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A b s t r a c t

A virus was isolated, using mechanical inoculation, 
from hill mustard (Bunias orientalis L.) plants exhibiting yel-
low mottling and blistering on leaves, which were frequently 
accompanied by asymmetric leaf narrowing. It systemically 
infected certain plants from the family Brassicaceae (Brassica 
rapa, Bunias orientalis, Hesperis matronalis, Sinapis alba) as 
well as Cleome spinosa and Nicotiana clevelandii, and locally 
Atriplex hortensis, Chenopodium quinoa, Ch. amaranticolor,
N. tabacum. In the sap, it maintained infectivity for 3-4 days and 
lost it after heating for 10 min. at a temperature of 55 – 60oC 
or when diluted with water at 10-3. Virus particles were thre-
ad-like with a length of 675 – 710 nm. Based on an analysis 
of biological properties of the pathogen, serological response, 
particle morphology and data from field observations, it was 
identified as an isolate of Turnip mosaic virus (TuMV), and hill 
mustard was recognised as a natural overwintering host for this 
pathogen. 

Key words: leaf malformation, yellow mottling, leaf narrow-
ing, blistering

INTRODUCTION

Hill mustard (Bunias orientalis L.) is a herba-
ceous plant of the cabbage family – Brassicaceae (syn. 
crucifers – Cruciferae), which grows up to a height 
of 2 m (Fig. 1). It is treated as a biennial or perennial 
(B i r n b a u m , 2006). It has been recognised to be an 
invasive alien species due to its strong expansion from 
south-eastern Europe to the west and north, in particu-
lar over the last thirty years (D i e t z  et al. 1999). It is 
currently found in all countries of central Europe, in 
a large part of western and northern Europe as well 
as in North America (B i r n b a u m , 2006). In Poland 
it is widespread across the whole country. (Z a j ą c 
and Z a j ą c , 2001). It mostly occupies anthropogenic 
habitats on calcareous substrate, such as roadsides, 
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railway embankments, landfills, debris disposal sites 
and worked-out quarries (P i ę k o ś - M i r k o w a , 
2002; T o k a r s k a - G u z i k  et al. 2005), frequently 
forming dense populations. K o m p a ł a - B ą b a  et al. 
(2005) presented phytosociological approach of com-
munities with the participation of Bunias orientalis. 
This kenophyte also penetrates into semi-natural com-
munities, and even into specially protected areas such 
as, e.g., national parks (M i c h a l i k , 1978; P i ę k o ś -
M i r k o w a ,  2002). Plants of this species have been 
the objects of research, primarily geobotanical and 
population studies, and incidentally phytopathological 
studies. An example of the latter is a paper of L i h -
n e l l  (1951) from Sweden who found hill mustard 
exhibiting leaf mosaic as a result of infection with
Cucumber mosaic virus (CMV).

During research on the spread of the hill mus-
tard population from the grounds of the former Nazi 
concentration camp in Kraków – Płaszów to green 
areas of a housing estate located nearby, extremely 
severe symptoms of yellow mottling and leaf malfor-
mation  in the form of blistering and asymmetric leaf 
narrowing were observed in over a dozen individuals 
of this species growing in the edge zone of the popu-
lation (Fig. 2). It was thought that they could be an 
effect of virus infection, therefore a study was carried 
out in order to explain the reason for the development 
of these symptoms. This paper presents the results of 
this study.

MATERIALS AND METHODS

The plant material used to isolate the pathogen 
comprised young leaves sampled from one hill mus-
tard plant exhibiting characteristic disease symptoms. 
The leaves were used to prepare,  by grinding them in 
a small amount of phosphate buffer, a homogenisate 
with which indicator plants were inoculated. These 
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plants were as follows: Chenopodium quinoa, Nico-
tiana clevelandii, N. tabacum ‘Xanthi’, Brassica rapa. 
The isolated virus was maintained and propagated in 
systemically responding plants of N. clevelandii and B. 
rapa. The sap from these plants was used to inoculate 
the test plants and to examine the stability of the virus 
in the sap. In the biological test, reisolations were made 
to Ch. quinoa plants from leaves of the plants in which 
after inoculation no disease symptoms had occurred, or 
only local symptoms. The morphology of virus parti-
cles was examined using a Tesla electron microscope. 
Slides for examination were prepared from leaf tis-
sue of systemically infected plants of N. clevelandii, 
by means of the deep method, using phosphotungstic 
acid to stain the solution. Particle measurements were 
performed on electronograms. In order to verify the 
results of the phase designed to identify the pathogen 
and to examine the presence of Turnip mosaic virus 
(TuMV) in hill mustard plants growing in field condi-
tions, serological investigations were carried out using 
the DAS – ELISA method. In these tests, anti-TuMV 
polyclonal antibodies were used (cat. No. 07049 man-
ufactured by Loewe). Hill mustard leaves, sampled 
from 12 specimens growing in field which exhibited 
disease symptoms and from 3 specimens with no dis-
ease symptoms, were the source of antigens. Loewe 
I buffer was used for extraction (2 ml per 0.2 g of leaf 
tissue). The tests were performed on Nunc MaxiSorp 
plates. The absorbance was measured at 405 nm using 
a multiscan photometer (Labsystem Multiscan MS).

RESULTS

The pathogen was isolated by transferring it 
without difficulty with the sap of the diseased hill mus-
tard plant to Chenopodium quinoa, Nicotiana tabacum 
‘Xanthi’, N. clevelandii, Brassica rapa plants, which 
was evidenced by the symptoms that appeared on these 
plants after their inoculation. 

The indicator plants used at this stage of the in-
vestigations responded to mechanical inoculation with 
the isolated pathogen as follows:

From the cabbage family:
Brassica napobrassica – no symptoms. Nega-

tive result of reisolation.
Brassica rapa – local chlorotic spots, systemic 

mosaic and leaf deformation, growth inhibition.
Brassica oleracea var. capitata – no symptoms. 

Negative result of reisolation.
Bunias orientalis – local spreading chlorotic 

spots, and subsequently severe systemic response in 
the form of yellow mottling and blistering as well as 
deformation of young growing leaves. Low efficiency 
of infections (3 infected plants out of 14 inoculated 
ones).

Hesperis matronalis – local chlorotic spots, se-
vere systemic mottling, blister-like protuberances and 
leaf blade deformation.

Mathiola incana – no symptoms. Negative
result of reisolation.

Sinapis alba – systemic mosaic and growth
inhibition. 

From other families:
Atriplex hortensis – local necrotic spots, no sys-

temic symptoms. Negative result of reisolation.
Chenopodium quinoa – local necrotic spots, no 

systemic symptoms. Negative result of reisolation.
Cleome spinosa – local chlorotic spots, systemic 

stem streaking, growth inhibition.
Cucumis sativus ‘Monastyrski’ – no symptoms. 

Negative result of reisolation.
Nicotiana clevelandii – local chlorotic and 

necrotic spots, systemic mosaic, and subsequently 
necrotisation of leaf blades progressing from the leaf 
base, leading to the death of whole plants.

N. glutinosa – no symptoms. Negative result of 
reisolation.

N. tabacum ‘Xanthi’ and ‘Samsun’ – local 
necrotic spots, no systemic symptoms. Negative result 
of reisolation. 

The traits determining the stability of the iso-
lated virus in the sap from N. clevelandii plants are as 
follows: longevity in vitro (LIV) 4 – 5 days, thermal 
inactivation point (TIP) 55 – 600C, dilution end point 
(DEP) 10-4. 

The virus particles observed and measured on 
electronograms were thread-like, with a length of rang-
ing from 675 to 710 nm (Fig. 3). 

The results of the DAS – ELISA serological 
test are collected in Tab. 1. Field observations of the 
diseased hill mustard specimens, carried out for four 
successive growing seasons, showed that every year 
disease symptoms, similar to the previous year’s 
symptoms, appeared on leaves in the same individuals; 
these symptoms were particularly severe in the spring 
period, becoming milder with time. In each of these 
plants, the presence of Turnip mosaic virus was de-
tected using a serological test.

DISCUSSION

The results of the biological and serological 
tests, as well as the particle morphology of the isolated 
pathogen, form the basis for identifying it as Turnip 
mosaic virus (TuMV). In terms of stability in sap, it 
meets the criteria described in the characteristics of 
TuMV given by T o m l i n s o n  (1970), and it was 
similar to Polish TuMV isolates obtained from ruta-
baga (B ł a s z c z a k , 1976; K o b y ł k o  and M a j , 
1989), horseradish (T w a r d o w i c z - J a k u s z  et 
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Sample Absorbance value at 405 nm 
(for two wells)

Positive control
 

Negative control

2.718          2.875

0.010          0.012

Hill mustard with symptoms no. 1
                                               no. 2
                                               no. 3
                                               no. 4
                                               no. 5
                                               no. 6 
                                               no. 7
                                               no. 8
                                               no. 9
                                               no. 10
                                               no. 11
                                               no. 12  

   587          2.743     
1.673          1.725
1.971          2.112
1.343          1.314
2.176          2.130       
2.327          2.467  
1.054          1.017
1.139          1.141
0.511          0.357
0.456          0.366
0.453          0.324
0.822          0.641

Hill mustard without symptoms no. 1
                                                    no. 2 
                                                    no. 3

0.019          0.020
0.016          0.017
0.006          0.009

Table 1
Results of the DAS ELISA serological test for the presence of TuMV in hill mustard plants covered by the study.

al. 1977), carrot (T w a r d o w i c z - J a k u s z ,  1979), 
poppy (P r z y b y l s k a , 1991). The thread-like shape 
of particles of the isolated pathogen and their length, 
being within a range of 675-710 nm, may be assessed 
as traits matching Turnip mosaic virus (T o m l i n s o n , 
1970; P r o v v i d e n t i , 1981). The trait in which the 
investigated isolate clearly differs from the abovemen-
tioned TuMV isolates is a narrower range of plants sus-
ceptible to infection than in their case, since it did not 
infect certain Brassicaceae plants, such as: Brassica 
oleracea var. capitata, Brassica oleifera, Brassica na-
pobrassica, Mathiola incana. This trait, used as a crite-
rion applied by M c  D o n a l d  and H i e b e r t  (1975) 
to distinguish two types among TuMV isolates, allows 
this isolate to be recognised as type II. The isolates 
which can infect all Brassica species are classified 
by these authors as type I, whereas the isolates which 
infect only some cabbage species and do not gener-
ally infect Brassica oleracea are included in type II. 
In the analysis of plant responses used to identify the 
isolated pathogen, also worth noticing is the fact that 
it did not infect, similarly to an isolate from Hesperis 
(K o b y ł k o  and M a j , 1991), Nicotiana glutinosa 

plants, hence, a species which is mentioned as the one 
which is susceptible to systemic infection by TuMV 
(S m i t h , 1972) and which is recommended for its 
propagation (T o m l i n s o n , 1970; P r o v v i d e n t i , 
1981). It may attest to significant dissimilarity relative 
to other TuMV isolates or raise certain identification 
doubts. This specific biological trait of the isolated 
virus should be assessed in the context of the state-
ment that TuMV isolates differ markedly in terms of 
virulence and test plant responses, the consequence of 
which is a large number of strains identified in differ-
ent regions of the world (S h u k l a  et al. 1994). 

The results of the serological test, in which 
absorbance readings for the test samples were only 
slightly lower than readings for positive controls (Tab. 
1), ultimately confirmed the diagnosis that hill mustard 
was infected by TuMV. 

The systemic infection symptoms, which had 
developed in the hill mustard plants experimentally 
inoculated with the isolated pathogen, were similar 
to the symptoms observed in the individuals growing 
in a natural stand. It allows TuMV to be identified as 
the casual agent of yellow mottling of leaves, blistering 
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Fig. 1. Hill mustard in a natural stand.

Fig. 2. Hill mustard leaves. A – from an uninfected plant. B, C, D – from naturally TuMV-infected plants.

Fig. 3. TuMV in the sap of infected Bunias orientalis specimens. 
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and leaf narrowing. The appearance in spring of leaves 
with characteristic disease symptoms in the same 
specimens as in the previous year and the detection of 
TuMV in them prove that this pathogen survived the 
winter in the underground organs. It gives the basis for 
classifying hill mustard plants as natural overwinter-
ing hosts of Turnip mosaic virus. The longevity of hill 
mustard, reaching up to 12 years (D i e t z  and S t e i n -
l e i n , 1998), makes this species a potentially danger-
ous host of TuMV, since infected individuals can be 
a source of infection threatening Brassica plants for 
many years.

CONCLUSIONS

1. The casual agent of yellow mottling, blistering and 
asymmetric leaf narrowing in hill mustard plants 
turned out to be a specific isolate of Turnip mosaic 
virus (TuMV), which infected only some Brassica 
plants.

2. Hill mustard should be classified as natural hosts of 
TuMV, which overwinter this pathogen.

3. TuMV-infected hill mustard plants can serve as 
reservoirs of the virus for many growing seasons, 
being a potential source of infection.
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Rukiewnik wschodni (Bunias orientalis L.)
naturalnym gospodarzem przezimowującym 
wirusa mozaiki rzepy (Turnip mosaic virus)

S t r e s z c z e n i e

Z roślin rukiewnika wschodniego (Bunias 
orientalis L.) wykazujących na liściach żółtą plami-
stość i pęcherzykowatość, którym często towarzyszy-
ła niesymetryczna redukcja blaszek, wyizolowano, 
za pomocą mechanicznej inokulacji, wirusa. Zakażał 
on systemicznie niektóre rośliny z rodziny Brassi-
caceae (Brassica rapa, Bunias orientalis, Hesperis 

matronalis, Sinapis alba) oraz Cleome spinosa i Ni-
cotiana clevelandii, a lokalnie Atriplex hortensis, Che-
nopodium quinoa, Ch. amaranticolor, N. tabacum. 
W soku zachowywał infekcyjność przez 3-4 dni, tra-
cił ją po podgrzaniu przez 10 min. w temperaturze 55 
– 60oC lub przy rozcieńczeniu wodą wynoszącym 10-3. 
Cząsteczki wirusa miały postać nitkowatą o długości 
od 675 – 710 nm. Na podstawie analizy właściwości 
biologicznych patogena, reakcji serologicznej, mor-
fologii cząstek oraz danych z obserwacji terenowych 
zidentyfikowano go jako izolat wirusa mozaiki rzepy 
TuMV, a rukiewnik wschodni uznano za naturalnego 
gospodarza przezimowującego tego patogena.
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