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Summary.  — Scrophularia mottle virus (ScMV) was newly found in the Czech Republic in Scrophularia 
nodosa L. plants. The Czech isolate (ScMV-C) was serologically identical and similar in symptoms and host 
range to the Italian Anagyris strain (ScMV-I). Nicotiana tabacum L. cv. Samsun, Nicotiana glutinosa L., 
Nicotiana tabacum L. cv. White Burley, Physalis floridana Rybd. and Cucumis sativus L. are described as 
new host plants of ScMV. Double-stranded RNA patterns and the isoelectric point of this virus are 
characterized. 
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I n t r o d u c t i o n  

S c M V  be longs  to  the  tymovirus  group according to its 
isometric particles o f  diameter about 2 7  nm, one genomic 
single-stranded R N A  ( s s R N A )  o f  positive polarity and M r  

about 2.1 x 10 6 ,  and s ingle  coat protein o f  M r  21 .6  K 
(Bercks, 1973).  The  v i r u s  is  readily transmissible b y  m e ­

chanical inoculat ion a n d  b y  beet les  Cionus sp .  (Hein ,  1959; 

Bercks,  1973) .  A c c o r d i n g  t o  t h e  phylogenet ic  analysis  o f  

the coa t  protein S c M V  be longs  t o  t he  A n d e a n  po ta to  latent 

virus ( A n P L V )  subg roup  o f  tymovi ruses  (Rybicki ,  1991) 

and c o u l d  p rov ide  a serological  l ink be tween  Turn ip  ye l l ow  

mosaic  vi rus  ( T Y M V )  a n d  a n  P L V  subgroups  (Bercks  et al., 

1971; Koen ig ,  1976;  K o e n i g a n d  Givord ,  1974). Until n o w  

S c M V  h a s  b e e n  f o u n d  in G e r m a n y  (Hein ,  1959)  a n d  Italy 

(Rana  et al., 1988).  

T h e  character iza t ion o f  a C z e c h  isolate f r o m  Scrophu­

laria nodosa L .  a n d  its compar i son  wi th  t he  Anagyris strain 

o f  the  S c M V  f r o m  Italy a re  repor ted in this  paper .  

Mater ia l s  a n d  M e t h o d s  

Viruses. The Czech isolate of ScMV obtained from S. nodosa 
(ScMV-C) and the Italian isolate of the ScMV from Anagyris 

foetida L .  (ScMV-I) (Rana  et al., 1988) were maintained on 

Datura stramonium L. plants. 

Host plants. Fifteen plants of 19 different host plants (Table 1) 
were mechanically inoculated by the sap from ScMV-I and 
ScMV-C infected plants. Inoculum was obtained by homogeniza-
tion of the leaves with disease symptoms in Sôrensen phosphate 
buffer pH 7.0 (1:1 w/v). Reactions of  host plants were evaluated 
21 days after inoculation and the presence of the virus in symp­
tomless plants was determined serologically. The  experiments 
were repeated three times. 

Virus purification. Both isolates were purified from D. stramo­
nium leaves 21 days after inoculation. One hundred grams of 
leaves were homogenized in 0.5 mol/1 phosphate buffer pH 7.2 
(3:1 v/w) containing 1 % mercaptoethanol and stirred in ice bath 
for 1 hr. After centrifugation at 7000 rpm for 10 mins the super­
natant was clarified by butanol/chloroform (10:6 v/v) extraction 
for 30 mins at room temperature. The virus was precipitated with 
4 % PEG 6000 and 4 % NaCl for 1 hr, collected by centrifugation 
at 16 000 ípm for 15 mins and resuspended in 10 mmol/1 phosphate 
buffer pH 7.2. Further purification was done by gel exclusion 
chromatography on Sephadex G-50 (Pharmacia) column and elu-
tion with 10 mmol/1 phosphate buffer pi I 7.0. The firstly eluted 
highly absorbing material was collected and used for preparation 
of antisera. Virus components were separated by a 10-30 % 
sucrose density gradient centrifugation. The sedimentation coef­
ficient corrected for  the standard conditions (S20, w) was determi­
ned in a Spinco analytical ultracentrifuge at 25 000 rpm in 10 mmol/1 
phosphate buffer p l l  7.0 at 15 °C from three experiments. 
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Antisera against ScMV-C and ScMV-I isolates were prepare< 
each in two rabbits immunized b y  three intramuscular injection: 
o f  the virus emulsified in Al-Span Oil incomplete adjuvant, folio 
wed by two intravenous injections given in 14 days interval: 
without adjuvant. For each injection 0.4 m g  (ScMV-C) and 1.3 m j  
(ScMV-I) of purified virus were used. 

Double diffusion tests in agar were conducted as described b) 
Rana el al. (1988). Both the purified virus and sap from D 
stramonium leaves infected with the two isolates o f  ScMV servec 
as antigens. 

Isoelectric point o f  the isolates was  determined b y  nonequilib-
rium pi I gradient electrophoresis in 1 % agarose gel with 12 "/ 
(w/v) sorbitol and 3.0 % (v/v) of the 4—9 Ampholyte (Serva), anc 
with 0.5 NNaOII and 0.02 N H2SO4 as electrolytes. 

Nucleic acids were isolated from purified viruses b y  pheno 
chloroform extraction and ethanol precipitation (Maniatis, 1982 
and separated in 1 % agarose gel. Double-stranded RNAs(dsRNAs 
were isolated from 1 g o f  infected D. stramonium leaves an 
separated by 5 % polyacrylamide gel electrophoresis (PAGE 
according to Valverde  et al. (1990). M r  o f  the coat protein w a  
estimated by 7.5-15 % gradient PAGE (Laemmli, 1970). 

Electron microscopy. Precipitations for transmission electror 
microscopy were stained with 1 % uranyl acetate.Thin section: 
were prepared from small pieces o f  infected A stramonium leaves 
fixed in 0.1 mol/l phosphate buf fer  pH 7.3 with 5 % glutaraldehy-
de and 4 % sucrose for 2 0  mins at room temperature undei 
vacuum. The samples were postinfixed in 1 % osmium tetraoxide 
dehydrated by washing in solutions with increasing ethanol con­

tent and embedded in Durcupan (Fluka). Thin sections were 

double-stained with uranyl acetate in 7 0  % ethanol and lead citrate 

and examined in Philips 420 electron microscope. 

Fig. I 
Reactions of host plants after inoculation with ScMV-C 

(a) Cucumis sativus, necrotic lesions on inoculated leaves (left) and vein 
clearing and mosaic (right), (b) Nicotiana tabucum L. cv. Samsun, necrotic 

rings on inoculated leaves and mosaic. 
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Fig. 2 
Double diffusion test 

Sap from ScMV-C infected D. stramonium (I), sap from ScMV-I infected 
D. stramonium (2), sap of healthy /). stramonium (3), antiserum to ScMV-C 

(middle well). 

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

Host symptoms 

Natu ra l ly  i n f ec t ed  p l a n t s  o f  S. nodosa w i t h  d a r k  g r een  

m o t t l i n g  m o s a i c  o n  l e a v e s  w e r e  f o u n d  i n  a p l a n t  c o m m u n i t y  

Q u e r c u s - B e t u l a  in  S o u t h  B o h e m i a .  O n l y  i s o m e t r i c  pa r t i c les  

o f  d i a m e t e r  a b o u t  2 7  n m  w e r e  o b s e r v e d  in  e l e c t r o n  m i c r o ­

s c o p e  in s a p  f r o m  the se  p lan t s .  T h e s e  pa r t i c l e s  d i d  n o t  r eac t  

wi th  an t i se ra  aga in s t  T Y M  V ,  E r y s i m u m  la ten t  v i rus ,  A r a b i s  

mosa i c ,  B r o a d  b e a n  wi l t ,  C u c u m b e r  m o s a i c ,  R a d i s h  m o s a i c  

a n d  T u r n i p  m o s a i c  v i ruses .  

T h e  C z e c h  a n d  I ta l ian i so la tes  s u c c e s s f u l l y  i n f e c t e d  10 

f r o m  19 d i f f e r e n t  h o s t  p l an t  s p e c i e s  t e s t ed  ( T a b l e  1). Che-

nopodium amaranticolor C o s t e  e t  R e y n . ,  C .  quinoa Wi l ld . ,  

Sirtapis alba L . ,  Lactuca sativa L .  a n d  Spínacia oleraceaL. 
w e r e  not  suscept ible  t o  infect ion.  Unfortunate ly,  w e  only  
had the poss ibi l i ty  t o  c o m p a r e  host  react ions  o f  S c M V - l  a n d  
S c M V - C  isolates  a s  our  e f f o r t  t o  obtain t h e  third i solate  f r o m  
Germany ( S c M V - G )  descr ibed  b y  Hein ( 1 9 5 9 )  h a s  been 
unsuccess fu l .  
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Table 1. Reactions o f  host plants to the infection with ScMV-C a n d  ScMV-I 

Host plant 

Symptoms 

ScMV-C ScMV-I 

local systemic local systemic 

Nicotiana glutinosa L. NL Mb,St NL Mb,St 
N. clevelandii Gray NR NV NL Mb 
N. tabacum L. cv. Samsun NR Mb NR Mb 

N. tabacum L. cv. White Burley CR,NR Mb CR,NR Mb 

N. benthamiana Domin. CL Mb,LC CL Mb,LC 

Datura stramonium L. NL Mb NL Mb 

Physalis floridana Rybd. CL Mb CL Mb 

Petunia hybrida Hort et Vilm. LI M, LC LI M, LC 

Cucumis sativus L. NL VC, M n.i. n.i. 

Antirrhinum majus L.  LI LI LI VC, M 

Phaseolus vulgaris L. LI St LI St 

CL - chlorotic lesion 
CR - chlorotic rings 
LC - leaf curl 

LI — latent infection 
M — mosaic 
Mb - blister mosaic 

NL - necrotic lesion 
NR - necrotic rings 
NV - necrosis along veins 

St - stunting 
VC — vein clearing 
n . i . -no  infection 

ScMV-C infected C. sativus plants displayed necrotic 
lessions on cotyledons and vein clearing and mosaic on 
leaves (Fig. la), whereas ScMV-I infected plants remained 
symptomless similarly as with ScMV-G (Hein, 1959). 

ScMV-C produced necrotic rings and systemic vein ne­
crosis on N. clevelandii. This plant species infected with 
ScMV-I in our experiments developed necrotic lesions and 
leaf blister mosaic in contrast to  symptomless infection in 
inoculated leaves found by Rana  et al. (1988). 

We found  Antirrhinum majus L.  to  be a latent host 
of ScMV-C and a systemic host of ScMV-I. Nicotiana 
glutinosa L. and Physalic floridana Rybd. were systemic 
hosts of ScMV-C and ScMV-I, whereas Rana et al. (1988) 
found these three species not to be susceptible to ScMV-I. 
ScMV-G pronounced necrotic and chlorotic lessions on A. 
majus and brown local lessions on N. glutinosa (Hein, 
1959). 

Petunia hybrida Hort et Vilm. was not infected systemi-
cally with ScMV-G (Hein, 1959), whereas ScMV-C and 
ScMV-I developed on P. hybrida mosaic, vein clearing and 
leaf curl in our experiments. Rana et al. (1988) described 
symptomless systemic infection on P. hybrida. Our results 
did not confirm the susceptibility of Pisum sativum L. and 
Viciafaba L.  var. equina Pers. to ScMV-C and ScMV-I as 
found by Rana et al. (1988) and Hein (1959). 

N. tabacum L.  cv. Samsun (Fig. lb),  N. glutinosa L., N. 
benthamiana Domin, N. tabacum L. cv. White Burley, 
Datura stramonium L. and Physalis floridana Rybd. pro­
duced a similar systemic green blister mosaic when infected 
with ScMV-C and ScMV-I. 

N. tabacum L.  cv. Samsun, N tabacum L.  cv. White 
Burley, N. glutinosa L., Physalis floridana Rybd. and Cucumis 
sativus L. were previously not described as host plants of ScM V. 

Serology 

The prepared antisera had titer 1:256 and did not react 
with the sap form healthy plants of  D. stramonium. Both the 
isolates reacted with these antisera. did not form spur lines 
and were serologically indistinguishable (Fig. 2). 

Purification, electron microscopy and isoelectric point 

The A260/280 ratio of  purified ScMV-I and ScMV-C 
was 1.65 and 1.63, respectively. The virus yield was 22.4 
mg from 100 g leaves with ScMV-C and 41.1 m g  with 
ScMV-I. 

Electron micrographs of both isolates showed numerous 
"full particles" (nucleoprotein particles) and "empty shells" 
(capsids only) of diameter 25-27 nm (Fig. 3) in accord with 
data of Rana et al. (1988), Bercks et al. (1971) and Bercks 
(1973). In ultrathin sections alterations typically associated with 
tymovirus infections were seen. Chloroplasts developed small 
peripheral vesicles bounded by double membranes and laterthey 
rounded and clumped similarly as described by Koenig and 
Lesemann (1979) and Lesemann (1977). Numerous virus parti­
cles were observed in vacuoles and in the cytoplasm. 

The isoelectric points of intact particles of ScMV-C and 
ScMV-I were 3.9 ± 0.1 and 4.4 ± 0.3, respectively, for both 
bottom (B) and top (T) components. 
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Fig. 3 
Electron micrographs of purified ScMV-C 

liar = 100 nm. 

Sedimentation coefficient of ScMV-C 

The sedimentation coefficients (S20,w) of B and T com­
ponents of ScMV-C were 112±3 and 57±3 S, respectively. 
These results slightly differ from those published by Rana 
et al. (1988), who found 103 S and 49 S, respectively, for 
ScMV-i, and from those of Bercks et al. (1971), who 
determined 116 S and 54 S, respectively, for ScMV-G. 

Viral coat protein and nucleic acids 

The coat proteins of ScMV-C and ScMV-I formed in 
PAGE single band of Mr 21.3 K and 20.3 K, respectively in 
accord with M r  20.0 K reported for ScM V-I by Rana et al. 
(1988). Virions contained ssRNA of just one size (Mr 

2.0 x 106) and no subgenomic RNAs. On the other hand, 
several dsRNAs of various length were isolated from D. 
stramonium plants infected with ScMV-C. These dsRNAs 
had M r  4 x 106, 3.5 X 10°, 0.5 x 106. The dsRNAs isolated 
from plants inoculated with ScMV-I were identical. 

There is only a limited information about the spectrum 
of dsRNAs in plants infccted with tymoviruses. TYMV 
produces during its life cycle small amount of subgenomic 
ssRNAs, and several subgenomic dsRNAs were isolated in 
vitro (Gargouri et al, 1989). Also dsRNA of double genomic 
lenght (Mr 4 x 1(/') was reported (Garnier el al., 1980). 

The comparison of physical characteristics showed dif­
ferences in the sedimentation coefficient and isoelectric 
point of ScMV-C components and in Mr of ScMV-C coat 
protein as compared to other ScMV isolates. According to 
these results ScMV-C seems to be closely related to the 
German isolate, ScMV-G (Bercks et al, 1971; Bercks, 1973). 

On the other hand, ScMV-I and ScMV-C isolates were 
serologically indistinguishable, whereas ScMV-G and 
ScMV-I were serologically different in experiments con­
ducted by Rana et al. (1988). 

With respect to similarities in host plant reactions of ScMV-
C and ScMV-I and their serological relatedness it seems that 
ScMV-C is more related to ScMV-I than to ScMV-G. 
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