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Rapid PCR-based assay for Sclerotinia sclerotiorum detection on soybean seeds
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ABSTRACT: Caused by Sclerotinia sclerotiorum, white mold is an important seed-transmitted
disease of soybean (Glycine max). Incubation-based methods available for the detection and
quantification of seed-borne inoculum such as the blotter test, paper roll and Neon-S assay
are time-consuming, laborious, and not always sensitive. In this study, we developed and
evaluated a molecular assay for the detection of S. sclerotiorum in soybean seeds using a
species-specific PCR (polymerase chain reaction) primer set and seed soaking (without DNA
extraction) for up to 72 h. The PCR products were amplified in all the samples infected with the
pathogen, but not in the other samples of plant material or the other seed-borne fungi DNA.
The minimum amount of DNA detected was 10 pg, or one artificially infested seed in a 400-
seed sample (0.25 % fungal incidence) and one naturally infected seed in a 300-seed sample
(0.33 % incidence). The PCR-based assay was rapid (< 9 h), did not require DNA extraction
and was very sensitive.

Keywords: white mold, dissemination, soaking seeds, diagnostic

Introduction

Sclerotinia sclerotiorum (Lib.) de Bary is one of the
most devastating and widespread fungal pathogens, af-
fecting over 400 plant species worldwide. It is well
known as the cause of white mold, a disease of economic
concern to soybean (Glycine max) production that can re-
duce yield by as much as 40 % when weather conditions
are favorable, such as rainy seasons and mild tempera-
tures (Boland and Hall, 1994; Saharan and Mehta, 2008;
Peltier et al., 2012). The fungus produces a resistant
structure (sclerotium) that allows it to survive in the soil
for up to five years (Adams and Ayers, 1979; Steadman,
1983). The pathogen is transmitted by seeds, which are
considered to be the main source of inoculum and an
important dissemination agent (Adams and Ayers, 1979;
Steadman, 1983; Yang et al., 1998).

Seed health tests available for the detection of S.
sclerotiorum in soybean seeds are based on seed incuba-
tion (Carvalho-Vieira and Machado, 2002; Napoledo et
al., 2006; Brasil, 2009), which requires a large space, is
not time-effective, and may lack sensitivity (Blakemore
and Reeves, 2002; Carvalho-Vieira and Machado, 2002;
Jaccoud-Filho et al., 2002; ISTA, 2008; Henneberg et al.,
2011).

Alternatives, such as PCR-based assays, are time-ef-
fective, versatile, and sensitive in identifying low quanti-
ties of DNA and amplifying specific products (Mullis and
Faloona, 1987); they have also been used to detect sev-
eral seed-borne pathogens (Audy et al., 1996; Blakemore
and Reeves, 2002; Jaccoud-Filho et al., 2002; Taylor et al.,
2006; Landa et al., 2007; Kulik, 2008; Jaccoud-Filho and
Dabul, 2011). Due to its high specificity, PCR has been
used to identify races of some fungal species, as shown by
Jiménez-Gasco and Jiménez-Diaz (2003) for some races of
Fusarium oxysporum f. sp. ciceris. However, partial detec-
tion of the pathogen population is undesirable for a spe-

cies-specific detection test, i.e. it detects only some races,
isolates or strains (Carvalho-Vieira and Machado, 2002).
Some protocols for detecting plant pathogens do
not require DNA extraction. Instead, seeds or plant parts
are soaked, and the suspension is used as the source of
the DNA template (Jaccoud-Filho et al., 2002). Such a
technique has never been developed and tested for the
detection of S. sclerotiorum in soybean seeds. Hence, this
study aimed to develop and test a PCR-based method
to detect S. sclerotiorum in both artificially infested and
naturally infected soybean seeds using the seed-soaking
procedure, with regard to specificity, sensitivity and ex-
ecution time as compared with traditional methods.

Materials and Methods

Fungal strains

The following samples and fungi were used: scle-
rotia of 57 S. sclerotiorum isolates collected from infested
soybean fields; pure cultures of Sclerotium rolfsii, Tricho-
derma sp., Aspergillus sp., Penicillium sp., Macrophomina
phaseolina, Colletotrichum sp. and Rhizopus sp.; tegument
of soybean seeds infected by Peronospora manshurica;
and DNA of other fungi commonly found in soybean
seeds (Cercospora sojina, Phomopsis sojae, Aspergillus sp.,
C. kikuchii, Fusarium sp. and Colletotrichum truncatum).

Seed samples

Clean seeds of the CD 206 RR cultivar (Lot 408)
were collected in a soybean field in Lapa (25°46'15" S,
49°43'8" W), in the state of Parana (PR), Brazil. Natural-
ly infected seed samples were collected from a soybean
field in Pinhdo, PR (25°41'44" S, 51°39'35" W), during
the 2010-11 season, which presented a mean of 258 scle-
rotia m2, from an average of four collected points of
0.25 m? of soil each (0.5 m in length and width and 0.05
m in depth), which was sifted using a 10 mesh sieve (2
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mm). In this field, around 1,000 infected BMX Apolo RR
plants were assessed at the R5.5/R6 (full seed) pheno-
logical stage (Fehr and Caviness, 1977). Each plant was
scored for three categories of severity of disease: (i) less
than 10 % (PI-10), (ii) around 50 % (PI-50), and (iii) great-
er than 80 % (PI-80) (Juliatti et al., 2013). During crop
maturation, seeds of plants from each category of sever-
ity were manually collected and stored in paper bags at
20 °C. Both the clean and naturally infected seed samples
were evaluated using three incubation-based seed-health
detection methods (blotter-test, paper roll, and Neon-S)
to detect and quantify fungal incidence (percentage of
infected seeds) at the individual seed level (Machado
and Langerak, 2002; Napoledo et al., 2006; Brasil, 2009).
To obtain the artificially infested seed samples, clean
seeds were placed on five day-old S. sclerotiorum pure
cultures (I-45 isolate) grown in PDA plates. A 400-seed
sample was used, in accordance with international stan-
dards (ISTA, 2008). For the 100 % infestation level, the
seeds were exposed to the fungus at seven inoculation
times: 0, 4, 8, 12, 24, 48, and 72 h. The seeds exposed
to the maximum time were pooled with the clean seeds
in increasing proportions to generate seven infestation
levels: 0.25 %, 1 %, 2.5 %, 5 %, 25 %, 50 % and 75 %.

Seed-soaking

Clean, naturally infected, and artificially infested
seeds were soaked in ultrapure sterilized water at a ratio
of 100 seeds/100 mL of water in hermetic plastic pack-
aging. The packages were stored at 4 °C, and 1 mL of
seed-soaking liquid was collected at 0, 1, 2, 3, 4, 5, 6, 7,
8,12, 24, 48, and 72 h. These aliquots were stored at -20
°C until use (no more than seven days).

DNA extraction

Mycelia were obtained from the sclerotia and pure
culture discs of the fungal strains. The latter were grown
at room temperature in potato dextrose broth (PDB) in
an orbital shaker for approximately five days. The my-
celia were collected by filtration with sterilized germi-
test paper and were then lyophilized. Trifoliate leaves
from soybean seedlings cultivated on sterilized substrate
were cleaned in ultrapure sterilized water. The lyophi-
lized mycelia, plant material, and tegument of soybean
seeds infected with P. manshurica were macerated us-
ing a porcelain mortar and pestle with liquid nitrogen
for DNA extraction. The DNA was extracted using the
CTAB method (Murray and Thompson, 1980), which
was modified so as not to use B-mercaptoethanol and
PVP 40. All the DNA samples were treated with RNAse
A (10 pg mL?Y), diluted in TE buffer (10 mM Tris-Cl, pH
8.0; and 1 mM EDTA, pH 8.0) to 10 ng-pL™" and stored
at -20 °C until use (Sambrook and Russell, 2001). To test
whether the detection of S. sclerotiorum by PCR could be
made without DNA extraction, approximately 0.2 mg of
S. sclerotiorum sclerotia and 0.1 mg of mycelia were col-
lected from a pure culture and heated with 100 uL of TE
buffer at 95 °C for 10 min.

Sci. Agric. v.72, n.1, p.69-74, January/February 2015

PCR protocol optimization

The DNA of the 57 isolates of S. sclerotiorum, the
other fungi, and soybean plants were used to test the
specificity of the SSFWD/SSREV primers targeting S.
sclerotiorum (Freeman et al., 2002). PCR amplification
was performed with ultra-pure water (Sigma, USA) in 50
pL reactions containing: 1.5 U Taq DNA polymerase, 10
mM Tris-HCI, 50 mM KClI, 1.5 mM MgCl,, 0.005 % gela-
tin, 0.2 mM dNTP, stabilizers, 0.2 pM of each primer,
and the tested sample [10 ng of genomic DNA (fungal
or soybean)], or 2 pL of seed-soaking liquid, or 2 pL of
mycelium/sclerotia boiled suspensions, or 10-fold serial
dilution of S. sclerotiorum DNA [100 ng to 1 fg (isolate
I-45)]. Clean, naturally infected and artificially infested
samples were used. The PCR conditions were: an initial
step at 95 °C for 10 min; 30 cycles at 94 °C for 30 s; at 52
°C for 1 min and at 72 °C for 1 min; and a final extension
at 72 °C for 10 min. The ITS4/ITS5 primer pair directed
to the rDNA (White et al., 1990) was used to evaluate
the amplification quality of the fungi and soybean DNA.
Each PCR amplification was performed as previously de-
scribed, using 10 ng of DNA as a sample. The reaction
conditions were: an initial step at 95 °C for 10 min; 30
cycles at 94 °C for 30 s; at 42 °C for 2 min and at 72 °C
for 2 min; and a final cycle at 72 °C for 10 min (White et
al., 1990). To analyze the PCR amplification, 2 pL of the
PCR reaction were mixed with 6 pL of the loading buffer
[0.25 % bromophenol, 30 % glycerol in distilled H,O, flu-
orescent nucleic acid dye GelRed 15X] and were loaded
onto 1 % agarose gels in 1X TBE buffer (Sambrook and
Russell, 2001). The I-45 isolate DNA was used as a posi-
tive control and a reaction containing no template DNA
was used as a negative control.

Results and Discussion

Using the SSFWD/SSREV primer set, a specific 278
bp product was amplified only for the DNA of the S.
sclerotiorum isolates and not for the other fungi in which
the DNA was of good quality, based on ITS amplification
(data not shown). This corroborated previous findings
(Freeman et al., 2002) and demonstrated the specificity
of the PCR-based method, an important requirement for
specific detection (Machado and Langerak, 2002). The
same product size was amplified when mycelia suspen-
sion and sclerotia were assayed (no DNA extraction)
(Figure 1).

For the artificially infested seeds, the DNA was
amplified for the aliquots that were taken during the first
12 h of soaking. For incubation times longer than this
the amplification was weak or absent (Figure 2), which
may have been due to inhibition of the reaction by com-
pounds released from the seeds (Mullis and Faloona,
1987). Potential inhibitors include lipids and cellulose,
which have been associated with false, negative PCR re-
sults (Rossen et al., 1992; Schrader et al., 2012).

DNA inhibition was highest for the seed sample
with the highest infestation level (Figure 2A), which had



Grabicoski et al.

71

Detection of S. sclerotiorum on soybean seeds

3. Positive control (10 ng)

2. Negative control

4. Mycelium suspension
5. Mycelium suspension
6. Selerotia suspension
7. Selerotia suspension
8. 100 bp marker

3
o
3
=
©
£
o
o
o
=]
x
L

500 bp —>
300 bp

278 bp =3
100 bp —>

Figure 1 — PCR (polymerase chain reaction) amplification of a 278-bp
fragment of DNA directly from mycelia and sclerotia suspensions
of S. sclerotiorum without DNA extraction. Lanes 1 and 8: DNA
size marker (100-bp ladder); Lane 2: negative control (no DNA
or other S. sclerotiorum structures); Lane 3: positive control
(S. sclerotiorum); Lanes 4 and 5: suspension of S. sclerotiorum
mycelia; Lanes 6 and 7: suspension of S. sclerotiorum sclerotia.
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4. Positive control (10 ng)
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the highest inoculum potential, for the longest soaking
period, with probably the highest concentration of com-
pounds released by the seeds. This kind of inhibition in
PCR reaction is in accordance with reports by Opel et
al. (2009) and agrees with other studies (Williams et al.,
2001; Freeman et al., 2002).

The strength of the signal of the PCR product de-
creased when the infestation level decreased and the
soaking time increased (Figures 2 and 3). For the mini-
mum infestation level (0.25 % or 1 in 400 seeds), the
pathogen was detected between 2 and 12 hours of soak-
ing time, but especially between 3 and 7 h. The interfer-
ence by inhibitor compounds was apparent for the other
soaking times (Figure 3G).

For the seeds taken from fields with 80 % (PI-
80), 50 % (PI-50) and 10 % (PI-10) severity of mold,
the mean fungal incidence averaged 14.3 %, 0.33 %,
and 0.83 %, respectively, across the three incubation-
based methods (Table 1). PCR products were amplified
for seeds from PI-80 and PI-50, but not for PI-10. In
these seed samples, no amplification was found for the
longest soaking time (72 h) for the PI-80 sample, but
it was found between 1 and 12 h for the PI-50 sample
(Table 1).

Seed Soaking Time

19. 100 bp marker

10. 4 hours
11. 5 hours
12. 6 hours
13. 7 hours
14. 8 hours
15. 12 hours
[16. 24 hours
17. 48 hours
18. 72 hours

Figure 2 — PCR (polymerase chain reaction) amplification of a 278-bp fragment of DNA directly from seed-soak liquid collected from a seed
sample 100 % artificially contaminated by pure culture of S. sclerotiorum in PDA dishes for different inoculation times: 72 h (A), 48 h (B), 24 h
(C), 12h (D), 8 h(E), 4 h(F), and O h (G). Lanes 1 and 19: DNA size marker (100-bp ladder); Lane 2: negative control (water); Lanes 3, 4, and
5: positive control (50, 10 and 5 ng of DNA from S. Sclerotiorum, respectively); Lanes 6 to 18: aliquots from seed-soak liquid collected from

different seed-soak times (0 to 72 h).
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Difficulties associated with PCR inhibitors when
using seed-soaking liquid have been reported and they
require a DNA extraction step prior to PCR (Audy et
al., 1996; Kulik, 2008). Examples of assays that re-
quired a DNA extraction step include a real-time PCR
assay to detect S. sclerotiorum on oilseed rape (Brassica
napus L.) petals (Yin et al., 2009) and a qPCR assay to
detect airborne S. sclerotiorum ascospores (Rogers et al.,
2009). Conversely, our seed-soaking based PCR assay (2
to 8 h of soaking) did not require fungal DNA extrac-
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3. Positive control (50 ng)
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>
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tion prior to analysis which made it possible to detect
the fungus in seed samples with very low incidence
levels (< 0.5 %), both from artificial and natural infes-
tation. Such a short soaking time is an advantage for a
seed-health test (Carvalho- Vieira and Machado, 2002).
Besides the presence of inhibitory compounds, the very
low amount of fungal DNA may limit the detection of
the pathogen (Mullis and Faloona, 1987). In our test, a
minimum of 10 pg of DNA was required to detect the
pathogen (Figure 4).

Seed Soaking Time

15. 12 hours
17. 48 hours
19. 100 bp marker

12. 6 hours
16. 24 hours

N18. 72 hours

Figure 3 — PCR (polymerase chain reaction) amplification of a 278-bp fragment of DNA directly from seed-soak liquid collected from a seed
sample 75 % (A), 50 % (B), 25 % (C), 5 % (D), 2,5 % (E), 1 % (F), and 0.25 % (G) artificially contaminated by pure culture of S. sclerotiorum
in PDA dishes for 72 hours. Lanes 1 and 19: DNA size marker (100-bp ladder); Lane 2: negative control (water); Lanes 3, 4, and 5: positive
control (50, 10, and 5 ng of DNA from S. Sclerotiorum, respectively); Lanes 6 to 18: aliquots from seed-soak liquid collected from different
seed-soak times (0 to 72 h).

Table 1 - S. sclerotiorum incidence on the soybean seeds collected from naturally infected plants by the fungus in different disease severities
(80, 50 and 10 %).

Sample Contaminated seeds on 400 analyzed seeds TCI*_*(%) See d-:f)::kti):;icirrss(aours)

Blotter Test  Paper Roll Neon-S 0 1 2 3 4 5 6 7 8 12 24 48 72
Pl - 80 % 45 112 15 14.33 + o+ o+ o+ o+ o+ o+ o+ o+ + + + -
Pl - 50 % 0 1 3 0.33 - + o+ 4+ o+ o+ o+ o+ o+ +
PI-10% 0 10 0 0.83 - - -

*(- No amplicon observed; (+) Amplicon detected; **TCL: Total contamination level: Average of the 1,200 seeds tested, i.e., 400 by Blotter test, 400 by
Papel Roll and 400 by Neon-S.
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Figure 4 — PCR (polymerase chain reaction) amplification of a
278bp fragment of DNA of S. sclerotiorum from different DNA
concentration solutions. Lane 1: DNA size marker (100-bp ladder);
Lane 2: negative control (no DNA); Lanes 3 and 4: 100 ng of DNA,
Lanes 5 and 6: 10 ng of DNA; Lanes 7 and 8: 1 ng of DNA; Lanes
9 and 10: 100 pg of DNA; Lanes 11 and 12: 10 pg of DNA; Lanes
13 and 14: 1 pg of DNA; Lanes 15 and 16: 100 fg of DNA; Lanes
17 and 18: 10 fg of DNA, and Lanes 19 and 20: 1 fg of DNA.

The present seed-soaking based PCR assay had two
major advantages. First, it was highly specific because no
other fungi were falsely detected, thus avoiding problems
associated with misidentification due to contamination
with saprophytic fungi (Freeman et al., 2002; McGee,
2002). Second, the total assay time was significantly re-
duced (around 9 h), compared to incubation-based meth-
ods that range from 8 (Neon-S) to 15 days (blotter and pa-
per roll test) (Machado and Langerak, 2002; Taylor et al.,
2006; ISTA, 2008). The use of time-effective and accurate
methods is critical, especially for pathogens with a high
potential for dispersal (Adams and Ayers, 1979; Stead-
man, 1983; Taylor et al., 2006; Henneberg et al., 2011).
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