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Abstract

SPITZER TOMAS, MATUSINSKY PAVEL. 2017. Detecting Pathogens of Verticillium Wilt in Winter
Oilseed Rape Using ELISA and PCR - Comparison of the Two Methods and With Visual Stand
Evaluation. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 65(1): 0205-0210.

During 2013-2015, oilseed rape samples from various locations in the Czech Republic were analysed
for the presence of Verticillium wilt. Samples were evaluated in the lab using ELISA and PCR as well
as by visual evaluation during the samples collection. A comparison of detection match in individual
methods also was made. ELISA and PCR matched in detecting Verticillium wilt in 60 % of cases. For
practical use, a higher match rate would be necessary in cases where samples were to be analysed
in various laboratories using only one of these techniques. The possibility was demonstrated to
use kits as well as primers not targeted specifically to just Verticillium longisporum but recording both
main species on oilseed rape (V. longisporum and V. dahliae). The match rates of lab analyses with visual
evaluation of stand infection were surprisingly high at 62 % for ELISA and 77 % for PCR. All three
stand evaluation methods matched in 56 % of cases.
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INTRODUCTION

Verticillium wilt is a disease responsible for yield
losses in oilseed rape (Brassica napus) in coastal areas
of northern Europe. Along with a rising proportion
of oilseed rape in crop rotations, this disease is
expected to gain in importance also in the Czech
Republic. Besides oilseed rape, Verticillium wilt
attacks a large number of other host species (e.g.
sunflower, potato, cotton, olive).

According to Zhou et al. (2006), Verticillium wilt
of oilseed rape is caused primarily by Verticillium
longisporum and has become a serious problem in
northern Europe. Two main Verticillium species are
detected on oilseed rape: V. longisporum and V. dahliae.
These differ in their interaction with oilseed rape.
V. longisporum favours B. napus as host.

The impact of V. longisporum on single-plant and
whole-plot yield of oilseed rape was previously
studied in field experiments with natural infection

or artificial soil infestation. Levels reached with
artificial soil infestation were 54.3 % and yield losses
of single plants accounted for 20 % to more than
80 %. A previous study indicated significant yield
damage potential of V. longisporum in areas with
infestation density above 60 % (Dunker et al., 2008).

Monitoring during 2006-2008 at 66 locations in
the Czech Republic had demonstrated the presence
of V. longisporum on oilseed rape plants at rates of
12-41% (Spitzer et al., 2008). Bokor et al. (2014)
found that it was one of the two most widely spread
pathogens among winter oilseed rape in Slovakia.

It is not casy reliably to detect V. longisporum on
oilseed rape plants due to the pathogen’s life cycle,
and even mere visual determination of the disease
agent is greatly influenced by the evaluator’s
experience. It would therefore be beneficial
to introduce reliable analytical methods for
determining the pathogen through such tests as
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ELISA or PCR. These methods have already been
used in winter oilseed rape. For example, PCR
was used to determine sources of resistance to
V. longisporum in China (Yu et al., 2015), to determine
and identify individual Verticillium species including
three lineages of the diploid hybrid V. longisporum
(Inderbitzin et al., 2013), and for a similar purpose
but in soil samples (Debode et al., 2011). Fortnagel
and Schlosser (1996) developed an ELISA test to
detect Verticillium species on the basis of antibodies
obtained from chickens. In France, ELISA tests were
evaluated as one of the possibilities for monitoring
oilseed rape seed quality (Wagner et al., 2012). Gao
et al. (2012) developed a method based on indirect
competitive ELISA for quick, reliable, and sensitive
determination of cadmium levels in water, soil, and
oilseed rape plants

Both analytical methods were used to determine
Xanthomonas campestris pv. campestris on winter
oilseed rape in Serbia (Popovic et al., 2014). Pathogen
species was determined from collected infected
plant samples using ELISA and then similarity with
GenBank samples collected from kale, cabbage, and
broccoli was determined using PCR.

The objectives of this study are to compare
the results from analysing winter oilseed rape
samples for presence of the fungal pathogen
V. longisporum using ELISA and PCR, to compare
these with the overall visual stand evaluation in
the field, and to assess these methods’ suitability
for practical determination of the pathogen under
actual growing conditions.

MATERIALS AND METHODS

Plant samples were collected immediately after
harvest from various fields sown with winter oilseed
rape in the Czech Republic during 2013-2015. Each
year, 15 samples of stem remains were collected
from stubble at each location, and a 20 cm section
above the root crown was taken from each (Dunker
et al., 2008). The locations were not identical each
year but differed according to current winter
oilseed rape cultivation in selected agricultural
enterprises. A total of 28 samples were analysed in
2013, 26in 2014, and 22 in 2015 (Fig. 1). Each sample
was ground in a Pulverisette 19 laboratory mill
(Fritsch) on a 1 mm screen and analysed by ELISA.
The biomass pulp was subsequently ground into
a fine powder using a Mixer Mill MM 301 (Retsch)
and then subjected to further DNA isolation before
PCR.

ELISA was carried out using a Microplate
Reader MRX 1II  spectrophotometer  with
a Verticillium Complete Kit 480 (BIOREBA).
A new kit was acquired for each experimental
season. The resulting measured optical densities
of individual samples determined by ELISA were
compared with positive and negative controls and
as appropriate for the individual kits used. Samples
were then classified into three categories: positive
(with optical density approaching the positive
control), negative (with optical density approaching
the negative control), and weakly positive (with
optical density around the central value between
the positive and negative controls). Tab. I presents

L: Optical density values for positive and negative controls and classification according to measured optical density values

2015 2014 2013
positive control 2.965 positive control 2.478 positive control 3.075
negative control 0.148 negative control 0.116 negative control 0.175
Sample Range Sample Range Sample Range
positive 2.156-3.398 positive 1.731-3.420 positive 1.997-3.060
weakly positive 1.294-1.824 weakly positive 1.022-1.550 weakly positive 1.227-1.913
negative 0.335-0.899 negative 0.372-0.793 negative 0.459-0.977

1: Atotal amount of samples analysed in 2013-2015 from different parts of Czech Republic.
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the optical density values of these three stated
categories.

DNA was extracted before PCR using a DNeasy
Plant Mini Kit (Qiagen). To identify Verticillium
wilt in oilseed rape samples published primers
(DB19 5'-CGGTGACATAATACTGAGAG-3,
DB22 5'-GACGATGCGGATTGAACGAA-3',
first used by Carder et al, 1994). PCR conditions
according to Mercado-Blanco et al. (2003) were used
with denaturation at 94 °C for 4 min followed by
30 cycles of 1 min of annealing at 58 °C, extension
for 1 min at 72 °C, denaturation for 1 min at 94 °C,
and final extension step of 6 min. Each reaction
contained, in addition to samples of extracted
oilseed rape DNA, a negative control (water) and
apositive control of purified DNA from V.longisporum
mycelia. Aliquots (10 pl) of amplification products
were electrophoresed through 1.7 % agarose gels
prepared using TAE buffer and dyed with ethidium
bromide. As for the ELISA test, the resulting bands
were classified into three categories according to
band colour and intensity. The results are presented
inTab. L

Additionally, the sample collector’s opinion based
on visual stand evaluation as to the rate of infection
by V. longisporum was recorded. Sample collectors
assessed a stand as being in one of two categories:
healthy or infected.

RESULTS

Tab. II presents the results by individual year of
sample analysis using ELISA and PCR along with
the stand condition evaluation. To assess whether or
not ELISA and PCR analyses matched for individual
samples, a situation was considered to be a good
match when both methods provided an identical
evaluation (positive-positive, negative-negative,
and weakly positive-weakly positive). Weakly
positive—positive evaluations were weak matches.

In 2013

In 2013, of the total 28 samples analysed with
ELISA and PCR, 19 were evaluated as weak or good
matches and 9 were not matched between the two
methods’ evaluations. Within these 9 non-matches,
ELISA evaluated 7 samples as positive and 2 as
negative, while PCR had the reverse. ELISA had
a weak or good match with the visual infection
evaluation in 18 cases and 10 non-matches. PCR
had a weak or good match with the visual infection
evaluation in 21 cases and 7 non-matches. All
three stand evaluation methods had weak or good
matches in 15 cases and 13 non-matches.

In 2014

In 2014, of the total 26 samples analysed with
ELISA and PCR, 21 were evaluated as weak or good
matches and 5 were not matched between the two
methods’ evaluations. Within these 5 non-matches,
ELISA evaluated 5 samples as positive, while PCR
had the reverse. ELISA had a weak or good match

with the visual infection evaluation in 14 cases and
12 non-matches. PCR had a weak or good match
with the visual infection evaluation in 18 cases
and 8 non-matches. All three stand evaluation
methods had weak or good matches in 13 cases and
13 non-matches.

In 2015

In 2015, of the total 22 samples analysed with
ELISA and PCR, 15 were evaluated as weak or good
matches and 7 were not matched between the two
methods’ evaluations. Within these 7 non-matches,
ELISA evaluated 6 samples as positive and 1 as
negative, while PCR had the reverse. ELISA had
a weak or good match with the visual infection
evaluation in 15 cases and 7 non-matches. PCR
had a weak or good match with the visual infection
evaluation in 19 cases and 3 non-matches. All
three stand evaluation methods had weak or good
matches in 14 cases and 6 non-matches.

DISCUSSION

The performed analyses and visual evaluation
of oilseed rape stands yielded some interesting
findings. If the match between the two analytical
methods, ELISA and PCR, is expressed in
percentage terms, they agreed on the presence
or non-presence of V. longisporum in the samples
as a 3-year average in 60 % of cases (2013: 68 % of
test results matching, 2014: 80 %, and 2015: 33 %).
There are no known publications in the available
literature that deal with a comparable detection of
fungal pathogens using ELISA and PCR. In oilseed
rape, these methods are mostly used separately to
detect viruses (Breitenmoser et al., 2011; Yu et al.,
2015), evaluate seed quality (Wagner et al., 2012),
assess phylogenetic relationships within Verticillium
species (Pantou et al. 2005), and determine fungicide
residues in oilseed rape leaves as part of monitoring
fungicide activity and current concentrations in
relation to the timing and effectiveness of treatments
against Leptosphaeria maculans and Pyrenopeziza
brassicae (Coules and Rossall, 2003). The match rate of
60 % between the methods in analysing V. longisporum
is not poor, but for practical use a higher match rate
would be necessary in cases where samples were to
be analysed in various laboratories using only one of
these techniques.

The oilseed rape vascular system is infected by
two closely related pathogenic species: V. dahliae,
localized especially on such lower plant sections as
the roots and basal sections of the stem (Johansson,
20006), and V. longisporum, which occurs in the entire
plant including the leaves. These two fungal species
were previously considered to be one (V. dahliae),
and even currently V. longisporum is frequently
falsely diagnosed as V. dahliae. The two species
can be distinguished morphologically based
conidia shape and size (Karapapa et al., 1997), by
polyphenol oxidase activity, and by molecular
methods (Steventon et al, 2002). Differences at
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the level of DNA can be seen in such examples as
the presence of a large intron in the SSU-rRNA gene
of 839 bp in V.longisporum and its absence in V. dahliae
and V. albo-atrum (Karapapa and Typas, 2001).
Species-specific primers have been developed to
distinguish these two species (Karapapa and Typas,
2001; Steventon et al., 2002) and tested in several
studies (Johansson et al, 2006; Zhou et al. 20006).
Based on our experience, some primers worked
well only with pure fungus mycelium but were not
suitable for use in oilseed rape tissues. The method
published by Mercado-Blanco et al. (2003), originally
used to detect defoliating and non-defoliating
V. dahliae pathotypes in infected olive plants, does
not react with oilseed rape DNA and can detect
V. dahliae DNA. After minor modification, this
method can be applied to diagnose V. dahliae in
oilseed rape. The method does not distinguish
between V.longisporum and V. dahliae.

It is interesting that when the two methods
disagreed on the presence of V. longisporum in
the samples, ELISA had a considerably higher
number of positive results than did PCR. This
occurred in all three monitored years. One reason
for this phenomenon could be the amount of

analysed sample collected from the total amount
ground, which differs substantially between the two
methods. For ELISA, 1 g of the total ground sample
amount is collected for the analysis while for PCR
only 50mg is used for the analysis. In weakly
infected samples, ELISA could therefore have had
an advantage in a higher probability of its detecting
the pathogen than did PCR.

Visual evaluation of stand infection by
V. longisporum is influenced by all of the negatives
associated with subjective evaluation. This
evaluation was requested of sample collectors in
the field so as to determine how this evaluation
differs from analytical lab testing. Averaging
the three monitored years, all three methods of
evaluating V. longisporum infection matched in
56 % of cases. This is a higher percentage than was
expected but is nevertheless not a sufficiently good
rate such that the individual methods could be used
interchangeably. It is interesting that the visual stand
evaluation matched with PCR (matching in 77 % of
cases in the 3-year average) better than it did with
ELISA (62 % in the 3-year average).

CONCLUSION

Comparing analyses for presence of Verticillium wilt in winter oilseed rape using ELISA and PCR
results in a match rate between the two methods of 60 %. For practical use, a higher match rate would
be necessary in cases where samples were to be analysed in various laboratories using just one
of these techniques. The possibility to use kits as well as primers not targeted specifically to only
Verticillium longisporum but recording both main species on oilseed rape (V. longisporum and V. dahliae)
was demonstrated. The match rates of lab analyses with visual evaluation of stand infection were
surprisingly high at 62 % for ELISA and 77 % for PCR. A match among all three stand evaluation
methods was found in 56 % of cases.
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