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Different classes of resistance to turnip mosaic virus in Brassica rapa
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Abstract

Pathotype-specific and broad-spectrum resistance to turnip mosaic virus (TuMV) have been identified in the diploid A
genome brassica species Brassica rapa. The pathotype-specific resistance is effective against pathotype 1 isolates of
TuMV, which are the most common in Europe. It is almost identical in its specificity to that of a mapped resistance
gene (TuRB01) present in the A genome of the amphidiploid species Brassica napus. A mutant of a pathotype 1
isolate of TuMV (UK 1M) that is able to overcome TuRB01 also overcame the B. rapa resistance. This, combined
with the fact that a single-nucleotide mutation in the cylindrical inclusion gene of TuMV that has been shown to
induce a change from avirulence to virulence against TuRB01, had an identical effect on the B. rapa resistance,
suggest that the two resistances are conditioned by the same gene. A second source of resistance in B. rapa prevented
systemic spread of all TuMV isolates tested. A third source of resistance that appears to provide immunity to, or
severely restrict replication of most isolates of TuMV has been characterised. This resistance source also prevented
systemic spread of all TuMV isolates tested. Prior to this study, no resistance to pathotype 4 or pathotype 12 isolates
of TuMV had ever been identified. For each of these three resistance sources, plant lines that are not segregating for
some of the resistance phenotypes and that are presumably homozygous for the genes controlling these phenotypes
have been generated. Strategies for further characterising and deploying these resistances in different Brassica
species are described.

Introduction

Turnip mosaic virus (TuMV) is a member of the
Potyviridae, the largest family of plant viruses. It is
an important pathogen of Brassica species and other
crops worldwide. In certain parts of Asia where large
amounts of Chinese cabbage (Brassica rapa) are con-
sumed, TuMV is a major constraint on production. In
China, following detailed national surveys, it has been
shown to be the most important pathogen of B. rapa.
In other parts of the world, for example Europe where
B. oleracea vegetable types (cabbage, cauliflower,
broccoli, Brussels sprout) are widely grown, again
TuMV is a major problem (Tomlinson, 1987). There are

a number of reasons why TuMV is such a widespread
and important pathogen. It has a very wide host range,
the widest in terms of plant genera of any potyvirus.
It infects 318 plant species, including weed plants
belonging to 14 different families (Shattuck, 1992).
Also in many parts of the world, horticultural and arable
brassicas are grown in close proximity and often there
is year-round production which results in reservoirs
of TuMV-infected plants providing constant inoculum
sources for aphid vectors (Walsh, 1986).

Due to the ineffectiveness of insecticides in con-
trolling TuMV (Evans and MacNeil, 1983; Niu et al.,
1983), deployment of natural plant resistance is likely
to be the most effective means of control. Extreme
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forms of resistance to TuMV have been described
in B. napus (Tomlinson and Ward, 1978; Shattuck
and Stobbs, 1987; Walsh and Tomlinson, 1985) and
B. rapa (Provvidenti, 1980; Niu et al., 1983; Suh et al.,
1995). The only gene conferring resistance that has
been mapped to date (TuRB01) is in the A genome
of B. napus (Walsh et al., 1999). None of the resis-
tances described to date have been found to be effec-
tive against all isolates of TuMV. No extreme forms of
resistance to TuMV have been reported in B. oleracea
(C genome) types. There is a need to find sources of
broad-spectrum resistance to all pathotypes of TuMV
in brassicas, or to combine different resistance sources
that, together, will provide broad-spectrum resistance.
In the longer term it is desirable to deploy these genes
in the different Brassica species. In order to achieve
this, it will be necessary to fully characterise the resis-
tances, determine their mode of inheritance and map the
genes involved. This will facilitate the rapid introgres-
sion of these genes into desired genetic backgrounds
by marker-assisted selection.

Variation in TuMV in terms of interactions with
Brassica plants has been studied, is reminiscent of a
gene-for-gene relationship and twelve different patho-
types have been described (Jenner and Walsh, 1996).
The characterisation and genetic mapping of the virus
resistance gene in Brassica, TuRB01 (Walsh et al.,
1999) and the identification of the TuMV gene encod-
ing the pathogenic determinant to this gene (Jenner
et al., 2000) has established the first gene-for-gene
interaction between TuMV and Brassica. The diver-
sity of TuMV identified earlier (Jenner and Walsh,
1996) has been utilised in the work described here to
characterise new sources of resistance.

As a first and necessary step in the genomic map-
ping and deployment of resistances to TuMV, this paper
describes the characterisation of a pathotype-specific
and two different pathotype non-specific resistances to
TuMV in B. rapa. We also discuss how these resistances
could be deployed in different Brassica crop species.

Materials and methods

Virus isolates and Brassica lines

The TuMV isolates UK 1, CZE 1, CDN 1, JPN 1,
DEU 7, GK 1 and UK 4, were used as type mem-
bers of pathotypes 1, 3, 4, 7, 8, 9 and 12 respec-
tively (Jenner and Walsh, 1996). Additionally, CHN 5
which is a particularly important resistance-breaking

isolate representing the strain C5 (Green and Deng,
1985) and belonging to pathotype 3 (Jenner and Walsh,
1996) was used. The isolate UK 1M is a resistance-
breaking mutant of UK 1 (Lehmann et al., 1997). The
infectious clone of TuMV, p35Tunos (Sánchez et al.,
1998) derived from UK 1 was also used. A single-
nucleotide change was introduced into this clone at
position +5570 (Jenner et al., 2000). Virus derived
from p35Tunos (v35Tunos) cannot infect plants pos-
sessing the resistance gene TuRB01, whereas virus
derived from the altered clone (v35Tunos +5570
A > G) is capable of overcoming TuRB01 (Jenner
et al., 2000).

The Chinese cabbage lines studied were the
F1 hybrid cultivar Tropical Delight (T. Sakata and
Company) with some resistance to TuMV (Provvidenti,
1980) and lines BP079 and BP058 found to be among
the five most resistant lines of 3000 tested (Liu et al.,
1996). Selfs were produced by bud pollination and then
covering pollinated flowers with bags. B. napus line
N-o-1 possesses the resistance gene TuRB01 (Walsh
et al., 1999).

Disease assays

The virus-plant interactions were determined as
described by Jenner and Walsh (1996). Indirect plate-
trapped antigen (PTA) ELISA tests were carried out as
described by Walsh et al. (1999). Triple antibody sand-
wich (TAS) ELISA using a polyclonal antiserum to
TuMV to coat the plates, the monoclonal antibody
EMA 67 as the secondary antibody (Jenner et al., 1999)
and goat anti-mouse alkaline phosphatase conjugate
(Sigma) as the tertiary antibody was carried out in some
instances. In addition to ELISA testing, leaves from
test plants were ground up in inoculation buffer (Jenner
and Walsh, 1996) and inoculated to plants of a highly
susceptible mustard, B. juncea cultivar Tendergreen in
some cases, to further check for the presence or absence
of TuMV infection. Reverse transcriptase polymerase
chain reaction (RT-PCR) was performed on extracts
of Tropical Delight leaves systemically infected with
v35Tunos +5570 A > G, using the oligonucleotide
primers 5′-GGTGGGACGTCCTTTGGTAAC-3′ and
5′-CAGGTTTTGGTCGGCTTTCA-3′ to amplify the
region of the cytoplasmic inclusion gene encompassing
position +5570. The product was sequenced (Jenner
et al., 2000).

In all experiments, all virus isolates were inocu-
lated to the B. napus differentials that define their
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pathotype (Jenner and Walsh, 1996), in order to check
their authenticity and stability. All isolates behaved as
described previously on these differentials (Jenner and
Walsh, 1996).

Results

Tropical Delight resistance

The cultivar Tropical Delight had extreme resistance
(0) to UK 1, was resistant to systemic infection but
susceptible to local necrotic infection (RN) by GK 1
and was susceptible to both CZE 1 (+N) and CDN 1
(+) (Table 1). One plant showing the RN phenotype
to GK 1 was selfed (S1) and then a single S1 plant
was selfed to give a larger bulk of S2 seed for further
investigation. This S2 family (S234.1) was segregating
for plants with systemic necrotic infection (+N) and
extreme resistance to UK 1, necrotic and non-necrotic
systemic infection to CZE 1, CHN 5 and CDN 1, and
non-necrotic (R) and necrotic resistance to systemic
spread of GK 1 (Table 1). It showed extreme resistance
to JPN 1, resistance to systemic spread of DEU 7 and
was susceptible to UK 4 (Table 1). The S234.1 plants
from this experiment with extreme resistance to UK 1

Table 1. The interaction of the Chinese cabbage (B. rapa) F1 hybrid cultivar Tropical Delight, lines BP079 and BP058 and selfs with a
range of turnip mosaic virus (TuMV) isolates

Plant
line

TuMV isolate (pathotype)

UK 1 (1) UK 1M (3) CZE 1 (3) CHN 5 (3) CDN 1 (4) JPN 1 (7) DEU 7 (8) GK 1 (9) UK 4 (12)

Tropical 0 n.t. +N n.t. + n.t. n.t. RN n.t.
Delight

S2.34.11 0/+N n.t. +/+N +/+N +/+N 0 RN R/RN +N

S3.RL2-432 0 +N n.t. n.t. +N n.t. n.t. n.t. n.t.
BP079 R6 n.t. R6 n.t. R6 n.t. n.t. R6 n.t.
S2.22.33 R6 n.t. R6 R6 R6 0 R6 R6 R6

S1BP0584 0 n.t. 0 0/R 0/R n.t. n.t. n.t. n.t.
S2BP0585 0/R7 n.t. 0/R7 R7 0/R7 0 0/R7 0 0/R7

1S2 family derived from single S1 plant derived from a Tropical Delight plant.
2S3 family derived from a single UK 1 immune S2 plant.
3S2 family derived from single S1 plant derived from a BP079 plant.
4S1 family derived from a single BP058 plant.
5S2 family derived from a single CDN 1 apparently immune S1 plant.
6distinct chlorotic spots and virus detected in inoculated leaves, but no symptoms and no virus detected by ELISA in uninoculated leaves.
7PTA ELISA only detected TuMV in leaves inoculated with UK 4, TuMV was detected in inoculated leaves of plants inoculated with all
these isolates following back inoculation to B. juncea. TAS ELISA on inoculated leaves from plants inoculated with UK 1 and CHN 5
detected TuMV in some, but not all plants.
0 = no symptoms and no virus detected in leaves by ELISA; R = infection of inoculated leaves but no symptoms and no virus detected by
ELISA in uninoculated leaves; RN = as for R but inoculated leaves showed necrotic lesions; + = systemic mosaic symptoms throughout
plants and virus detected in uninoculated leaves; +N = systemic necrotic symptoms in plants and virus detected in uninoculated leaves;
n.t. = not tested.

were bud self-pollinated to produce S3 generations that
were inoculated with UK 1. All plants of one of the S3

families (S3.RL2-43) had extreme resistance (no virus
detected in all 10 plants tested) to UK 1. Plants of the
same S3 family inoculated with UK 1M and CDN 1
were all fully susceptible to these isolates (Table 1).

All plants of the S3.RL2-43 family and the con-
trol plant line N-o-1 showed extreme resistance to
v35Tunos (and UK 1 inoculated on the same occa-
sion as a control). In contrast, v35Tunos +5570 A >

G spread systemically in both S3.RL2-43 and N-o-1,
inducing a severe necrosis, including necrotic spots
on leaves and sequencing verified the presence of the
mutation at position +5570.

BP079 resistance

In initial tests on BP079 plants derived from the small
amount of seed available, all plants were resistant to
systemic spread (R) of UK 1, CZE 1, CDN 1 and
GK 1 (Table 1). In other words, virus was detected in
inoculated leaves following mechanical inoculation but
not in uninoculated leaves. Consequently, plants were
selfed to produce a S1 generation and then a S1 plant
was selfed to provide S2 seed for further evaluation. All
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individuals of the S2 generation were resistant to sys-
temic spread (R) of all isolates of TuMV tested with the
exception of JPN 1, where no infection of inoculated
leaves was detected (Table 1). Most isolates caused dif-
fuse chlorotic lesions in varying numbers on inoculated
leaves of the BP079 and S2 plants. UK 1 gave very weak
symptoms on inoculated leaves of the S2 plants and it
was difficult to detect infection by ELISA in inoculated
leaves of all plants. However, inoculations from inoc-
ulated leaves to B. juncea cultivar Tendergreen con-
firmed the presence of TuMV in the inoculated leaves
of all plants tested.

BP058 resistance

Only one seed of the line BP058 germinated, so this was
immediately selfed to provide S1 seed for further eval-
uation. PTA ELISA did not detect TuMV in any plants
of the S1 generation that had been inoculated with UK 1
and CZE 1. This generation appeared to segregate for
no virus detected (0) and resistance (R) to CHN 5 and
CDN 1 (Table 1). A S1 plant with extreme resistance
to CDN 1 was selfed to produce S2 seed. PTA ELISA
tests on inoculated leaves of S2 plants detected UK 4
but failed to detect any of the other isolates (Table 1).
However, back inoculations from inoculated leaves of
the BP058 S2 generation to B. juncea detected the pres-
ence of TuMV in some, but not all plants that had been
inoculated with UK 1, CZE 1, CHN 5, CDN 1, DEU 7
and UK 4. TAS ELISA of leaves inoculated with the
UK 1 and CHN 5 isolates of TuMV detected TuMV in
leaves of some of the plants inoculated with UK 1 (3/10)
and most of the plants inoculated with CHN 5 (9/10).
No clear symptoms were seen in leaves inoculated with
any of the isolates, occasionally what appeared to be
very faint chlorotic spots were seen in the inoculated
leaves of some plants. No virus was detected in uninoc-
ulated leaves of any of the plants tested by PTA ELISA,
TAS ELISA or back inoculation to B. juncea.

Discussion

The three B. rapa lines described in this study illus-
trate two very different types of disease resistance. The
Tropical Delight resistance was strain-specific; it was
only fully effective against two of the seven patho-
types tested and partially effective against another two.
It is not surprising that the S2 generation segregated
for some of these resistances, as Tropical Delight is
an F1 hybrid cultivar of Chinese cabbage and hence

will be heterozygous at many loci. The S3 family
(S3RL2-43) derived from a resistant S2 plant was uni-
formly extremely resistant to UK 1 TuMV, indicating
that it and the S2 plant were homozygous for at least one
major gene controlling extreme resistance (possibly
immunity) to UK 1. The specificity of this resistance
was virtually identical to that of the R4 differential of
the B. napus series used to pathotype TuMV isolates
(Walsh, 1989; Jenner and Walsh, 1996) and that con-
ferred by the gene TuRB01 (Walsh et al., 1999). This,
along with the fact that the characterised mutant of
UK 1 (UK 1M) that overcomes R4 (Lehmann et al.,
1997) and TuRB01 (Walsh et al., 1999), also overcame
the Tropical Delight resistance and that TuRB01 has
been mapped to the A genome of B. napus (derived
from B. rapa), suggested that the resistance from
Tropical Delight was conferred by TuRB01. Results
from tests with viruses derived from the infectious
clone demonstrated that the single-nucleotide change
in the cylindrical inclusion gene of TuMV (demon-
strated to be a pathogenic determinant for TuRB01) was
a pathogenic determinant for the resistance in Tropical
Delight. This suggests very strongly that the resistance
in Tropical Delight must act by the same mechanism
as TuRB01 and provides further evidence that it may
be derived from TuRB01. The apparent propensity of
pathotype 1 isolates to mutate and overcome TuRB01
(Jenner and Walsh, 1996; Walsh et al., 1999) sug-
gests that deployment of the Tropical Delight source
of resistance is unlikely to provide durable resistance
to TuMV in the absence of other sources of resistance.
Tropical Delight is one of the differentials described
by Provvidenti (1980) and used by others (Green and
Deng, 1985) to identify the C1-5 strains of TuMV.
C1 strains of TuMV are defined by an inability to
infect Tropical Delight (Provvidenti, 1980) and patho-
type 1 isolates described by Jenner and Walsh (1996)
are defined by an inability to infect the B. napus differ-
ential R4. This suggests that strain C1 and pathotype 1
are genetically identical in terms of their interactions
with these B. rapa and B. napus differential lines.

The BP079 and BP058 sources of resistance were
effective against all TuMV pathotypes tested. This is
the first example of resistance to CDN 1 (pathotype 4
isolate of TuMV) and UK 4 (pathotype 12 isolate).
In these respects and as they also have resistance to
CHN 5, these lines may be especially valuable sources
of resistance. The R phenotype exhibited by BP079 and
BP058 indicated resistance to long-distance movement
of the virus. The detection of virus in inoculated leaves
of BP079 plants and the presence of chlorotic spots
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in inoculated leaves suggest that TuMV is capable of
limited cell-to-cell movement in these plants. The fact
that all individuals in the S2 generation of BP079 and
BP058 were resistant to systemic spread of all TuMV
isolates tested indicated the S1 and S2 individuals were
homozygous for gene(s) controlling resistance to the
TuMV isolates.

The BP058 line appears to possess a more extreme
form of resistance than BP079, in that no clear symp-
toms were seen in inoculated leaves and no virus was
detected by PTA ELISA for most TuMV isolates tested.
The inability to detect TuMV by PTA ELISA and
the fact that some TuMV isolates were detected in
some, but not all inoculated leaves by back inocula-
tion, demonstrates that for all isolates except UK 4,
the amounts of virus present must have been very low
and at the limits of detection for these techniques. TAS
ELISA detected TuMV in BP058 S2 plants where PTA
had failed to detect TuMV, demonstrating the increased
sensitivity of the former. The inability to detect CHN 5
in the inoculated leaves of one BP058 S2 plant that was
subsequently shown to be infected following inocula-
tion to mustard plants, again suggests that the amount
of virus in inoculated leaves was small or that there is
leaf-to-leaf variation for individual plants.

Having produced lines of Tropical Delight, BP079
and BP058 that are not segregating for at least one
of their resistance phenotypes, it will now be possi-
ble to proceed and genetically characterise these resis-
tances and map genes controlling resistance to TuMV
in B. rapa. This will then facilitate the rapid introgres-
sion of the resistances into other genetic backgrounds
by marker assisted selection. As well as deploying the
resistances in Chinese cabbage (B. rapa) cultivars, it
will be possible through the production of resynthe-
sised B. napus lines, to deploy the genes in oilseed
rape and swede. The markers will facilitate attempts
to move the genes into the C genome through interge-
nomic recombination in resynthesised B. napus and
ultimately the transfer of genes to B. oleracea. The
movement of resistance to clubroot (Plasmodiophora
brassicae) from B. rapa into B. oleracea has already
been achieved (Chiang et al., 1980). We are also inves-
tigating other sources of resistance to TuMV and study-
ing the viral determinants of virulence/avirulence in
TuMV for the different plant resistance genes (Jenner
et al., 2000). The long-term goal is to use this informa-
tion to identify combinations of resistance genes that
not only will give resistance, or preferably immunity,
to all isolates of TuMV, but will also provide durable
resistance/immunity.

Acknowledgements

We thank the Hebei Vegetable Research Institute,
Shijiajuang, China for the BP079 and BP058 plant
lines, Cathy Bowman for developing S1and S2 material.
We are especially grateful to Fernando Ponz and
Flora Sánchez for providing the infectious clone of
TuMV (p35Tunos). This research was funded by
the Biotechnology and Biological Sciences Research
Council (BBSRC) core strategic grant to HRI, the
European Community (grant number ERB 3514 PL96
1223), a BBSRC PhD studentship to R.L.R. and the
Department for Environment, Food and Rural Affairs
(DEFRA), U.K.

References

Chiang BY, Chiang MS, Grant WF and Crete R (1980) Transfer of
resistance to race 2 of Plasmodiophora brassicae from Brassica
napus to cabbage (B. oleracea ssp. capitata). IV. A resistant
18-chromosome B1 plant and its B2 progenies. Euphytica 29:
47–55

Evans IR and MacNeil BH (1983) Virus disease of rutabagas
(turnips). Ontario Ministry of Agriculture and Food Factsheet
73-061

Green SK and Deng TC (1985) Turnip mosaic virus strains in
cruciferous hosts in Taiwan. Plant Disease 69: 28–31

Jenner CE and Walsh JA (1996) Pathotypic variation in turnip
mosaic virus with special reference to European isolates. Plant
Pathology 45: 848–856

Jenner CE, Keane GJ, Jones JE and Walsh JA (1999) Serotypic
variation in turnip mosaic virus. Plant Pathology 48: 101–108

Jenner CE, Sánchez F, Nettleship SB, Foster GD, Ponz F and
Walsh JA (2000) The cylindrical inclusion gene of turnip
mosaic virus encodes a pathogenic determinant to the Brassica
resistance gene TuRB01. Molecular Plant-Microbe Interactions
13: 1102–1108

Lehmann P, Petrzik K, Jenner C, Greenland A, Spak J, Kozubek E
and Walsh JA (1997) Nucleotide and amino acid variation in
the coat protein coding region of turnip mosaic virus isolates
and possible involvement in the interaction with the brassica
resistance gene TuRB01. Physiological and Molecular Plant
Pathology 51: 195–208

Liu XP, Lu WC, Liu YK, Wei SQ, Xu JB, Liu JB, Liu ZR,
Zhang HJ, Li JL, Ke GL, Yao WY, Cai YS, Wu FY, Cao SC,
Li YH, Xie SD, Lin BX and Zhang CL (1996) Occurrence and
strain differentiation of turnip mosaic potyvirus and sources
of resistance in Chinese cabbage in China. Acta Horticulturae
407: 431–440

Niu X, Leung H and Williams PH (1983) Sources and nature of
resistance to downy mildew and turnip mosaic virus in Chinese
cabbage. Journal of the American Society for Horticultural
Science 108: 775–778

Provvidenti R (1980) Evaluation of Chinese cabbage cultivars
from Japan and the People’s Republic of China for resistance



20

to turnip mosaic virus and cauliflower mosaic virus. Journal of
the American Society for Horticultural Science 105: 571–573

Sánchez F, Martı́nez Herrera D, Aguilar I and Ponz F (1998)
Infectivity of turnip mosaic potyvirus cDNA clones and tran-
scripts on the systemic host Arabidopsis thaliana and local
lesion hosts. Virus Research 55: 207–219

Shattuck VI (1992) The biology, epidemiology and control of
turnip mosaic virus. In: Janick J (ed) Plant Breeding Reviews.
Vol. 14 (pp 199–238) John Wiley and Sons, New York

Shattuck VI and Stobbs LW (1987) Evaluation of rutabaga cul-
tivars for turnip mosaic virus resistance and the inheritance of
resistance. HortScience 22: 935–937

Suh SK, Green SK and Park HG (1995) Genetics of resistance
to five strains of turnip mosaic virus in Chinese cabbage.
Euphytica 81: 71–77

Tomlinson JA (1987) Epidemiology and control of virus diseases
of vegetables. Annals of Applied Biology 110: 661–681

Tomlinson JA and Ward CM (1978) The reactions of swede
(Brassica napus) to infection by turnip mosaic virus. Annals
of Applied Biology 89: 61–69

Walsh JA (1986) Viruses in oilseed rape, a potential threat to
vegetable crops. Aspects of Applied Biology 12: 59–68

Walsh JA (1989) Genetic control of immunity to turnip mosaic
virus in winter oilseed rape (Brassica napus ssp. oleifera) and
the effect of foreign isolates of the virus. Annals of Applied
Biology 115: 89–99

Walsh JA, Sharpe AG, Jenner CE and Lydiate DJ (1999)
Characterisation and mapping of resistance to turnip mosaic
virus in oilseed rape (Brassica napus). Theoretical and Applied
Genetics 99: 1149–1154

Walsh JA and Tomlinson JA (1985) Viruses infecting winter
oilseed rape (Brassica napus ssp. oleifera) Annals of Applied
Biology 107: 485–495


