r a i n  o f  t h i s  v i r u s  i s o l a t e d  from melons with t h e  sys temic  
d i s e a s e ,  c r i b l u r e  (Marrou and R i s se r ,  1967). I s o l a t e s  of MNSV were grouped i n t o  2 
subgroups t h a t  were c o r r e l a t e d  with t h e  host  of  o r i g i n  (melon vs.  cucumber) by the  
d i f f e r e n t i a l  r e a c t i o n  o f  Marketer cucumber. Melon i s o l a t e s  caused pinpoint  n e c r o t i c  
l e s i o n s  i n  5-7 days  whereas cucumber i s o l a t e s  caused 2-4 mm n e c r o t i c  l e s i o n s  i n  4-5 
days.  The cucumber and melon i s o l a t e s  caused s i m i l a r  l o c a l  n e c r o t i c  l e s i o n s  on melons 
and pin-point  n e c r o t i c  l e s i o n s  on cucumber cv K1700 i n  5-7 days. 



Three isolates, each obtained from cucumber in a different greenhouse near Orleans in 
June of 1987, were identified as tobacco necrosis virus strains (TNV). Two isolates 
reacted in PAS-ELISA with antiserum to Kassanis' A strain of TNV (KA TNV, A serotype) 
but not with antiserum to New Zealand strain of TNV (NZ TNV, D serotype). In gel 
double diffusion plates, no hooks formed between these two isolates and KA TNV when 
tested against KA TNV antiserum. The third isolate reacted with antiserum to NZ TNV 
but not with antiserum to KA TNV in PAS-ELISA. No hooks formed between this isolate 
and NZ TNV when they were tested against NZ TNV antiserum in gel double diffusion. An 
A serotype of TNV, originally named cucumber necrosis virus van Koot and van Dorst 
(1955), has been reported on cucumbers in Europe (Babos & Kassanis, 1963) and a D 
serotype of TNV has been reported from New Zealand (Thomas & Fry, 1972). All three 
French isolates of TNV were acquired in the in vitro manner and transmitted by a 
single sporangium isolate of g. brassicae from California. The present report is the 
first of a D type of TNV on cucurbits in Europe. 

One virus isolate (E60) collected from cucumber in southern France in April 1980 was 
identified as PAMV. When it was increased in cucumber cotyledons, it reacted in PAS- 
ELISA with antisera of TBSV-type, TBSV-BS, and PAMV but not with antisera to CNV, 
CSBV, CLSV, or NZ TNV. The results with PAS-ELISA agreed with the serogrouping of 
tombusviruses (Koenig & Gibbs, 1986) and with lack of serological relationship between 
TBSV and CNV which has been placed in the tombus group (Rochon & Tremaine, 1988). In 
gel diffusion tests using antisera to PAMV and to E60, there were no hooks between 
either virus with either antiserum. Although PAMV and E60 are serologically 
identical, they are probably not biologically identical. The homologous optical 
density values obtained in PAS-ELISA for PAMV and TBSV that had been increased in 
melon or cucumber cotyledons were at background levels in one test and weakly positive 
in another test whereas these viruses were readily detected from N. clevelandii. PAMV 
was detected in cucurbit bait plants in greenhouse tests (Lovisolo et al. 1965) but 
has not been ?ound previously in naturally infected cucurbits. 

Diverse viruses have been found in necrotic syndromes of cucumbers and melons in 
France. Their incidence and economic impact are probably greater than previously 
recognized and warrant further study. 
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ECOLOGICAL OBS,ERVATIONS ON PETUNIA ASTEROID NOSAIC VIRUS (PeAflV) 
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Summary 

PeANV is a tombusvirus first found in petunia in 1954, but never 
isolated again from that plant. It has been reported mainly from 
woody hosts (cherries, plums, grapes, privet and dogwood), from 
hops, spinach, and from the roots of Chgnopodium album, Cucumis 
peng, Plantago mnipr and Stellarja mgdja. 
The virus has some properties that make it soil-borne: high 
concentration in roots, natural leaching of virus particles from 
roots, rather long persistance in soi 1 ,  easy mechanical 
transmissibility. 
Available data suggest that PeANV is common in the roots of 
many plants, and is spread naturally mainly by surface water. 
PeANV, in the first environment where it was found (petunia and 
privet), may have been transmitted through a fungus, but such a 
vector has not yet been found. Further work using oipidiym 
radicale as a possible vector would be interesting. 

PeANV is a tombusvirus first found in petunia in 1954 (Lovisolo, 
1957), but .never isolated again from that plant. During the. 
following ten years nothing was published on the biology a.nd 
ecology of this virus. The second report of the presence of PeANV 
in nature was that of Lovisolo all (1965) referring to the 
isolation of the virus in 1944 from roots mainly of privet 
(Ligystrum yylgaag) but also of Chenoppdjym album, Cucumis mqlp, 
Plantsgp pnip~ and Stgilarja penis. This second iso1.ation was. 
from the same environment as 1954: 21 big concrete pots (each 
containing a6out 80 cubic dm of soil) in which privet plants .. 

were grown, but where occasionally petunia and volunteer plants, 
mainly weeds, were present. 

Starting from 1976 PeANV was reported from other plants and 
countries. First in Ontario (Canada) where the virus ( then 
called tomato bushy stunt-P) was isolated from fruit pitting of 
sweet cherry (Allen and Davidson, 1967; Davidson and Allen, 
1976). In the same year PeANV was found in grapevines in West 
Germany (Bercks, 1947), and a few years later Brunt and Stace- 
Smith (1972) found a virus closely related to PeANV, fairly 
common in dogwood and privet in Sussex, England ( A .  Brunt, 
personal communication). 

PeANV was reported more frequently starting from 1975. 
Albrechtova all (1975) found that the disease known since 1956 
in Central Europe as detrimental canker of sweet cherry was 
associated with a virus similar to Allen and Davidson's TBSV-P 
and to Bercks' grapevine isolate. In the following years isolates 
or strains of PeANV were found in Czechoslovakia, East and Uest 
Germany and Italy in cultivated cherries, plums and grapes, as 
Summarized by Koenig and Kunze (1982) and Nartelli al,  (1788). 
In addition PeANV was also isolated from hops with yellow 
mottling and malformation in Czechoslovakia (Novak & Lanzova, 



1976). and from spinach with stunting and leaf symptoms in 
Yugoslavia (Eric EL e l , ,  1986). 

Important in understanding the ecology of PeAMV is the finding of 
the virus in water of ditches coming from an area of vineyards, 
orchards and asparagus fields in the Palatinate, West Germany 
(Koenig gt d:, 1989). 

A review of the reports shows that the main hosts of PeANV are 
woody plants, especially grapevine or cherry, and that 
particularly the root systems are invaded, rather than whole 
plants, at least in species 1 ike privet. It may be that hedge or 
wild plants present near the vineyard and the orchards from where 
infected water was coming are the main source of the virus. It is 
now clear that the name "petunia asteroid mosaic" is misleading 
because petunia is not the main host and because some strains of 
PeAmV do not infect petunia or cause only chlorotic or necrotic 
lesions (Koenig and Kunze, 1982). 

PeANV has a wide experimental host range covering about 60 
species in 19 families (Lovisolo, 1957; Lovisolo gt all, 1965; 
Allen 8 Davidson, 1967). It is serologically closely related to 
art ichoke mot t led crinkle virus, intermediate1 y related to 
pelargonium leaf curl virus and to tomato bushy stunt virus-BS3, 
and distantly related-to eggplant mottled crinkle virus (Koenig 
and Gibbs, 1986). Relationships between tombusviruses is still 
not complete1 y clear: there are important serological 
variabilities at the strain level (Yetter and Luisoni, 1969; 
Hollings and Stone, 1975); serological relatedness is not 
correlated with the estimates of genome homologies (Gablitelli gt 
d,, 1985; Koenig and Gibbs, 1986). 

PeANV has some properties that make it soil borne: high 
concentration in roots, natural leaching of virus particles from 
roots, easy mechanical transmissibility, and long persistence in 
soil, especially in the presence of clays, silicates, or organic 
material. 

PeAmV, in the first environment where it was found (petunia and 
privet), may have been transmitted through a fungus, but such a 
vector was not found (Lovisolo, 1966 Campbell d,, 1975). 
Further work would be interesting, using Olpidium radical2 as 
possible vector. Until now transmission tests have been done with 
g, brassicag and Lagens cadicicola (Campbell 85 al , ,  1975). 
Macfarlane (personal communicat ion) suggested tests with 2, 
'"icale, being aware that in England this fungus becomes 
inactive in summer (Nacfarlane, 1982). Furthermore QL ~gdicale is 
the vector of cucumber necrosis virus (CNV) and of melon necrotic 
spot virus (MNSV). PeAMV and CNV ara tombusviruses, and RNSV is 
a carmovirus, but between these two groups there are many 
affinities (Rartelli g5 a l L ,  1989). 

PeARV is probably of temperate origin, being present mainly in 
temperate Europe, and under natural conditions infecting plants 
of temperate origin. The virus is also present in Canada in 
sweet cherry, and probably in grapes (Davidson and Allen, 1976), 
where i t  could have been introduced with infected material. 

If we consider the whole range of viruses which are fungus- 
transmitted. we see that this transmission is pnrticular.ly 
important for viruses which are unstable outsjde the plants 



and/or have low concent rat ion in the roots, such as tobacco stunt 
and lettuce big vein viruses. For viruses such as the 
tombusviruses, which are very stable in the soil and reach high 
concentrations in the roots, possible fungus transmission is not 
so important for their epidemiology and ecology, as spread is 
helped by human activity. With PeAMV propagation of infected 
material (both infected seed and cutting/root-stock material) may 
be important, as it may be planting susceptible plants in 
infected soil. 

However for the ecology and epidemiology of any virus it is 
important the existence of a vector even if the vector is not 
important from the agricultural point of view. Plant pathogens 
can not be maintained without horizontal transmission under 
ptlrely natural conditions, as discussed by Purcell (1982). 
Furthermore fungus transmission may help the virus to infect 
certain hosts that possess resistance to infection by virus 
particles present in the soi 1 .  Informat ion on the existence of a 
vector may also be interesting for evolutionary implications, 
because it may help to draw phylogenetic affinities between 
members of tombusviruses and carmoviruses, two groups which 
include fungus-transmitted viruses. 
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NON-VECTORED TRfiNSMISSION OF PLfiNT VIRUSES 
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Summary 

A f t e r  d e t e c t i o n  o f  p e t u n i a  a s t e r o i d  mosaic v i r u s  (PAMV) i n  pome and 
s tone  f r u i t  t r e e s  i t s  n a t u r a l  d i s t r i b u t i o n .  w i t h o u t  v e c t o r s  was 
i n v e s t i g a t e d .  I t  was e s t a b l i s h e d  t h a t  PAMV r e t a i n s  i t s  i n f e c t i v i t y  i n  
n a t u r a l l y  v i r u s  contaminated s o i l  up t o  14 weeks. The. v i r u s  was 
i s o l a t e d  from a r t i f i c i a l l y  contaminated s o i l s  a f t e r  a u t o c l a v i n g  2  
hours a t  121 "C and 11.8 x 104Pa. PAMV was more s t a b l e  i n  mo is tu red  
s o i l  and sand samples than i n  d r y  samples. A f t e r  repeated f r e e z i n g  
( - 20  "C)  and thawing t h e  samples i n f e c t i v i t y  o f  PAMV decreased t o  
l / l O t h  o f  t h e  i n i t i a l  l e v e l .  The v i r u s  adso rp t i on  was more s t r o n g  i n  
quar tz-sand than i n  s o i l .  Fur thermore,  i t  was demonstrated t h a t  PAMV 
cou ld  be re leased  f  rom r o o t s  o f  i n f e c t e d  p l a n t s  o f  Ce los i a  argentea 
i n t o  t h e  su r round ing  medium 20 d  p . i .  o r  10 d  a f t e r  appearance o f  
systemic symptoms. V i r u s - f  r e e  p l an  t s  o f  C. argentea growing under 
s t e r i l e  c o n d i t i o n s  can be i n f e c t e d  by PAMV v i a  t h e  r o o t s  f rom a  v i r u s  
contaminated medium. Thus, the  t r ansm iss i on  o f  PAMV f rom i n f e c t e d  
p l a n t s  t o  heal  thy  p l a n t s  w i  t hoc l t  v i r u s  v e c t o r s  cou ld  be demonstrated. 
Analogous r e s u l t s  were ob ta ined  w i t h  tobacco r a t t l e  v i r u s  and i n  some 
respec t  w i t h  cucumber mosaic v i r u s  b u t  n o t  w i t h  b a r l e y  ye l l ow  mosaic 
v i r u s .  

I n t r o d u c t i o n  

Outse t  o f  our  i n v e s t i g a t i o n s  was t h e  d e t e c t i o n  o f  a  tombusvi rus i n  
pome and s tone  f r u i t  t r e e s  (K le inhempel  e t  d l . ,  1971; R i c h t e r  e t  d l . ;  
1977) which was o r i g i n a l l y  desc r ibed  as tomato bushy s t u n t  v i r u s ,  
l a t e r  i d e n t i f i e d  as p e t u n i a  a s t e r o i d  mosaic v i r u s  (PAMV) ( G r i i n t z i g  e t  
d l . ,  1989) .  The d e t e c t i o n  o f  PAMV i n  f r u i t  t r e e s  r a i s e s  t h e  quest- ion 
o f  i t s  o r i g i n  and n a t u r a l  spread. L o v i s o l o  e t  a l .  (1965)  descr ibed  t he  
occurence o f  t h i s  v i r u s  i n  s o i l  b u t  no v e c t o r  was known. 

M a t e r i a l s  and Methods 

N a t u r a l  s o i l s  ( loam w i t h o r g a n i c  compounds) f rom one app le  and one 
cher ry  o rchard  were suspended i n  phophate b u f f e r  and f r a c t i o n a t e d  by 
c e n t r i f u g a t i o n  i n c l u d i n g  u l t r a c e n t r i f u g a t i o n .  Sediments were used f o r  
mechanical  t r ansm iss i on  on carborundum dusted C e l o s i a  argentea L. 
leaves'. The s e r o l o g i c a l  i d e n t i f i c a t i o n  was done by agarge l -doub le -d i f -  
f u s i o n  t e s t s  (Keg le r  e t  a l .  1980) .  E i t h e r  s o i l  samples c l o s e  t o  
i n f e c t e d  t r e e s  o r  more d i s t a n t l y  f rom these t r e e s  con ta ined  t he  v i r u s .  
Because t h e  i s o l a t i o n  was success fu l  r epea ted l y  i n  seve ra l  seasons, 
t h e  s t a b i l i t y  o f  t h i s  v i r u s  i n  s o i l  should be i n v e s t i g a t e d .  

R e s u l t s  and D i scuss i on  
V i r u s  s t a b i l i t y  i n  s o i l  
These i n v e s t i g a t i o n s  were c a r r i e d  o u t  w i t h  n a t u r a l l y  and a r t i f i c i a l l y  
v i rus -con tamina ted  s o i l .  For  a r t i f i c i a l  con tamina t ion  we used i n f e c -  
t i o u s  ex t r a c t s  f rom C. at-gentea-leaves. As s c ~ b s t r a t e s  we a p p l i e d  
s t e a m - s t e r i l i z e d  s o i l .  s t e r i l i z e d  quar tzsand and ben ton i t e .  The 
e l u t i o n  o f  t h e  v i r u s  was done as descr ibed  by Keg le r  and Kegler  
( 1981 ) .  The presence o f  v i r u s e s  i n  t h e  e l u a t e s  was assayed by mechani- 
c a l  t r ansm iss i on  on Chenopodi~trn q ~ ~ i n o a  W i  1  l d .  and coun t i ng  the  l o c a l  
l e s i o n s .  S t a t i s t i c a l  a n a l y s i s  was done by one-way a n a l y s i s  o f  v a r i -  
ance. 



There was a clear evidence that PAMV could retain its infectivity in 
naturally contaminated soil, even after repeated drying and wetting up 
to 14 weeks. From artificially qontarninated soils the elution of 
undestroyed particles could be demonstrated by electron microscopy . 
Moreover. infectious PAMV was isolated from naturally and artificially 
contaminated soils after autoclaving the soils 2 hours at 121 'C and 
11.8 x 1Cl4 Pa. T h e  virus could not retain its infectivity in plant sap 
treated in the same way. The virus in soil samples lost its infec- 
tivity after 2 h  at 137 "C and 14.7 x 104 Pa. 
These relatively high stability could be explained by the protecting 
influence of organic and/or anorganic colloids. The influence of soil 
moisture on infectivity of the virus particles in the soil was 
demonstrated by further experiments. 
At a constant temperature of 2 5  "C in moistured soil and sand samples 
PAWV was infective for 5 0  and 4 3  days, respectively. During this time 
the infectivity of the eluates decreased to nearly 5 0  % of the initial 
level . After drying the samples the infectivity decreased more 
quickly (Fig. 1). 

local l e ~ l o n ~  l leaf 

55 ............................... 
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( E$J molit dry 1 
\ 

Fig. 1: Concentration of PAMV 
in soil 

Fig. 2: Concentration of PAMV 
buffer after substrate elution 

Storing the samples a t  3 7  OC the infectivity decreased a s  quick a s  in 
dried samples. At 20 OC below zero'the infectivity was stable for 6 
weeks, after thawing the infectivity decreased t o  l/lOth of the 
initial value. 
For comparative investigations on virus adsorption of different 
substrates the samples were eluted in equidistant intervals with 0.03 
M phosphate buffer. T h e  infectivity was evaluated by counting the 



l o c a l  l e s i o n s  a f t e r  mechanical  t ransmiss ion .  I t  was shown t h a t  t he  
adso rp t i on  was more s t r o n g  i n  quar tz-sand than i n  s o i l  ( F i g .  2 I . A f t e r  
60 d  ( i . e .  7 c y c l e s  o f  e l u t i o n )  n e i t h e r  i n  e l u a t e s  f rom b e n t o n i t e  no r  
f rom s o i l  i n f e c t i o u s  v i r u s  was p resen t ,  whereas PAMV cou ld  be i s o l a t e d  
from quartz-sand even a f t e r  100 d  ( i . e .  10 c y c l e s  o f  e l u t i o n ) .  
To demonstrate t h e  adso rp t i on  o f  PAMV accord ing  t o  t h e  dep th  o f  s o i l ,  
columns o f  d i f f e r e n t  h e i g h t  were f i l l e d  w i t h  noncontaminated s o i l .  5 
m l  o f  v i r u s - c o n t a i n i n g  l e a f  sap was p laced  on t h e  t o p  o f  each colum 
and then e l u t e d  w i t h  b o i l e d  r a i n w a t e r  (pH 6 .9 ) .  The i n f e c t i v i t y  o f  t h e  
e l u a t e s  decreased w i t h  i n c r e a s i n g  h e i g h t  o f  t h e  s o i l  i n  t h e  columns 
(Tab. 1 ) .  

Tab. 1: Adsorp t ion  o f  PAMV by s o i l  p a r t i c l e s  

He igh t  o f  t h e  I n f e c t i v i t y  o f  
s o i l  column [cml t h e  e x t r a c t s  [%I  

0  100 
5 48.6 

10 4.9 
20 0.8 
4  0  0  

A11 i n f e c t i v i t y  was l o s t  by u s i n g  columns o f  40 cm h e i g h t .  I n  n a t u r a l -  
l y  contaminated s o i l s  t h e r e  was a l s o  no v i r u s  d e t e c t a b l e  i n  t h e  dep th  
o f  40 cm. 

Release o f  v i r u s e s  from r o o t s  o f  i n f e c t e d  p l a n t s  
The d e t e c t i o n , o f  " f r e e "  v i r u s  p a r t i c l e s  i n  s o i l  r a i s e d  t h e  ques t i on  o f  
i t s  sources. Re leas ing  o f  v i r u s  p a r t i c l e s  from t h e  r o o t s  o f  i n f e c t e d  
p l a n t s  was t h e  most s u i t a b l e  a s s ~ ~ m p t i o n .  To p roo f  t h i s  hypo thes is  t e s t  
p l a n t s  were grown i n  n u t r i e n t  s o l u t i o n  under s t e r i l e  c o n d i t i o n s  and 
i n o c u l a t e d  w i t h  a  v i r u s  suspension passed th rough  a  bac te r ium f i l t e r .  
A f t e r  i n o c u l a t i o n  each 1 m l  o f  n u t r i e n t  s o l u t i o n  was removed i n  
e q u i d i s t a n t  i n t e r v a l s  and assayed f o r  t h e  presence o f  v i r u s e s  by 
mechanical  t r ansm iss i on  on C. q ~ t i n o a  . Under these c o n d i t i o n s  PAMV 
cou ld  be de tec ted  i n  t h e  n u t r i e n t  s o l u t i o n  20 days a f t e r  i n o c u l a t i o n  
o r  10 d  a f t e r  occurence o f  sys temic  symptoms on C. argentea.  The 
concen t ra t i on  o f  v i r u s e s  i n  t h e  s o l u t i o n  was n e a r l y  cons tan t  f o r  60 d. 
Thus, i t  was demonstrated t h a t  PAMV cou ld  be r e l eased  from r o o t s  o f  
i n f e c t e d  p l a n t s  i n t o  t h e  su r round ing  medium. 

I n f e c t i o n  o f  h e a l t h  l a n t s  v i a  t h e  r o o t s  
I n v e s t i g a t i n g  t h e  'i;fection o f  hea l t hy  p l a n t s  v i a  t h e  r o o t s  C. 
argentea was grown under s t e r i l e  c o n d i t i o n s  i n  g l a s s  tubes on f i l t e r  
paper,  u s i n g  n u t r i e n t  s o l u t i o n ,  a g a r ' o r  quar tz-sand as subs t r a t es  . 
These s u b s t r a t e s  were a r t i f i c i a l l y  contaminated w i t h  p u r i f i e d  v i r u s  
p repa ra t i ons  which were sucked through b a c t e r i a l  f i l t e r s  be fo re .  A f t e r  
5 weeks l e a f s  o f  t h e  t e s t  p l a n t s  grown under s t e r i l e  c o n d i t i o n s  were 
removed and mechan ica l l y  assayed on v i r u s  i n f e c t i o n .  I t  was shown, 
t h a t  PAMV i s  a b l e  t o  i n f e c t  t he  p l a n t s  s y s t e m i c a l l y  v i a  t h e  r o o t s ,  b u t  
t he re  was o n l y  symptomless i n f e c t i o n .  The number o f  i n f e c t e d  p l a n t s  
grown i n  quar tz-sand was as t w i c e  as much compared w i t h  p l a n t s  grown 
i n  n u t r i e n t  s o l u t i o n  o r  agar (Tab. 2 ) .  

Tab. 2: I n f e c t i o n  o f  h e a l t h y  p l a n t s  o f  C. argentea  by PAMV i n  
s t e r i l e  condo t ions  

N u t r i e n t  s o l u t i o n  10.6 7. i n f e c t e d  p l a n t s  
N u t r i e n t  agar 9.3 % i n f e c t e d  p l a n t s  
Qua r t z  sand 
w i t h  n u t r i e n t  s o l u t i o n  24.1 % i n f e c t e d  p l a n t s  



There i s  some ev idence  t h a t  'micro wounding d u r i n g  t h e  g rowth  o f  t h e  
p l a n t s  i n  quar tz-sand favored  i n f e c t i o n  by PAMV. 
Summarizing i t  cou ld  be demonstrated t h a t  PAMV was re l eased  f rom t h e  
r o o t s  o f  s ys tem ica . l l y  i n f e c t e d  p l a n t s  i n t o  t h e  sy r r ound inq  s o i l .  I n  
t h e  s o i l  t h e  v i r u s  cou ld  s u r v i v e  ex t remly  un favou rab le  c o n d i t i o n s .  
Wi thou t  any v e c t o r  PRMV cou ld  i n f e c t  hea l t hy  p l a n t s  v i a  t he  r o o t s  
s y s t e m i c a l l y .  Thus, t h e  non vec to red  t r ansm iss i on  o f  PRMV was demon- 
s t r a t e d .  
Comparable r e s u l t s  were ob ta i ned  by Barchend (1983)  i n  t h e  case o f  
tobacco r a t t l e  v i r u s  (TRV). TRV cou ld  be i s o l a t e d  from s o i l  samples 
100 cm be1,ow s o i l  l e v e l .  Non-vectored t r ansm iss i on  cou ld  a l s o  be 
demonstrated w i t h  cucumber mosaic v i r u s  (CMV) by Pares and Gunn (1989)  
and Kontzog (1989) .  Bo th  v i r u s e s  have known vec to r s .  

.PAMV occurs  n a t u r a l l y  mos t l y  i n  loamy s o i l s  r i c h  on c o l l o i d s  whereas 
TRV i s  mos t l y  r e s t r i c t e d  on sandy s o i l s  poor OF c o l l o i d s .  
Exper iments  w i t h  non-vectored t r ansm iss i on  o f  b a r l e y  - y e l l o w  mosaic 
f a i l e d .  The p a r t i c l e s  o f  t h i s  v i r u s  l o s t  i t  i n f e c t i v i t y  a f t e r  1 o r  2  
days i n  t he  s o i l .  
Non-vectored t r ansm iss i on  o f  o t h e r  s t a b l e  v i r u s e s ,  f .e .  tobamoviruses 
seems t o o c c u r .  
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THEULTRASTRUCTURE OF THE RESTING SPORE FORMATION AND GERMINATION OF OLPIDIUK BRASSICAE 
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Summary 

The resting spores formed in root cells of tobacco plants, observed with a scanning 
electronmicroscope after freeze-fracturing, were smooth spheres initially coveredwith 
mucous material. Regular ridges later developed on the surface of the resting spores 
to form pentamer and hexamer facets. The number of facets was relative to the size of 
the resting spore. The wall structure, observed in thin sections with a transmission 
electron microscope, consisted of three layers: outer, inner, and intermediate. The 
cytoplasm was dense and contained many lipid-like bodies at the periphery. After 
individual zoospores were developed fully, an exit tube was formed by the protrusion 
of a membrane through the multilayered wall. 

Introduction 

Ol~idium brassicae is one of the common root-infecting soil-borne fungi and is known 
as the vector of certain plant viruses. The fungus is endobiotic and holocarpic. The 
life-cycle of the fungus is simple and has three stages, i.e. zoospore, zoosporangium 
and resting spore. Zoosporangia and resting spores develop in the epidermal and 
cortical cells of plant roots following infection of the cells by zoospores. While the 
ultrastructure of zoospores and zoosporangia of a brassicae has been studied in detail 
(Temmink and Campbell, 1968, 1969a. 1969b; Lesemann and Fuchs, 1970a, 1970b; Temmink, 
1971), information concerning the resting spore formation and germination at the 
ultrastructural level has been limited (Hiruki and Alderson, 1976; Hiruki, 1987). This 
paper reports the results of observations using a tobacco strain of 0- brassicae by 
scanning and transmission electron microscopy during the course of infection of tobacco 
plants. 

Materials and Methods 

Culture of 0, brassicae. The tobacco strain of the fungus used in this study was 
originally obtained from a single isolate from tobacco after repeated culture on the 
roots of cowpea (Hiruki, 1965). In some experiments Q. brassicae in tobacco seedlings 
fully infected with tobacco stunt virus (TSV) was used. The brassicae isolates were 
cultured on roots of tobacco seedlings grown in sterilized quartz sand, and watered 
with a half-strength Hoagland's nutrient solution (Hoagland and Arnon, 1950). Plants 
in microincubators (Hiruki, 1969) were maintained in growth cabinets at 17% with a 16 
h light period. The roots were examined microscopically at 24 h intervals for the 
development of resting spores. 

Scanning electron microscopy (SEN). Olpidium resting spores in root tissue were fixed 
for 1 h at 22% in 0.1 M phosphate buffer pH 7.0 containing 2% glutaraldehyde and 2% 
formaldehyde, washed with distilled water, postfixed in 2% osmium tetroxide for 30 min, 
washed again and then freeze-dried in liquid nitrogen. Some roots containing resting 
spores were freeze-fractured after fixation. Fixed roots were frozen rapidly in Freon 
13 and fractured with a pre-cooled scalpel. The fractured roots were transferred into 
liquid nitrogen, freeze-dried and examined with a Cambridge Stereoscan S4. 

Transmission electron microscopy (TEM). Olpidium resting spores in root tissue, 2-3 
mm long, were fixed overnight at 4% in 0.1 M phosphate buffer pH 7.0, containing 2% 
glutaraldehyde and 2% formaldehyde. After being rinsed in the same buffer solution for 
30 min, and then in distilled water, the samples were post-fixed with 2% osmium 
tetroxide for 4 h. They were embedded in Araldite after dehydration. Thin sections 
were stained with uranyl acetate and lead citrate. Micrographs were taken with a 
Philips Model 200 electron microscope operated at 60 kv. 



Fig. 1. 
Fig. 2. 
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Fig. 6. 
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Fig. 9. 

Olvidium brassicae resting spore at 48 h after infection. 
L brassicae resting spore showing pronounced ridges at 120 h. 
0. brassicae resting spores in root epidermal and cortical cells of a - 
tobacco seedling. 
Fractured resting spore. Note the thick wall enclosing the fungal 
cytoplasm with numerous zoospores. 
Exit tubes protruding from the wall of a mature resting spore (arrow). 
Ovoid-shaped resting spores. 
Young resting spore with thick wall. Note the dense cytoplasm. 
Resting spore containing fully developea zoospores. Note the presence of 
an exit tube (arrow). 
Fully developed zoospores in a resting spore. 
Bars, 3pm. 



: 
Results 

. . 

1n' a time course, study of resting spore forinition, th'e initial stage of resting 'spore 
format'ion was difficult to distinguish from that of zoosporangia due to theabsence of 
ridges at the spore surface. However, asthe ri'dges were Pormed on the wall surface 
after 48 h, the characteristic morphology of Ol~idium resting spore emerged (Fig,. 1) .' 
At 96 h, resting spores,, each with their characteristic thick undulating wall, were 
clearly recognizable. ' The ridges were more pronounced a t  120 h, often .showing a 

. .  . 
regular combination of pentamers and hexamers (Fig. 2). ' 

. . 

Resting spores were present in the cells of the epidermis and cortex of freeze- 
fractured roots up to 4 weeks after root inoculation with zoospores (Fig. 3). No 
resting spores were observed'in xylem or phloem elements. A freeze-fractured resting 
spore at 4 weeks showed the presence of numerous zoospores being enclosed in the thick 
walls (Fig. 4). Exit tubes were found protruding from the walls of mature resting 
spores (Fig. 5). In some cases, ovoid-shaped rysting spores were also observed (Fig. 
6 ) .  # 

In the TEM, developing resting sporangia at 72 h had dense cytoplasm containing 
mit~chondria~like organelles enclosed in smooth but thick walls which were apparently 
composed of different layers (Fig. 7). The inner layer was electron transparent and 
contained fibrous material. In a mature spore at 4 weeks, the wall was composed of at 
least three distinct layers, and enclosed fully developed zoospores. (Figs 8, 9). When 
individual zoospores were developed fully, an exit tube was formed by the protrusion 
of an inner membrane through the multilayered wall (Fig. 8). The presence of plug 
material at the very short exit tube indicated that the release of the zoospores was 
imminent (Fig. 8). 

. . 
Discussion ..I . 

The development and differentiation of thalli into zoosporangia or resting spores were 
apparent approximately 48 h after infection. Unlike zoosporangia, the cytoplasm of 
thalli that were destined to develop into resting spores did not become multinucleate. 
Cellular organelles appeared to degrade as lipid bodies started to increase at the 
periphery of the cytoplasm. The wall of an Olvidium resting spore was laid down 
exterior to the thallus plasmalemma, and the wall components appeared amorphous at the 
initial stages of its formation. However, as characteristic ridges started to develop, 
at least three layers of the wall were recognizable. The pentamer and hexamer facets 
delineated by the wall ridges probably provide structural stability as well as 
flexibility to allow contraction and expansion of the resting spore in response to 
changing environmental conditions. The facets of air-dried resting spores were seen 
more deeply sunken than those of resting spores found inside root cells. The recovery 
of TSV has been reported from viruliferous Olvidium resting spores air-dried for 20 
years (Hiruki, 1987). The persistence of TSV in Oluidium-infested soil is explained 
by the internal association of TSV with resting spores. Moreover, TSV in the resting 
spores has been shown to withstand not only unfavourable environmental conditions but 
also certain drastic treatments such as strong acid, alkali a n d W  irradiation (Hiruki, 
1987). However, SEM and TEM study in this investigation failed to detect virus or 
virus-like particles in Oluidium resting spores. The mechanism of persistent 
association of TSV with resting spores remain to be determined by further 
investigation. 
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Summary 

The tache orange/e (TO) disease of lettuce was recovered by growing lettuce bait plants 
in soil that had been stored air-dry for 3 years. The disease was transmitted by root 
washings containing, among other organisms, abundant zoospores of g. brassicae. The 
TO disease was severe on European cultivars, Danilla and Melina, and caused mild 
symptoms on the North American iceberg lettuce, Climax, and Parris Island Cos. The 
agent of TO apparently was carried internally in the vector because it was transmitted 
following acid treatment of dry roots of inoculated plants. Attempts to prove that g. 
brassicae was the vector of the agent of TO were promising but not convincing: one of 
24 single sporangial isolates of 2. brassicae transmitted TO and it also transmitted 
lettuce big vein. A TO-like symptom that consisted of mild lesions on a few outer 
leaves occurred on lettuces inoculated with a single sporangial isolate of g. 
brassicae from California. 

Introduction 

A new disease named 'Itache orang6ele" (TO) has caused severe losses in greenhouse crops 
of lettuce in France in recent years. It was often associated with lettuce big vein 
(BV) and resembled the disease described as "kringnecroseU in the Netherlands 
(Huijberts et al., 1983) and "necroses annulaires" in Belgium (Verhoyen et al., 1985) 
These authors have described the disease as soil-borne, associated with 2. brassicae, 
and graft transmissible, but not mechanically transmissible. The objectives of the 
present work were to provide proof for the suspected role of O_. brassicae as the 
vector and to compare the disease to lettuce big vein. 

Materials and Methods 

Samples of soil plus roots of affected plants were collected in 1986 from 3 properties 
where the disease was observed in France and stored air dry in plastic bags. Trapping 
of 2. brassicae from soil, maintenance of cultures on lettuce, and isolation of 
single-sporangia were done at Hontfavet by established methods (Campbell, 1988). The 
lettuce cultivars were Climax and Parris Island Cos from the United States and Danilla 
and Melina from France. A single-sporangium culture (SS 61) of g. brassicae from the 
Salinas Valley of California was used as a standard for lettuce big vein. 

Results and Discussion 

Bulk cultures (designated A, C, and T) of 2. brassicae were trapped from the three 
soil samples on lettuce cv. Danilla. Twenty bait plants of each culture were 
transplanted to pots in an unheated greenhouse. Seventeen of 20 plants of culture C 
had TO and 2 had both TO and BV. Only half the plants with culture A had symptoms 
that consisted of both TO and BV on most plants. Plants with culture T remained 
symptomless in this trial but a few plants showed TO symptoms in a later trial. The 
SS 61 bait plants developed BV alone or a mixture of BV and a TO-like symptom. This 
TO-like symptom was a mild, orange, necrotic spotting on the lower leaves, but the 
severity did not increase as TO did. Non-inoculated controls remained symptomless. 



Two bulk cultures (C 8 T) and SS61 were inoculated to an iceberg lettuce (Climax), to 
Parris Island Cos (PIC), to a crisphead lettuce (Danilla), and to a butterhead lettuce 
(Melina). For each cultivar, 10 seedlings were transplanted to pots kept in an 
unheated greenhouse, and 10 seedlings were put in pots in a plastic tunnel. Results 
have been combined for both sites. Danilla and Melina were as susceptible to BV as 
Climax, and PIC was less susceptible (symptom expression was delayed). Typical TO 
symptoms developed on Danilla and Melina but few plants of Climax or PIC showed mild 
TO symptoms that were limited to a few leaves. The T culture transmitted TO only to 1 
plant of Melina. The C culture transmitted TO to 24 of 40 plants of Melina, 4 PIC and 
1 Climax. It transmitted BV to only one plant, a Climax seedling. The SS61 culture 
transmitted BV to all cultivars and TO-like symptoms to 1 plant of PIC. 

A trial was done in California in the winter of 1990 todetermine if the TO-like 
symptoms were transmitted by the original SS6l culture. .Inoculated plants of Climax, 
PIC, and Danilla (8-10 plants/cultivar) were kept in a chamber at 18 C for 33 days and 
then at 16 C for 16 more days. The Climax and PIC plants had BV but no TO-like 
symptoms. The' Danilla plants had BV on 1 plant, TO-like symptoms on another plant, 
and both BV and TO-like on 5 plants. Equal numbers of noninoculated plants remained 
symptomless. 

Air-dried roots of 6 plants with TO symptoms from culture C were triturated; one half 
of each sample was acid-treated (N HC1 for 2 hr) and the other half was the water- 
treated check. ?. brassicae was baited from both types of extracts of 5 plants but 
not from the sixth source plant or 4 non-inoculated checks. Four of 5 cultures baited 
from acid-treated root extracts transmitted TO to assay seedlingsas did 5 of 5 
cultures from the water-treated checks. The assay seedlings inoculated with the root 
washings of three non-inoculated checks remained symptomless, but those inoculated 
with thefourth check developed TO symptoms due to contamination during the growth of 
the assay plants. 

Single sporangia of e .  brassicae were isolated from each of the 3 bulk cultures. None 
of 16 isolates from culture C or 3 isolates from culture T transmitted TO or BV. One 
of 4 isolates from isolate A transmitted both TO and BV. 

Co-transmission of TO and BV by a single sporangium isolate of 0. brassicae, co- 
transmission of both diseases by bulk cultures containing g. brassicae, and the 
discovery of a TO-like symptom associated with Californian culture support the 
hypotheses that Q. brassicae may be the vector and that TO and BV may be caused by 
variants of the same agent. 
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Summary 

"Flame Chlorosis" (FC) is a new.' virus-like. disease that  has been identified in 
spring barley, wheat and oat in Manitoba, Canada. FC is novel and unique among 
cereal diseases on the basis of: a) striking, characteristic leaf symptoms visible 
a s  early as the  oneleaf  stage; b) transmission to spring cereals from soil and 
association w i t h  the zoosporic fungus. Olpidium brassicae; c) cytopathology 
involving extensive vesiculation and peripheral distortion of chloroplasts and 
mitochondria, but not inclusions of virus-like particles or pinwheels typical of 
known soil-transmitted viruses of cereals; and d) presence in infected tissue of 
disease-specific sets of double-tranded (ds) RNAs of ca. 350 to 3500 base-pairs 
(bp). 

In June. 1985 sprlng barley plants in two ad~oining fields near Newdale, Manitoba. 
Canada were observed with striking symptoms (the basis of the  name 'flame 
chlorosis')(Fig. 1) that were unlike those of any known disease or condition of 
cereals (Haber et al., 1990). A survey for cereal virus diseases across western 
Canada m July, 1985 failed to find the new disease a t  any other location. Surveys 
(cf. Fig. 2) m 1986 and 1987 identified scattered diseased plants 111 a small number 
of barley fields near the original Newdale a t e .  In 1988 and 1989. the  disease was 
identified a t  many more locations near Newdale, and a t  a few sites was responsible 
for economic lo-. In addition. FC was recorded for the first hme in regions of 
Manitoba outnde the Newdale area (Haber, 1990). 

Field experiments carried out every summer since 1986 showed that FC could be 
transmitted by planting seed of barley or wheat in soil where plants with symptoms 
of flame chlorosis had grown earlier, with symptoms appearing as  early as  the 
oneleaf stage (Haber e t  al.. 1990). This observation and an apparent link between 
continuous cultivation in spring cereals and occurence of FC suggested the disease- 
agent w a s  transmitted from soil (Haber e t  al., 1990). Other experiments, as  well as  
light- and electron microscopy of diseased and healthy plant tissues from fields 
with FC plants, ruled out transmission by seed, insects or mechanical means and 
excluded fungi, bacteria or fastidious prokaryotes as likely causes of the diseake 
(Haber e t  al.. 1990). 

Exhaustive examination of FC leaf and root tissue by electron microscopy failed to 
detect virus-like particles. but instead revealed striking ultrastructural features 
that include massive vesiculation and peripheral distortion of chloroplasts and 
mitahondria by invagination (Haber e t  al.. 1990). In roots. the cytopathology of 
peripheral distortion and vesiculation in mitochondria and leukoplasts was similar 
to that  seen in mitochondria and chloroplasts of leaf specimens (Haber e t  al., 
1990). 

Flame chlorosis can be considered a virus-like disease because other causes have 
been ruled 'out, and because consistent sets of dsRNAs are found in diseased tissue 
but not in healthy tissue (Haber e t  al., 1990; Morris and Dodds. 1979). The 
emerging picture of flame chlorosis contains novel elements for a disease of 
cereals: a) association with virus-like dsRNAs but no virus-like particles; b) field 
transmission of the  virus-like FC agent from soil to spring cereals in contrast to 
the  known soil-transmitted cereal viruses which only a c u r  in winter cereals in 
natural infections (Adams e t  al., 1986). We report here on our recent studies of 
the msporic fungi associated with flame chlorosis. and of the variations in 



Figure 2. Distribution of flame chlorosis 
(FO in Manitoba. 

Figure F1rme chlOmsie (FO m p -  A t  the marked dtes  for each year FC was 

Detached leaves of barley cv. Argyle; 
the leftmast leaf is from a healthy 
plant. the others are fram cultured 
transplants of dirferent FC isolates. 
Note the clear variegation between 
chlomtic and green areas. 

present in more than 8.1% of plants in the 
field, and diagnosis was confirmed by 
observation of FC-speclZic symptorns in 
leaves emerging later in representative 
transplants. Inset shows area of main map 
in relation to the northern portion of the 
North American continent. 

patterns of FC-specific RNAs found in flame chlormis of different cereal hosts and 
from different locations. 

Materials and Methods 

Soil samples were taken m the course of a 1989 disease survey (Haber. 1990) from FC 
fields and from fields carefully examined to be free of FC plants. Zoosporic root 
fungi were isolated and examined using methods descnbed previously (Slykhuis and 
Barr. 1978). 

Isolates of FC hssue were collected from infected spnng cereal plants m the 
field, andlor from infected plants that had been transplanted and mamtained as 
permanent cultures (Haber et  al., 1998). This latter approach made it possible to 
obtain over hme sufficient hssue for extraction of FC-specific nucleic acids even 
fmm those isolates where there may have been as little as one young seedling to 
start with. DsRNA was extracted as described previously (Haber et  al., 1998; K i m  e t  
al., 1988). and fragment sizes estmated by a robust curve-fitting procedure 
(Plikaytis et al., 1986). using the BRL dsDNA ladder (.5 to 12 kb; BRL. Gaithersburg 
MD. U.S.A.) as a known aze  marker. 

Resulto and DLacusaion 

Isolations of zepor ic  fungi from FC- and non-FC soils (Table 1) showed a clear 
lack of association between the disease and Pdymyxa graminis, the vector of all  
fungus-transmitted viruses of cereals known to date. By contrast, there was a 
strong association between FC and the presence of 0. brassicae and L. radicimla. 
0. brassicae is known to vector tobacco stunt- and lettuce big vein viruses in a 
persistent-. and tobacco necrosis and, satellite viruses in a nqnperdstent fashion 
(Hiruki and Teakle. 1987). However. 0. brassicae has never been reported as a 
vector of a soil-borne virus that infects cereals. 



To provide direct evidence that either 0. braru'cae or L radicicala are the vector 
of the disease agent. it w i l l  be necessary to show that a unifungal isolate can 
transmit the disease agent from plants previously infected with FC by' mechanical 
means. Attempts to transmit FC mkhanically by methods similar to those employed 
for known soil-transmitted cereal viruses have been unsuccessful (Haber et al.. 
1990). Since the FC agent does not appear to be encapsidated in virus-like 
particles, alternative transmission methods are now being explored, that introduce 
intact FC-specific RNA directly into host cells. 

Table 1 .  Presenke of roo t  fungi  r e l a t e d  t o  flame c h l o r o s i s  i n  ba r l ey  
and wheat i n  Manitoba 

F u n ~  i 
Locat ion lo c host) N O .  of 0 . b  L . r  . P.g.  L . p . ,  R.g. 

samples 

Basswood 1 + 
Basswood 2 + 
Newdale 1 + 
Newdale 2 + 
Foxwarren 1 + 
Foxwarren 2 + 
B i r t l e  1 + 
S t .  Adolphe 1 + 
N i v e r v i l l e  + 
Richot + 

T o t a l s  

( b a r l e y )  
( b a r l e y )  
(wheat 
(wheat 
(wheat 
( b a r l e y )  
( b a r l e y )  
(wheat 
( b a r l e y )  
(wheat 

B i r t l e  2 - ( b a r l e y )  3 3 3 0 1 0 
S t .  Adolphe 2 - (wheat)  3 0 3 1 0 0 
Dauphin - ( b a r l e y )  4 1 4 0 0 4 

T o t a l s  10 4 10 1 1 4 

a + . . . f l ame  c h l o r o s i s  confirmed; 
- . . . f l ame  c h l o r o s i s  not  de t ec t ed  among > 10 .000  p l a n t s  

0 .  b. Olpidium b r a s s l c a e ;  L .  r .  Lagena r a d l c i c o l a ;  P. g .  Polymyxa 
graminl s; L .  i . Llgn le r a  p i lo rum;  R .  g . Rhizophydium graminis  

FC-speclfic dsRNAs were isolated from barley. bread- and durum wheat, and oat that 
had the characteristic symptoms and cytopathology of the disease. The bread- and 
durum wheat isolates from western (Basswood) and eastern Manitoba (St. Adolphe) had 
mdistlnguishable dsRNA patterns, while there were small variations in the 
distribution of the smaller dsRNAs between a western (Basswood) and an eastern 
(Niverville) isolate in barley (Fig. 3). The greatest departure in dsRNA pattern 
from the 'type' (Basswood barley) FC isolate is seen in the Glenlea oat isolate 
(Fig. 3). 

The oat FC dsRNA was extracted from tissue that had been propagated by repeated 
teaang apart and re-transplantmg of new t f le r  growth from a single origmal FC 
seedling transplanted from the field. Other analyses of FC-specific dsRNA showed 
that there was no difference between the dsRNA fragment patterns from (more 
abundant) barley FC tissue harvested directly from the field and that propagated 
over time from a angle plant taken from the same laation (Fig. 3). 

The close relationship between the putative FC agents of barley, wheat and oat 
mdicated by symptoms, cytopathology. and dsRNA patterns (Fig. 3) appears confvmed 
m prelminary Northern analyses of hybndization of wheat- and oat FC-specific 
dsRNAs mth labelled probes made from the 1450- and 960 bp fragments of 'type' FC 
dsRNA. Moreover, no RNAs from healthy cereal tissue are hybridized, further 



supporting the concept that  the FC-specific dsRNAs are the virus-like causal agent 
of the disease or its repllcative intermediate. 

A...'TYPE' barley (BassYDOd, 1 on map) 
B...bread wheat (St. Adolphe, 2 on map) 
C...bread wheat (Basswocd, 1 on map) 
D...durum wheat ( " 0,  0 ,  

" )  

E...barley W i v e r ~ ~ ~ l l e ,  3 on map) 
F...l year old plant clone of 'E' 
G...oat (Glenlea, 4 on map) 
arrows indicate bands in 'A'; sizes in bp 
are estimates based on migration relative 
to bands of 12 kb dsDNA ladder; numbers 
offset and in italics denote dsRNAs 
differing in size from FC-'TYPE'. 

Figure 3. D ~ R N A  patterns of flame chlorosis isolates from different hosts and sltes 
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THE EPIDEMIOLOGY OF WATERCRESS YELLOW SPOT VIRUS 
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Summary 

In 1989 watercress yellow spot virus (WYSV) infection in experimental 
watercress beds existed symptomlessly all year round, with symptoms only 
occasionally seen in the winter months. The distribution of WYSV within 
the beds was coincident with that of the crook root fungus (S~oneos~ora 
subterranea f. sp. nasturtii). Zinc treatment reduced the infection levels 
of both disease agents relative to levels in untreated beds. The 
distribution of virus particles in plants showing characteristic WYSV 
symptoms and in symptomless plants suggested symptom expression may be , 

associated with the movement of virus from roots into the aerial parts of 
plants. Ten watercress lines originating from different regions of the 
world displayed a range of susceptibilities from very susceptible to 
slightly resistant with an association between the levels of crook root and 
virus infection. The results of these experiments provide further 
circumstantial evidence for the role of S. subterranea f.sp. nasturtii as 
the vector of WYSV. 

Introduction 

Watercress yellow spot virus (WYSV) is a partially characterised virus : 
occurring in France (Spire, 1962) and England (Walsh, Clay and Miller, 
1989). It has isometric particles with diameters of 37-38 nm and causes 
characteristic bright yellow spots and irregular shaped blotches on the . 
leaves of some infected plants at certain times of the year. It is 
difficult to transmit the virus mechanically or by placing watercress 
plants in virus suspensions, however, transmission in the presence of the 
fungus S~onaos~ora subterranea (Wallr.) Legerh. f. sp. nasturtii Tomlinson 
(the causal agent of crook root disease of watercress) is more effective. 
S. subterranea is a member of the Plasmodiophoromycetes, members of this 
group are known to transmit at least eight viruses all of which have labile 
rod-shaped particles (Brunt, 1988). 

Tomlinson and Hunt (1987) described a disease of watercress supposedly 
caused by watercress chlorotic leafspot virus (WCLV) with symptoms similar 
to those caused by WYSV. Due to his inability to recover virus particles 
from infected watercress and inoculated indicator plants Tomlinson (1988) 
later referred to the causal agent as watercress chlorotic leafspot agent 
(WCLSA) distinguishing it from WYSV. 

This paper describes the natural occurrence of WYSV and crook root fungus 
in small experimental watercress beds over a full year (1989), the 
distribution of the virus in plants showing characteristic symptoms and 
symptomless plants and the response of watercress germplasm from different 

' 

regions of the world to infection by these pathogens. 



Materials and Methods 

From January to December, 1989 five experimental watercress beds were 
monitored at approximately 4-weekly intervals to determine the incidence 
and distribution of WYSV and crook root fungus in different regions of the 
beds. This was done by sampling 10 plants randomly across the width of 
each bed in each of three regions, the inlet region where the spring water 
enters, the middle and the outlet regions. The plants were assessed 
visually for crook root, scored for increasing severity on a scale of 0-3, 
and tested for virus infection by ELISA as described by Walsh, Clay and 
Miller (1989). Of the five beds used one was studied in greater detail 
with water temperature and pH measurements made at the time of sampling, 
two beds had zinc in the form of zinc chloride added to their water supply 
for crook root control and the remainder were untreated. 

To determine the distribution of virus in plants showing characteristic 
symptoms and,in symptomless plants, twelve of each type were collected and 
their aerial parts (shoots) separated from their roots. These component 
parts were then tested by ELISA to determine presence/absence of WYSV. 

Using a technique developed for screening watercress for resistance to WYSV 
and crook root in watercress beds (Walsh and Phelps. 1990), the responses 
of ten different watercress lines (originating from different parts of the 
world) to WYSV and crook root were studied. 

Results 

Monitoring of WYSV and crook root incidence throughout 1989 in the 
experimental watercress beds revealed that the virus existed symptomlessly 
in all beds for most of the year. Symptoms were only occasionally seen in 
the winter months. The distribution of WYSV within watercress beds was 
coincident with that of the crook root fungus. Little or no WYSV infection 
was found in watercress plants growing at the top (water-inlet region)'of 
the beds, whereas highest levels of WYSV and crook root were found in 
plants growing in the middle and lower parts (water-outlet region) of the 
beds (Table 1). Levels of WYSV and crook root were lower in zinc-treated 
beds than in untreated beds (Table 1). 

Table 1. Incidence of WYSV and severity of crook root in untreated and 
zinc-treated watercress beds in 1989. 

Treatment: No zinc Zinc 

Bed. . E5 E6 E 7 E8 
Mean TOP 2.5 3.3 0 0 
percentage Middle 58.3 32.5 18.3 17.5 
WYSV Bottom 65.8 40.8 21.7 20.8 

Total 42.2 25.5 13.3 12.8 

Mean TOP 0.21. 0.28 0.33 0.05 
crook root Middle 1.85 1.81 1.23 0.98 
score Bottom 1.57 1.58 0.82 0.64 

Total 1.21 1.22 0.79 0.56 



ELISA tests on plants showing characteristic WYSV symptoms showed that the 
virus was present in the roots of all plants and in the shoots of half of 
the plants, whereas tests on symptomless plants showed that the virus was- 
present only in their roots (Table 2). 

Table 2. The distribution of virus in watercress plants with and without 
WYSV symptoms. 

Detection of virus in: 
Shoots Roots 

Plants with foliar symptoms 6/12 12/12 

Symptomless plants 0/12 12/12 

The ten different watercress lines that were subjected to WYSV and crook 
root infection showed a range of susceptibilities from very susceptible to 
slightly resistant with UK lines being most susceptible to both diseases. 
Results showed an association between crook root scores and ELISA values 
(Table 3). In general low crook root scores were associated with low and 
medium WYSV ELISA categories and high crook root scores with medium and 
high WYSV categories (Table 3). 

Table 3. The association between crook root and WYSV in plants from ten 
different watercress lines. 

WYSV (ELISA categories) 
Low Medium High 

Low 43 54 7 
Crook root Medium 111 804 113 

High 11 8 3 32 XZ (4DF) - 101.5 
Data shown are numbers of plants in each category. 

Discussion 

The levels of WYSV infection in untreated experimental watercress beds were 
at least twice as high as those in zinc-treated beds however despite these 
levels few symptoms were seen. Examination of the raw data showed that the 
highest levels of infection occurred in the winter months. The incidence 
of crook root in the same beds was high, with levels in untreated beds 
higher than those in zinc-treated beds, and the highest levels again in the 
winter months. Tomlinson (1958) demonstrated that crook root disease could 
be controlled by the addition of zinc-fritted glass and more recently by 
adding zinc in the form of zinc sulphate to the water supply of watercress 
beds (Tomlinson and Hunt, 1987). The zinc applied as zinc chloride . 
solution is the most likely cause of reduced levels of crook root in these 
experiments. The associated reduction of WYSV in zinc-treated beds 
provides further circumstantial evidence for the role of the crook root 
fungus as vector of WYSV. The presence of WYSV particles in the aerial 
part of some watercress plants showing characteristic disease symptoms and 
the absence of particles in the aerial part of symptomless plants suggests 
that symptom expression may be associated with movement of the virus from 
roots to the shoots. The close association between crook root and WYSV 
levels in the ten watercress lines that were studied also provides 
circumstantial evidence for the crook root fungus acting as vector of WYSV, 
possibly the first record of a plasmodiophorid fungus transmitting an 
isometric virus. 
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THE POTENTIAL AND RISKS O F  TRANSGENIC PLANTS FOR RESISTANCE TO VIRUSES 
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Summary 

Currently there are three basic ways by which plant viruses are controlled: a) removal of sources 
of infection used mainly for perennial crops, b) cultural practices such as use of insecticides 
widespread in annual crops, c)  breeding in natural virus resistance. The latter has the best long 
term potential except that in many cases sources of resistance are not available o r  the resistance 
breaks down. Recently a new concept has been developed of using virus o r  virus-related sequences 
to interfere with viral replication o r  functions. This has been shown to work, at least for  some 
viruses, by transforming plants to express the viral coat protein which is thought to interfere 
with an early stage of the viral infection cycle. This concept can now be applied to other viral 
sequences. The introduction of viral sequences into crop plants, whether it be for  conferring 
non-conventional resistance o r  as vectors for  other genes, raises the possibilities of new disease 
situations arising. Viral coat protein often confers the transmission characteristics of a virus. 
In coat protein transgenic plants there is the risk of transcapsidation changing the transmission 
of viruses against which the plant is not protected. These risks will have to be assessed before 
widespread field release of such transgenic plants. 

Introduction. 

Viruses are increasingly being recognized as causing large losses to crops (see Herdt, 1988; Hull. 
1984). To counter these losses three basic approaches have been developed. Firstly, sources of 
infection can be removed, say by eradication or certification schemes (eg. eradication of cocoa 
swollen shoot infected trees in Ghana. certified virus-free potatoes in the UK). This approach is 
directed mainly to perennial crops or those which are vegetatively propagated and, with some 
notable exceptions, has not been particularly successful. The usual approach for annual crops is 
to prevent virus spread by cultural techniques such as insecticidal control of vectors or disease 
advoidance by selection of planting time. Once again there are several major disadvantages. For 
instance, spraying with insecticides does not control certain types of viruses and is becoming 
increasingly environmentally unacceptable. Control by cultural techniques may break down due to 
factors such as labour problems o r  changes in weather. The third approach is to use virus 
resistance which can be in two forms. Cross protection of infection with a severe strain by 
inoculating plant with a mild or attenuated strain of that virus has been attempted on a field 
scale in several cases, eg. tomato against tomato mosaic virus (TMV), papaya against papaya 
ringspot virus (see Urban u., 1990). This form of cross protection has not proved fully 
reliable and attenuated strains can mutate to become severe ones. Also there may be more severe 
symptoms due to synergistic effects if the crop is infected with another virus against which it is 
not protected. The other form of resistance is that under genetic control and which can be bred 
into the crop. This can vary from complete resistance (immunity) in which the virus does not 
replicate at all to tolerance in which the virus replicates but does not induce marked symptoms. 
Tolerance can lead to the sort of problems noted for cross protection and the thus, ultimate aim 
is to have complete resistance. Here the plant breeder comes up against two further problems. 
Firstly, there are only limited sources of genes which confer immunity and, fo r  many crop-virus 
combinations, none have yet been found. Secondly, even if resistance is bred into a crop new 
strains of virus may overcome it. This has been shown well in tomato where one o r  two amino acid 
changes in virus-encoded proteins are sufficient to overcome the resistance to TMV (see Hull, 
1989). However, recently the whole approach to obtaining virus resistance 'genes' has been 
revolutionized. 

A paper by Sandford and Johnston (1985) encapsulates a new concept that modified pathogen genes 
could be introduced into the host genome and would confer resistance by interfering with the 
functioning of the pathogen. This approach is particularly applicable to viruses which have 
relatively simple genomes amenable to study at the molecular biological level and to plants for 
which there are techniques being developed for transformation. This concept has already led to 
non-conventional forms of resistance to plant viruses and has opened up the possibilities of other 
sources of resistance. 



Non-conventional resistance. 

I .  Current systems. 

Three forms of non-conventional resistance have already been studied. Coat protein-induced 
resistance has proved to be the most successful and is being tested in a whole range of virus- 
host combinations (for recent review see Nelson d.. 1990). However, so far  resistance has only 
been reported to viruses with plus-strand RNA genomes. If, as has been suggested (Hull, 1990). 
this form of resistance is coupled with co-translational disassembly (Wilson, 1988) there would be 
groups of viruses for  which it would not operate 

Satellite sequences have been shown to reduce symptom expression when expressed in transgenic 
plants (see Baulcombe. 1989). However, it is necessary for  virus replication to 'activate' the 
satellite system and, as will be discussed later, it is advantageous to prevent virus replication. 

The various attempts to use antisense RNA to inhibit virus replication have been unsuccessful. 
However, all the attempts have so far  been aimed at plus-strand RNA viruses. It can be argued 
that the lack of success is due to the antisense RNA, produced in the nucleus, never making 
contact with the viral RNA, restricted to the cytoplasm probably as a nucleoprotein complex for  
most of its replication cycle. In the light of the control of nuclear genes with antisense RNA 
(see Ecker and Davis 1986; van der Krol u., 1988) it would be interesting to see if this 
approach was effective against viruses which had nuclear phases to their replication (eg. 
caulimoviruses, geminiviruses). 

2. Potential systems. 

The concept of non-con\sntional resistance opens up a range of new approaches to making plant 
resistant to  viruses. There are two basic approaches - blocking the interactions of a viral gene 
(product) or decoying it. The current systems described above exemplify both these approaches. 
The coat protein-induced resistance is probably being due to the expressed protein blocking an 
early function in viral replication. Satellite-induced protection is probably due to the satellite 
sequences decoying virhl replication functions. 

Thus it should be possible to target any viral gene or control sequence. Fig. 1 illustrates the 
basic genome organization of a plant virus and identifies potential targets. 

Replicase Protease Cell-tocell Plant-to-plant Coat protein Other , 

(optional) (optional) (optional) (optional) 

Fig. I .  Basic plant virus genome organization. The top line indicates the viral nucleic acid with 
the 5' and 3' termini shown. The boxes are the viral gene products which are not necessarily in 
the order shown. 

The replicase, cell-to-cell movement and the plant-to-plant movement proteins could be targetted 
for  interference either by the molecular blocker o r  the decoy strategies. For instance, if the 
interactions between the subunits of the replicase were understood it would be possible to 
transform the plant either to make a defective subunit or to make a molecule that blocked the 
interaction. The recent finding that transformation of plants with the chalcone synthase gene 
(Napoli d., 1990; van der  Krol u., 1990) suppresses the expression of that gene indicates 
that expression probably has various feedback-type controls. Thus, it may be possible to 
interfere with, say the replicase, by transformation with replicase genes themselves. The decoy 
strategy could be effected by transforming the plant to produce the nucleic acid sequence(s) to  
which the polymerase binds. 

For viruses, such as comoviruses and potyviruses, which use proteases in their infection cycle 
decoys of proteolysis sites or blockers of slightly modified sites could be used. Alternatively 
the activity of the protease could be used to release a molecule in an active form which would 
block viral replication or kill the cell. This would increase the specificity of the resistance. 

3. Non-conventional resistance to fungus-transmitted' viruses. 

As well as the strategies directed against the virus it should be possible to  develop strategies 



against fungi which transmit viruses. The same basic approach would have to be used - that of 
determining interactions which were amenable to being interfered with. The knowledge of the 
interactions between Plasmodiophora and their plant hosts or  the viruses that they transmit is 
very limited. However, there are specific interactions o r  stages in the fungal infection cycle 
which could be targetted. For instance, the zoospores released into the soil from the resting 
spores are attracted to plant root hairs by certain signals presumably produced by the plant. If 
these signals could be modified the spores would not be attracted. Then it is likely that there 
are receptor sites on the root hair or root surface which are involved in the attachment and 
penetration of the free-living stage of the fungus. Modification of these would interfere with 
the process of fungal infection. Thus, there is potential for creating non-conventional resistance 
to both the fungi and the viruses that they carry. However. in developing these systems care 
must be taken not to interfere with the interactions between plants and beneficial fungi, say of 
the rhizosphere. 

4. Control sequences. 

The construct which is transformed into plants would contain, as well as the virus resistance 
determinants, sequences which controlled their expression. These control sequences usually 
comprise promoters and terminators for  transcription of the primary insert. From the choice of 
promoter one can determine whether the resistance is expressed constitutively or in response to a 
certain signal. There has been interest in the promoters of pathogenesis-related proteins for 
effecting expression in response to infection, but from the considerations in the next section 
such an approach can be considered disadvantageous. Other promoters control the tissue 
specificity of expression. These may be useful, say for  the root expression of resistance to 
fungus-transmitted viruses or  the phloem expression of resistance to phloem-limited viruses. 

5. Non-conventional resistance - ultimate aims. 

There are two main aims which should be bourne in mind when developing non-conventional 
resistance. Firstly, it is important to prevent the virus replicating if possible. When a virus 
replicates there is the opportunity for  it to vary and overcome resistance. Most economically 
important plant viruses have RNA genomes which replicate RNA to RNA. This form of replication 
does not have pro f rea ing and the error rate is estimated as being one misincorporated 
nucleotide per 10' - 10' nucleotides (Ward d., 1988). Thus. the particle uncoating stage (at 
which coat protein-mediated resistance operates primarily) and the nucleic acid replication stage 
present attractive targets for  non-conventional resistance. These considerations also suggest 
that constitutive expression of the resistance would be better than response expression. 

The second aim is to try and confer resistance to a wide range of viruses with a single or few 
'gene(s)'. In this the coat protein approach fails as the degree of resistance varies according to 
the closeness of sequence homology between the coat proteins of the protecting strain and of the 
infecting strain (Nejidat and Beachy, 1990). Potentially targetting replicase functions should 
result in broad spectrum resistance. Replication of RNA from RNA is an unusual event in 
eukaryotes and viruses encode subunits of the enzyme. There is considerable conservation in viral 
replicases and only three 'families' have so far  been recognized (Habili and Symons, 1989). This 
points to two conclusions. By targetting the replicase one should be able to develop wide 
spectrum resistance. If the block or  decoy is on the conserved sequence it is much less likely 
that variants of the virus would be able to overcome the resistance. 

However, until the interactions involved in viral replication are understood sufficiently to be 
able to create non-conventional resistance based on them it is important not to ignore systems 
targetting the other genes and sequences described above. This should then provide material from 
which 'multigene' resistance could be developed. Such resistance would provide barriers at several 
levels against resistance being broken by variant viruses. 

Risks of use of viral sequences. 

Before there can be widespread use of non-conventional resistance to control viruses in the field 
it has to be determined whether there is any significant risk in growing plants transgenic in 
virus sequences. Since there is no evidence of humans o t  other animals suffering directly from 
plant virus gene products it is unlikely that such transgenic plants will be a health risk. The 
main risk is in the interactions of the viral sequences or  gene products with other viruses 
whichinfect the plants. Thus the basic question that needs to be addressed is:- 'What is the risk 
of viral genes or sequences which are used to confer resistance (or as gene vectors) having 



significant effects on infection by other viruses?' This question was addressed by Hull (1990) 
who described various scenarios. 

The scenario that should be addressed most urgently is that of the infecting viral genome 
becoming encapsidated in the expressed coat protein being used to protect against another virus. 
Such transcapsidation could alter the vector characteristics of the infecting virus. Although this 
would be for  only one transmission passage (in the non-transgenic host the virus would be 
encapsidated by its own coat protein and revert to its normal means of transmission) the virus 
might be taken to ecological situations to which its normal vector would not introduce it. Thus. 
its epidemiology could be changed. If seed transmission was determined by coat protein, or  by 
another gene which was being used for  protection, the infecting virus would effectively be taken 
into the germ line. 

Thus, it is important to consider the possible risks of introducing viral sequences into plant to 
confer resistance. Even if the perceived risks turn out to not be real the experimentation taken 
to prove them so would not be wasted as it would add considerably to the understanding of viral 
functions and could possibly lead to further forms of non-conventional resistance. 
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T r a d i t i o n a l  breeding procedures  a l low movement of  r e s i s t a n c e  s o u r c e s  only between 
c l o s e l y  r e l a t e d  s p e c i e s ,  and g e n e t i c i s t s  l a c k  s u f f i c i e n t  s o u r c e s  f o r  t h e i r  breeding 
programs. The use  of DNA technology t o  manipula te  and move r e s i s t a n c e  sources  
a g a i n s t  p l a n t  p e s t s  h a s  been widely advocated. For i s o l a t e i o n  of n a t u r a l  r e s i s t a n c e  
genes  t h e  fo l lowing  approaches  can be considered:  v i a  t h e  gene product ,  i n s e r t i o n a l  
mutat ion wi th  a t r ansposon ,  o r  s u b s t r a c t i o n  h y b r i d i z a t i o n  of mRNA1s. One of t h e  most 
e f f e c t i v e  n a t u r a l  r e s i s t a n c e s  of p l a n t s  t o  v i r u s e s  is t h e  l o c a l  l e s i o n  response ,  
g e n e r a l l y  depending on one dominant gene. We have shown t h a t  a host-coded p r o t e i n ,  
termed " i n h i b i t o r  of v i r u s  r e p l i c a t i o n "  (IVR), is induced by v i r u s  i n f e c t i o n  i n  
s e v e r a l  LL responding tobaccos ,  and i n h i b i t s  v i r u s  r e p l i c a t i o n .  I V R  i n h i b i t s  t h e  
r e p l i c a t i o n  of a spectrum of v i r u s e s .  We have p u r i f i e d  and c h a r a c t e r i z e d  t h i s  
p r o t e i n  and prepared poly- and monoclonal a n t i s e r a  t o  IVR. These a n t i b o d i e s  a r e  used 
t o  sc reen  cDNA l i b r a r i e s  from r e s i s t a n t  p l a n t s  t h a t  expres s  I V R .  

I n t r o d u c t i o n  

T r a d i t i o n a l  breeding procedures  a l low movement of r e s i s t a n c e  s o u r c e s  only between 
c l o s e l y  r e l a t e d  s p e c i e s .  E s p e c i a l l y  a g a i n s t  p l a n t  v i r u s e s ,  where chemical p e s t i c i d e s  
a r e  n o t  a v a i l a b l e ,  breeding f o r  r e s i s t a n c e  is of major importance, but  g e n e t i c i s t s  
l a c k  s u f f i c i e n t  s o u r c e s  f o r  t h e i r  breeding programs. The use  of DNA technology t o  
manipula te  and move r e s i s t a n c e  s o u r c e s  a g a i n s t  p l a n t  p e s t s  h a s  been widely 
advocated, bu t  with l i t t l e  p r a c t i c a l  work i n  t h i s  d i r e c t i o n .  T h i s  would be i n  
a d d i t i o n  t o  c u r r e n t  approaches  of i n s e r t i n g  v i r a l  genes [ c o a t  p r o t e i n  (Nelson et 
a l . ,  1990). s a t e l l i t e  RNA (Gerlach etg., 1987) and a n t i s e n s e  s t r a t e g i e s  (Hemenway - etc., 1988)] t o  o b t a i n  r e s i s t a n t  p l a n t s .  The major o b s t a c l e s  t o  p rogres s  i n  us ing  
n a t u r a l  r e s i s t a n c e  genes i n  DNA technology is choosing t h e  r i g h t  gene on one hand,- 
and its i s o l a t i o n  on t h e  o t h e r  hand. 

Var ious  r e s i s t a n c e s  a g a i n s t  p l a n t  v i r u s e s  a r e  known (Loebenste in  e t  a l . ,  1984).  The 
l o c a l  l e s i o n  response  is probably t h e  most n o t a b l e  a c t i v e  r e s i s t a n c e  phenomenon, 
whereby a f t e r  i n o c u l a t i o n  t h e  v i r u s  invades  and m u l t i p l i e s  i n  s e v e r a l  hundred c e l l s  
b u t  does no t  spread t o  o t h e r  t i s s u e s .  It g e n e r a l l y  depends on one s i n g l e  dominant 
gene and may t h e r e f o r e  be most s u i t a b l e  f o r  i s o l a t i o n  and t r ans fo rma t ion  of p l a n t s .  

S t r a t e g i e s  f o r  i s o l a t i n g  genes  

The fol lowing s t r a t e g i e s  can be considered f o r  t h e  i s o l a t i o n  of n a t u r a l  r e s i s t a n c e  
genes : 
a .  ~ r g n g o s o n - t ~ g i ~ .  The r e c e n t  i s o l a t i o n  and c h a r a c t e r i z a t i o n  of p l a n t  
t r ansposab le  e lements  o f f e r  t h e  p o s s i b i l i t y  t o  mutagenize r e s i s t a n c e  genes.  I n  c a s e  
where t h e  r e s i s t a n c e  gene i s  dominant,  t h e  t r ansposab le  element changes t h e  
phenotype from r e s i s t a n t  t o  s u s c e p t i b l e .  P a r a l l e l  t o  i n s e r t i o n ,  t h e  r e s i s t a n c e  gene 
a l s o  g e t s  ear-marked, and c a n  t h u s  be c loned molecu la r ly ,  u s ing  t h e  t r ansposab le  
element a s  a probe. Th i s  type  of approach should a l low t h e  i s o l a t i o n  of r e s i s t a n c e  
genes i n  c a s e s  where r e s i s t a n c e  is confe r red  by a s i n g l e  dominant gene. Transposon 
tagging could  be used t o  i s o l a t e  t h e  "N" gene from r e s i s t a n t  tobaccos .  I n s e r t i o n  of 
a transposon i n  t h i s  c a s e  should  change t h e  phenotypic expres s ion  from a l o c a l  
n e c r o t i c  l e s i o n  response  t o  tobacco mosaic v i r u s  (TMV) t o  a sys temic  i n f e c t i o n .  

b . Dif f  grgntial-scrgegine-and s u b s t r a c t L 0 1  bLri-dLzgtLon. 
The i s o l a t i o n  of a " r e ~ i s t a n c T ' - ~ e n e  might be achieved by o b t a i n i n g  mRNA from t h e  
r e s i s t a n t  l i n e ,  which is  then  r eve r se - t r ansc r ibed  i n t o  cDNA u s i n g  l a b e l e d  



nuc leo t ides .  T h i s  cDNA i s  then  hybr idized wi th  a  huge excess  of mRNA from t h e  
s u s c e p t i b l e ,  o the rwise  i s o g e n i c ,  l i n e .  Most of t h e  mRNA sequences i n  t h e  s u s c e p t i b l e  
and r e s i s t a n t  l i n e s  a r e  common, s o  most of t h e  " r e s i s t a n t "  cDNA w i l l  h y b r i d i z e  wi th  
t h e  mRNA from t h e  " suscep t ib l e"  l i n e .  S p e c i f i c  : ' res is tant1 '  cDNA, however, w i l l  
remain s ing le - s t r anded ,  and can be sepa ra t ed  from t h e  cDNA-mRNA hybr ids  by 
chromatography on hydroxyapa t i t e ,  which b inds  double-stranded molecules  more a v i d l y  
than  s ingle-s t randed molecules.  The l a b e l e d  " r e s i s t a n t "  cDNA can then  be used t o  
sc reen  a  " r e s i s t a n t "  cDNA l i b r a r y  t o  o b t a i n  a  c loned copy of t h e  " r e s i s t a n t "  cDNA. 
By s u b s t r a c t i o n  h y b r i d i z a t i o n  i t  is  p o s s i b l e  t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  of t h e  
d e s i r e d  ( r e s i s t a n c e  a s s o c i a t e d )  sequences (Sa rgen t ,  1987). Thus, mRNA from r e s i s t a n t  
p l a n t s  i s  used a s  a  t empla t e  t o  produce r a d i o l a b e l e d  cDNA. Th i s  cDNA is hybr id i zed  
t o  an excess  of mRNA i s o l a t e d  from t h e  s u s c e p t i b l e  p l a n t .  The unhybr idized cDNA from 
t h e  r e s i s t a n t  p l a n t  r e p r e s e n t s  an  en r i ched  popula t ion of sequences expressed i n  t h e  
r e s i s t a n t  t i s s u e .  

c .  V i g h e g e ~ e j r o & u c t .  Probably t h e  b e s t  o p t i o n  t o  i s o l a t e  a  gene i s  v i a  its 
prozuc t ,  providing t h a t  biochemical i n fo rma t ion  on t h e  product  is  a v a i l a b l e .  I n  t h a t  
c a s e  an  o l i g o n u c l e o t i d e  probe can be syn thes i zed ,  based on t h e  amino a c i d  sequence 
of t h e  p r o t e i n  product .  I f  t h e  N-terminal of t h e  p r o t e i n  is n o t  b locked,  a  sequence 
of 6-10 amino a c i d  r e s i d u e s  is  s u f f i c i e n t  f o r  p repa r ing  a  probe w i t h  a t  l e a s t  16-20 
nuc leo t ides .  I n  c a s e  t h e  N-terminal is blocked, p a r t i a l  d i g e s t i o n  of t h e  p r o t e i n  i s  
necessary  t o  o b t a i n  a  polypept ide  s t r e t c h .  Another p o s s i b i l i t y  is t o  p repa re  poly- 
o r  monoclonal a n t i b o d i e s  a s  a  probe. These probes a r e  used t o  s c r e e n  a  recombinant 
DNA l i b r a r y ,  obta ined by r e v e r s e  t r a n s c r i p t i o n  of poly(A) RNA from r e s i s t a n t  p l a n t s .  
Recombinant DNA packaged f o r  example i n  lambda g t  10  phage, p l a t e d  on an  a p p r o p r i a t e  
Esche r i ch ia  h o s t ,  can be screened wi th  t h e  n u c l e i c  a c i d  probe. When an t ibody  
probes  a r e  a v a i l a b l e  f o r  s c reen ing ,  lambda g t  11 is used,  s i n c e  i t  i s  an  expres s ion  
v e c t o r  ( Jendr i sak  % &. , 1987). 

I n h i b i t o r  of  v i r u s  r e p l i c a t i o n  (IVR) 

We have r epor t ed  t h a t  a  subs t ance ( s )  i n h i b i t i n g  v i r u s  r e p l i c a t i o n  (IVR) i s  r e l e a s e d  
i n t o  t h e  medium from TMV-infected p r o t o p l a s t s  of  Samsun NN, a  c u l t i v a r  i n  which 
i n f e c t i o n  i n  t h e  i n t a c t  p l a n t  is  l o c a l i z e d  (Loebenste in  and Gera,  1981). I V R  
i n h i b i t e d  v i r u s  r e p l i c a t i o n  i n  p r o t o p l a s t s  from both  local - les ion-responding 
r e s i s t a n t  Samsun N N  and sys t emic  responding s u s c e p t i b l e  Samsun p l a n t s ,  when a p p l i e d  
up t o  18 hours  a f t e r  i n o c u l a t i o n  ( v i r u s  being assayed by a  l o c a l  l e s i o n  a s s a y ,  ELISA 
o r  a  c-DNA probe f o r  TMV). T h i s  i n d i c a t e s  t h a t  I V R  a c t s  a s  an  i n h i b i t o r  of 
r e p l i c a t i o n  and n o t  a s  an  i n h i b i t o r  of i n f e c t i o n  o r  a t  a  l a t e r  s t a g e  
( t r a n s l o c a t i o n ) .  I V R  was a l s o  produced by N. g l u t i n o s a  and Xanthi-nc p r o t o p l a s t s .  It 
was not  produced i n  p r o t o p l a s t s  from s u s c e p t i b l e  p l a n t s  o r  from non-inoculated 
p r o t o p l a s t s  of t h e  r e s i s t a n t  c u l t i v a r .  I V R  was found t o  be s e n s i t i v e  t o  t r y p s i n  and 
chymotrypsin b u t  no t  t o  RNAse, sugges t ing  t h a t  i t  has  a  p ro te inaceous  n a t u r e  (Gera 
and Loebenste in ,  1983). A s p e c i f i c  p r o t e i n  band of an  approximate molecular  weight 
of  23K was r e g u l a r l y  observed i n  polyacrylamide g e l  e l e c t r o p h o r e s i s  (PAGE) of  c r u d e  
p r e p a r a t i o n s  of I V R  (Sp iege l  %&., 1989; Gera etg., 1990). E l e c t r o e l u t i n g  
p r o t e i n  from t h i s  band recovered a  b i o l o g i c a l l y  a c t i v e  f r a c t i o n  wi th  a  twenty-f ive  
f o l d  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  ove r  t h a t  of  t h e  c rude  p repa ra t ion .  T h i s  f r a c t i o n  
r evea led  on ly  one band a t  23K i n  PAGE, providing evidence t h a t  t h e  23K band is I V R  
p u r i f i e d  t o  a  h igh  degree .  Po lyc lona l  (Gera eta., 1990) and monoclonal (Gera et 
&., 1989) a n t i b o d i e s  were prepared,  which n e u t r a l i z e d  IVR's a n t i v i r a l  a c t i v i t y  and 

, enabled i t s  d e t e c t i o n  i n  immunoblots. The 23K band gave a  s p e c i f i c  r e a c t i o n  i n  
immunoblots w i th  I V R  an t i se rum (Gera e t  a l . ,  1990).  IVR was found a l s o  t o  i n h i b i t  
RN r e p l i c a t i o n  i n  Samsun and tomato l e a f  t i s s u e  d i s k s .  I V R  a l s o  i n h i b i t e d  
r e p l i c a t i o n  of cucumber mosaic v i r u s  (CMV), p o t a t o  v i r u s  X (PVX) (Gera and 
Loebenste in ,  1983), and p o t a t o  v i r u s  Y (Loebenste in  and Gera,  1988) i n  d i f f e r e n t  
h o s t  t i s s u e s ,  t he reby  i n d i c a t i n g  t h a t  it is n e i t h e r  v i r u s  nor hos t - spec i f i c .  
I n h i b i t i o n  r a t e s  by I V R  i n  both p r o t o p l a s t s  and l e a f  t i s s u e  d i s k s  were 
dose-responsive (Gera eta., 1986). I V R  was a l s o  obta ined from t h e  i n t e r c e l l u l a r  
f l u i d  of Samsun N N  tobacco i n f e c t e d  wi th  TMV and from induced r e s i s t a n t  t i s s u e  
(Spiegel  e t  a l . ,  1989). 



Recent ly ,  we found t h a t  I V R  i s  produced c o n s t i t u t i v e l y  (wi thou t  i n f e c t i o n )  i n  t h e  
amphidiploid of  1. g l u t i n o s a  x  1. debneyi (Loebenste in  et&., i n  p r e s s ) .  T h i s  
hybr id  is h i g h l y  r e s i s t a n t  t o  i n f e c t i o n  wi th  Rn (Ah1 and Gian inazz i ,  1982). 
I V R  h a s  a  c e r t a i n  resemblance wi th  a  c l a s s  of p r o t e i n s  termed b  o r  
"pathogenesis- re la ted ' l  (PR(b) p r o t e i n s ) .  Induc t ion  of  PR(b) p r o t e i n s  i n  most 
Nicot iana  s p e c i e s  r e q u i r e s  i n f e c t i o n  by e i t h e r  v i r u s e s ,  f u n g i ,  b a c t e r i a  o r  o t h e r  
e x t e r n a l  s t i m u l i  (Van Loon, 1985). The c h a r a c t e r i z e d  PR(b) p r o t e i n s ,  however, occur  
i n  t h e  p l a n t  i n  r e l a t i v e l y  l a r g e  q u a n t i t i e s ,  whi le  only  ngs of I V R  can be ob ta ined  
from one g  of l e a f  t i s s u e .  Furthermore,  I V R  is s e n s i t i v e  t o  p r o t e o l y t i c  enzymes 
(Gera and Loebenste in ,  1983) i n  c o n t r a s t  t o  t h e  s t a b i l i t y  of most of t h e  
c h a r a c t e r i z e d  PR(b) p r o t e i n s .  The major d i f f e r e n c e  between I V R  and t h e  PR(b) 
p r o t e i n s  is t h a t  no b i o l o g i c a l  a n t i v i r a l  a c t i v i t y  has  been r e p o r t e d  f o r  t h e  l a t t e r .  
A s  t e s t e d  by D r .  S. G ian inazz i  (INRA, Di jon,  France) no s e r o l o g i c a l  r e a c t i o n  was 
obta ined between PR(b) p r o t e i n s  of Xanthi n.c. and I V R  an t i se rum (pe r sona l  
communication). 
Recent ly ,  t h e  N-terminal sequence f o r  I V R  was determined ( i n  coopera t ion  wi th  P ro f .  
Y .  Bur s t e in .  Weizmann I n s t i t u t e )  and no homology was observed wi th  t h e  N-terminal 
sequences  of a l l  t h e  PR-proteins t h a t  have been sequenced. It  seems t h e r e f o r e  t h a t  
I V R  is not  r e l a t e d  t o  t h o s e  PR p r o t e i n s  t h a t  have been w e l l  c h a r a c t e r i z e d .  Recent ly ,  
i t  was r epor t ed  t h a t  t h e  c o n s t i t u t i v e  expres s ion  of s e v e r a l  PR-proteins i n  
transformed tobacco had no e f f e c t  on v i r u s  i n f e c t i o n  ( L i n t h u r s t  gal.. 1989). 

The recovery of  I V R  from p r o t o p l a s t s  and i n t a c t  t i s s u e  of r e s i s t a n t  c u l t i v a r s ,  i t s  
p u r i f i c a t i o n  and product ion of poly- and monoclonal a n t i s e r a ,  a r e  t h e  base f o r  
i s o l a t i o n  and c l o n i n g  t h e  gene coding f o r  I V R .  Advances i n  t h i s  d i r e c t i o n  w i l l  be 
r epor t ed .  T h i s  gene might then  be u s e f u l  i n  t ransforming s u s c e p t i b l e  p l a n t s .  

T h i s  work was suppor ted i n  p a r t  by t h e  U.S. - I s r a e l  A g r i c u l t u r a l  Research and 
Development Fund (BARD). 
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STRATEGY OF POTATO VIRUS X GENOME EXPRESSION 

J .G .  A t a b e k o v ,  E.V.  S m i r n y a g i n a ,  N .P .  R o d i o n o v a ,  S.Yu.  M o r o z o v ,  
N.A.  M i r o s h n i c h e n k o  

D e p a r t m e n t  o f  V i r o l o g y ,  Moscow S t a t e  U n i v e r s i t y ;  USSR 

T h e  genome o f  p o t a t o  v i r u s  X ( P V X ) ,  t h e  t y p e  member o f  t h e  p o t e x v i r u s  
g r o u p  c o n s i s t s  o f  a  s i n g l e - s t r a n d e d  RNA w h i c h  i s  cappe -d  a n d  p o l y a -  
d e n y l a t e d .  T h e  c o m p l e t e  n u c l e o t i d e  s e q u e n c e  o f  PVX RNA [ 6 4 3 5  b a s e s  
e x c l u d i n g  p o l y  ( A ) ]  h a s  b e e n  r e p o r t e d  i n d e p e n d e n t l y  b y  t w o  g r o u p s  
( K r a e v  e t  a l . ,  1 9 8 8 ;  S k r y a b i n  e t  a l . ,  1 9 8 8 ;  H u i s m a n  e t  a l . ,  1 9 8 8 ) .  

F i g .  1 S c h e m a t i c  r e p r e s e n t a t i o n  o f  PVX genome c o d i n g  s e q u e n c e s .  

T h e  l a r g e  5 ' - p r o x i m a l  ORF c o r r e s p o n d s  t o  t h e  165K p r o t e i n ,  t h e  p u t a -  
t i v e  RNA r e p l i c a s e  c o n t a i n i n g  t w o  d o m a i n s  o f  h o m o l o g y  w i t h  o t h e r  RNA- 
r e p l i c a t i n g  p r o t e i n s .  T h e  f i r s t  d o m a i n - i s  h o m o l o g o u s  t o  t h e  h y p o t h e -  
t i c a l  N T P - b i n d i n g  d o m a i n  (NTP a s e - h e l i c a s e  c o n s e n s u s )  a n d  t h e  s e c o n d  
c o n t a i n s  t h e  GDD d o m a i n  a l s o  h o m o l o g o u s  t o  t h e  a n a l o g o u s  s e q u e n c e s  o f  
S i n d b i s - l i k e  v i r u s e s .  T h e  c o a t  p r o t e i n  g e n e  i s  l o c a t e d  a t  t h e  3 ' -  
p r o x i m a l  p o s i t i o n  a n d  b e t w e e n  t h e s e  t w o  t e r m i n a l  ORFs a  b l o c k  o f  t h r e e  
o v e r l a p p i n g  c o n s e r v e d  ORFs o c c u r s  ( F i g .  1 ) .  

T h e  p u t a t i v e  12K a n d  8K p r o t e i n s  e n c o d e d  i n  o v e r l a p p i n g  ORFs c o n t a i n  
b l o c k s  o f  u n c h a r g e d  a m i n o  a c i d s  a n d  h a v e  b e e n  s p e c u l a t e d  e a r l i e r  t o  b e  
m e m b r a n e - b o u n d  p r o t e i n s .  S i m i l a r  t r i p l e  b l o c k s  o f  ORFs h a v e  b e e n  shown  
t o  o c c u r  i n  genomes  o f  d i f f e r e n t  p l a n t  v i r u s e s  i n c l u d i n g  h o r d e i v i r u s e s ,  
f u r o v i r u s e s  a n d  c a r l a v i r u s e s .  We s u g g e s t  t h a t  o n e  o r  m o r e  p r o t e i n s  
c o d e d  b y  t h i s  t r i p l e  b l o c k  o f  g e n e s  may b e  r e s p o n s i b l e  f o r  t h e  c e l l -  
t o - c e l l  t r a n s p o r t  f u n c t i o n ,  s i n c e  i t  was d e m o n s t r a t e d  e a r l i e r  b y  o u r  
g r o u p  t h a t  t h e  t r a n s p o r t  f u n c t i o n  o f  a  TMV g m u t a n t  c a n  b e  c o m p l e -  
m e n t e d  b y  PVX i n  p l a n t s  i n f e c t e d  b y  b o t h  v i r u s e s .  

O n l y  t h e  5 ' - p r o x i m a l  g e n e  o f  PVX RNA c a n  b e  e x p r e s s e d  b y  d i r e c t  t r a n s -  
l a t i o n  ( W o d n a r - F i l i p o w i c z  e t  a l . ,  1 9 8 0 ;  B e n d e n a  e t  a l . ,  1 9 8 6 ;  Adams 
e t  a l . ,  1 9 8 7 )  b u t  t h e  p r o d u c t  o f  t h i s  ORF ( t h e  165K p r o t e i n )  m i g r a t e s  
i n  a  T r i s - g l y c i n e - S D S  e l e  t r o p h o r e s i s  s y s t e m  n o t  a s  t h e  165K b u t  a s  
210K p r o t e i n  w h i c h  i s  d u e  t o  i t s  a n o m a l o u s  e l e c t r o p h o r e t i c  b e h a v i o u r  
i n  t h i s  s y s t e m  ( K a r a s e v  e t  a l . ,  1 9 8 9 ) .  On t h e  o t h e r  h a n d ,  t h i s  p r o t e i n  
m o v e s  a s  165K p r o t e i n  i n  T r i s - p h o s p h a t e - S D S  b u f f e r .  

T h e  PVX v i r i o n s  c o n t a i n  o n l y  t h e  g e n o m i c  s i z e  RNA, h o w e v e r ,  s e v e r a l  
s u b g e n o m i c  3 ' - c o t e r m i  a 1  ssRNAs w e r e  p r e s e n t  i n  t h e  i n f e c t e d  c e l l s ,  
t h e  m a j o r  sgRNAs b e i n g  o f  0 . 9 ,  1 . 4  a n d  2 . 1  k b .  T h e  ds a n a l o g o u s  h a v e  
b e e n  f o u n d  f o r  a l l  t h e s e  t h r e e  sgRNAs. We s u g g e s t  t h a t  t h e s e  t h r e e  
sgRNAs a r e  u s e d  i n  e x p r e s s i o n  o f  t h e  5 ' - d i s t a l  g e n e s .  I t  i s  c l e a r  t h a t  
t h e  0 . 9  k b  sgRNA i s  sgRNA f o r  t h e  c o a t  p r o t e i n  a n d  t h e  2 . 1  k b  sgRNA 
a p p a r e n t l y  c o d e s  f o r  t h e  25K p r o t e i n .  

cDNA c l o n e s  w e r e  c o n s t r u c t e d  f r o m  w h i c h  s u b g e n o m i c  c o p i e s  o f  v i r a l  RNA 
c o u l d  b e  t r a n s c r i b e d  i n  v i t r o  u n d e r  t h e  c o n t r o l  o f  t h e  T 7  p r o m o t o r .  
T h e s e  s y n t h e t i c  RNA t r a n s c r i p t s  o f  s u b g e n o r n i c  s i z e  w e r e  t r a n s l a t e d  i n  
v i t r o  i n  RRL a n d  KA s y s t e m s  a n d  d i r e c t e d  t h e  8K,  12K p r o t e i n s  a n d  t h e  
c o a t  p r o t e i n  ( M o r o z o v  e t  a l . ,  1 9 9 0 ) .  



I t  was f o u n d  t h a t  t h e  t r a n s l a t i o n  p r o d u c t s  o f  t h e  12K a n d  8K g e n e s  a r e  
b o u n d  t o  t h e  m e m b r a n e o u s  f r a c t i o n  i n  m e m b r a n e - e n r i c h e d  K r e b s  2  e x -  
t r a c t s .  T h u s ,  t h e  i n  v i t r o  p r o d u c t s  o f  t h e  t w o  s m a l l  PVX g e n e s  seem 
t o  b e  m e m b r a n e - b o u n d  p r o t e i n s  ( M o r o z o v  e t  a l . ,  1 9 9 0 ) .  

T h e  5 ' - u n t r a n s l a t e d  l e a d e r  s e q u e n c e  o f  PVX RNA ( 8 3  n t  a p a r t  f r o m  t h e  
c a p  s t r u c t u r e )  c o n s i s t s  o f  t w o  s u b s e q u e n c e s  r e f e r r e d  t o  a s & - s e q u e n c e  
( 4 1  n t  w i t h  n o  G) a n d  1 3 - s e q u e n c e  ( 4 2  n t  u p s t r e a m  f r o m  f i r s t  AUG). Com- 
p u t e r - b a s e d  f o l d i n g  p r e d i c t i o n s  s u g g e s t  t h a t  t h e  5 ' - p r o x i m a l  r e g i o n  o f  
t h e  @ - l e a d e r  i s  u n s t r u c t u r e d .  T h e  s e c o n d  s t r u c t u r a l  f e a t u r e  o f  t h e d d -  
l e a d e r  i s  t h e  p r e s e n c e  o f  s e q u e n c e s  a p p a r e n t l y  c o m p l e m e n t a r y  t o  t h e  
3 ' - t e r m i n a l  r e g i o n  o f  1 8 s  rRNA.  T h e d p - l e a d e r  h a s  b e e n  s h o w n  t o  e n h a n c e  
s t r o n g l y  t h e  t r a n s l a t i o n  o f  c o n t i g o u s  f o r e i g n  g e n e  ( N P T I )  t r a n s c r i p t s  
i n  c e l l - f r e e  t r a n s l a t i o n  s y s t e m s  f r o m  r a b b i t  r e t i c u l o c y t e s  ( R R L ) ,  
w h e a t  g e r m  (WG) a n d  K r e b s - 2  a s c i t e s  c e l l s  e x t r a c t s  ( K A ) .  I n  c o m p a r a -  
t i v e  e x p e r i m e n t s  PVX RNA + - l e a d e r  was s h o w n  t o  b e  e q u a l l y  e f f e c t i v e  
a s  T M V a - l e a d e r  i n  e n h a n c i n g  t h e  t r a n s l a t i o n  o f  a  r e p o r t e r  g e n e .  

I n  c o m p e t i t i v e  t r a n s l a t i o n  PVX RNA i n h i b i t e d  s t r o n g l y  TMV RNA a n d  some 
o t h e r  p l a n t  v i r u s  mRNAs i n  RRL a n d  WG s y s t e m s .  N o  c o m p e t i t i o n  o c c u r r e d  
b e t w e e n  PVX a n d  TMV RNAs i n  t h e  KA s y s t e m .  T h e r e  was n o  c o r r e l a t i o n  
b e t w e e n  t h e  t r a n s l a t i o n a l  e f f i c i e n c y  a n d  c o m p e t i t i v e  a b i l i t y  o f  PVX 
RNA i n  d i f f e r e n t  c e l l - f r e e  t r a n s l a t i o n  s y s t e m s .  

T h e  c o m p e t i t i v e  a b i l i t y  d i d  n o t  o n l y  c o r r e l a t e  w i t h  t h e  p r e s e n c e  o f  
t h e  dp - l e a d e r  i n  mRNA. E v i d e n c e  i s  p r e s e n t e d  t o  suggest .  t h a t  t h e  d m - l e a d e r  
t o g e t h e r  w i t h  a b o u t  1 5 0  n t  o f  t h e  c o d i n g  s e q u e n c e  i s  r e s p o n s i b l e  f o r  
t h e  t r a n s l a t i o n  c o m p e t i t i v e  a b i l i t y  o f  PVX RNA. 
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