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saprophytic microorganisms during these
enrichment steps. Thus, the polymerase
chain reaction (PCR) techniques are
easier, and the sensitivty is higher than
that of - immunodetection techniques
(detection limit 10° cfu mL”; at an
acceptable level > 80%-90%). The most
widespread PCR methods for detecting
Cims use primers and protocols based on
Pastrik (2000) and Mills et al. (1997).
‘TagMan PCR (Batch et al., 2003; Schaad
etal., 1999), BIO-PCR (Cho ct al. 2015
Schaad et al., 1999) and the AmpliDet
RNA assay (Van Beckhoven et al 2002)
were also used. Some primers developed
for a classical PCR format have been
successfully applied in a real-time format
(Smith et al., 2008; Bach et al, 2003;
Beckhoven et al, 2002; Schaad et al.
1999). Positive results obiained by any
‘method must be confirmed by a positive
biological test on aubergines and the
subsequent re-isolation of the pathogen
(Bulletin OEPP/EPPO Bulletin, 2011).

“The detecton limit for most Cms siains
in biological tests with a  high
reproducibility is 10-10° cfu ml

(Brown et al, 2002), while at a
concentration of 10° fu mL" aubergines
are usually symptomless (Pankova &
Knejzar, 2015). The objective of this
Study was 1o improve an inspection
procedure that would eliminate the risk
of latent infections oceurring in breeding.
and propagation potato materals due to
insuficient controls. In this study, to
maintain  Cms-free potato  genetic
resources, 3 three-stage  process of
checking breeding and _propagation
inputs was designed to meet the labour
and financiallimits of small breeders. For
his study atficially infected tubers were
grown, mixed with the same number of
“healthy” seed tubers, and then 10

randomly selected tubers were assessed
for the presence of the pathogen in their
different vegelative stages within one
growing season. The detection of Crme
was based on a double-antibody
sandwich (DAS) ELISA and SYBR
Green real-time PCR assays, including
melting point analysis using PSA IR
(Pastrik,  2000) and  Celd  FR
(Gudmestad et al., 2009) primer sets and
biological fests on aubergines.

Materials and methods

Bacterlal  stralns  and_ culture
conditions:  Cin sirains  NCPPB 3467
(Collection of Plant Pathogenic Bacteria,
United _ Kingdom) and CPPB 97
(Collection of Plant Pathogenic Bacteria,
Czech Republic) were cultured _on
medium C (1 L distlled water, 5 g
peptone, 3 g casein hydrolysate, 3 g yeast
extract, 2 g maltose, | g lactose, 18 g
‘agar) and incubated at 22°C for 5 d. For
tuber inoculation, a 11 mixture of the
collection sirains was propared in a
blender using picces of nutrient medium
C with actively growing Cms colonies
and sterile water, and the concentration
was set on 10° cfu mL', which
corresponded to an optical density (OD)
of 0.1 at 560 nm.

Inoculations  and  sample

: Ten Cms-free poato tubers
(Solamum ruberosum L) from 16 potato
cultivars (pre-basic seed class) and 11
new materials at different _brecding
stages (Table 1) were incubated 1-3
weeks in the dark at 20°C prior to
inoculation. Approximately 2 or 3 cm tall
“eyes” were trimmed back to half their
lengths  with  sterile scissors  and
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‘mildew infections in natural conditions.
‘The previous reports on association of .
quisqualis with powdery mildew  of
grapes (Legler et al., 2015; Caffi et al,
2012; Falk et al, 1995); apple (Vaidya &
‘Thakur, 2005); crops, weeds, medicinal
plants (Belsare et al., 1980; Kiss, 1998)
and Xanthium strumarium (Gavtam &
Avasthi, 2016) revealed its wide host
range and potential as bioconirol agent
(Daoust & Hofstein, 1996). Genetic
diversity of Ampelomyces mycoparasites
isolated from different powdery mildew
Species was studied by Liang o al.
(2007). Ampelomyces quisqualis bas been
found to produce certain enzymes which
dissolve the host cell wall and penetrate
and inactivate the host defense
‘mechanism. Reporls are available which
show that the mycoparasitsm is not only.
restricted to powdery mildew: it can also
parasitize Botytis _cinerea, Alternaria
solani, and
Cladosporium _cucumerimm (Jarvis &
Slingsby, 1977). To the best of our
knowledge, this is the first report of
mycoparasitism  of  Ampelomyces
quisquali on powdery mildew  of
Euphorbia hirta in India.

Colletotrichum —coccodes
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Discussion

Due to the persisting difficulties in
‘maintaining zero tolerance for the causal
agent of polato ring rol, attention was
focused on vertical discase transmission.
“This has led to an effort o set or improve
the control of initial breeding materials
A three-stage control process for potato
materials was suggested and_designed,
taking intoconsideration the time,
personnel and financial limitations of
small breeding and propagation stations.
Breoders are well acquainted  with
differences among potato  cultivars,
therefore, they are qualified to visually
assess potato tubers. According to the
percentage of potential Cms positives
obtained by the visual assessment, in
‘comparison with the results of the second
stage analysis, reviewers tended 1o
overestimate the presence of discoloured
vessels in tubers. The detection rate of
the visual assessments was also enhanced
afler one month incubation at a
temperature that  supported pathogen
‘multiplication. The ~Spearman’s rank.
coefficient for annual resuls indicated
that individual potato cultivars responded
differently to the artificial inoculation.
The percentage of positives in the first
stage was the highest within the three
stage process, but an average of at least
20% of tubers of individual potato
‘materials (Table 3) could be excluded
during the first stage. In the second
control stage of the presented trals,
significant _ differences were  shown
between detection rates in potato plants
‘and tubers (15% and 13 8%, respectively)
in the greenhouse, in which they were
grown under the optimal conditions for

the growth and multiplication of Cime
colonies, and rates in netting house (5.2
% and 7%, respectively) under nearly
field conditions (Table 3). The planting
of both parts of the mother tubers under
Cms optimal conditions in the
greenhouse should be more valuable for
revealing the prosence of the pathogen.
However, the second stage of control
was designed to use the equipment and
Space available at most breeding farms.
Breoders  usually  have limited
greenhouse space without the capability
to continuously regulate the temperature
‘and humidity, so the chance 1o increase
the Cme concentrations sbove the
detection methods thresholds is limited.
The possibility of enhancing the
determination rate was established by
growing two parts of the mother tubers
under different _conditions, _sampling
blossoming  plants and  incubating
danghter tubers at temperatures suitable
to Cms growth (Pankova & Krejzar,
2015; Krejzar et al.. 2007). The greatest
differences between the detection rates in
plants and daughter tuber extracts, and
between greenhouses and netting houses,
were observed for potato  broeding
materials (Figure 3). These expected
divergences were caused by the diversity
of the new breeding materials (size and
‘number of stems, number of tubers, etc.).

Ths, within these  materials the
importance of muliple testing increased.
Moderate _correlations _ between  the

resuls in 2014 and 2015 for individual
cultivars at the second stage showed. as
in the first stage that individual potato
cultivars responded differently 1o the
artificial inoculations. After the second
stage, 14%-28% of individual potato
‘materials in plants or daughter tubers
(Table 3) could be excluded. The
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Spearman’s rank coefficient p = 0.2 (p =
0.05) indicated moderate _interactions.
between the first and the second stage
cvaluations  of individual  potato
materials, so visual assessments of the
vascular vessels were valuable and an
overestimation in visual  assessment
correlated with the determination rate in
the second stage. These results indicated
that most of the Cms positive tubers
should be discarded already during the
first stage of the control process. For
breeders, the main determination method
in the second stage of control, the DAS
ELISA test, has some limitations (Lee et
al, 2001), but its simplicity and
reasonable cost allows it to be used in the
large-scale indexing of commercial seed
potatoes, as well as in the estimation of
breeding materials almost everywhere. In
this study. the DAS ELISA kit was tested
with 100% success for the antibody
specificity against local ~saprophytic
bacteria isolated from potato plants and
tubers. None of these bacterial strains
reacted with antibodies even at  high
concentrations, such as 10° cfu mL"
(Table 2). The negative results and those
near the DAS ELISA threshold level (10°
cfu mL") should be confirmed using a
PCR-based method in an  approved
laboratory. Real-time PCR with two
different” primer  sets, _plasmid-based
CeldFIR and_genomic PSAIR, were
used to avoid false negative reactions duc
to excision of the plasmid, and a melting
point analysis was used o exclude
nonspecific amplifications. In this study,
using a non-specific SYBR Green dye,
o cross-reacting saprophyticbacteria
were revealed (Beckhoven et al., 2002).
At the detection limit for real-time PCR.
methods, 10cfu mL" s should be
detected in important  parts  of

symptomless potatoes tubers and plants,
and can be confirmed with cerlinty
using the bioassay. Nevertheless, in our
trals a few real-time PCR threshold
positive and aubergine negafive samples
were found (< 1% of all of the samples).
‘Within the third stage of the inspection,
among the 23 clones of individual
potato cultivars and breeding materials,
no positives were revaaled in 2014 and
2015. As in the sccond stage, several
Samples measured in the real-time PCR
analysis using PSALR primer set
reached the ¢, and t, detection threshold
levels but were not confirmed by a
positive bioassay. Thus, in this study, all
of the Cms positive samples must be
revealed in the first and second control
stages of the control process. A number
of factors are associated with the lack of
discase symptoms in potato plants and
tubers, including the potato culivar, Cms
strain virulence and  environmental
conditions (Bishop & Slack, 1987
Manzer et al., 1987; Nelson & Kozub,
1983; Nelson, 1980). In this study, the
ability to detect all of the Cs atificially
inoculated tubers of potato cultivars and
brecding materials during the three-stage
control process was evaluated. This
control process was designed for small
breeders, which have limited funds,
personnel and _fucilities, 1o evaluate
limited lots of initial and new breeding
polato. materials within one growing
scason and simultancously knowledge on
how to reveal quarantined_pathogens
were used (Schuld et al. 1992; Slack,
1987). All of the positive samples were
successfully revealed. Thus, the throe-
stage control process can be valuable and
helpful to breeders in the cffort to
‘maintain a zero tolerance for the causal
agent of bacterial ring rot.

&
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Three-stage control process: In 2013
2014, 16 potato cultivars, and in 2014—
2015. 16 potato cultivars and |1 breeding
‘materials were_evaluated using a three-
stage process (Table 1). In the first stage,
the presence of Cims in vascular vessels
‘of mother tubers was evaluated by visual
assessment, ~ producing _the highest
number of positives within the three-
stage evaluation of potato materials

(Figures 2 and 3). In 2014, 32.2% of
tubers in each potato cultivar appeared
positive, while in 2015, 20% of cach
cultivar, and 25.5% of the brecding
materials, appeared  positive. _The
Spearman’s rank coeflicient p = 030 (p
= 0.05) indicated moderate interactions
between the annual results of the
individual cultivars within the first stage
of the control process.

Fiure 2 Comparison o the perceige
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In the second control stage. the presence
of Cms in vascular vessels of potato
plants grown from mother and daughter
fubers  was  cvaluated using three.
‘methods. The samples were determined
to be positive when they had an
absorbance value Ausqm > 0.4 in the DAS.
ELISA assay or the real-time PCR assays
with the PSA I/R primer set had a ¢, < 25
‘and a main peak at the t, = 85.5 £ 0.1°C,
the Cel F/R primer set had a ¢, < 30 and
1= 86.5 % 0.1°C. The positive result was
confirmed by the development of wilting

symptoms on aubergine planis within 6
weeks afler inoculation and the re-
isolation of Cms. In 2014, the highest
percentage of Cms positive samples per
cultivar was 12.5% of daughter tubers
harvested from the greerhouse, followed
by 121% of plants grown in the
greenhouse, 119% of daughter  tubers
harvested from the netting house and
1.9% of the plans grown in the netting
house (Figure 2). In 2015, the detection
rates in the second control stage were, in
decreasing order, 12.7% in the daughter
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water, pH = 7.4) and incubated on an
orbital  shaker overnight at room
temperature. Plant extracts were analysed
using DAS ELISA fests and SYBR
Green real-time PCR assays, including
‘melting point analyses. Afle senescence,
danghier tubers from cach half of the
mother fuber were harvested. Afier 4
weeks of incubation at 22°C, fubers were
cut in two pieces, and the vascular ring
vessels at the stem ends of five tubers
were removed and macerated in 1.5 mL
of sample buffer. Then, they were
processed and analysed in the same
manner as the potato planis. After
incubation, 10 pL. samples from tuber
tissues were sireaked on C medium to
test for the presence of s using DAS
ELISA and real-time PCR assays. In the
third stage of the control process, several
lateral sprouing “eyes” of daughter tuber
samples that had tested negative for the
presence of s in the first and second
Stages were used for the establishment of
in vitro tissue cultures (George & Klerk,
2008; Chawla, 2002). The most vital 2-3
clones from the i vitro cultures of each
danghter tuber sample were stored.
Micro-plants from nuclear stocks were
‘muliplied and inspected 2 months later.
Altogether, 40 in vitro plants from each
clone were transfrred at 10 em lengths
to the soil substrate (Raselina Inc.,
Sobéslav, Czech Republic). Four plants
per pot (10-cm in diameter) were planted
in a quarantined greenhouse at 20°C to
22°C. Four weeks later, the plans from
ach pot were cut, washed under running
tap water and surface-disinfected with
75% ethyl alcohol. Approximately | g of
defoliated stems were macerated in 1.5
mL of sample buffer, treated and
analysed as the potato plant extracts
described abare.

DAS ELISA test: To determine the
sensiivity of polyclonal  antibodies,
Seral 10-fld. dilutions of s strain
'NCPPB 3467 and CPPB 97 from 10° cfu
mL" (ODsone = 0.1) to 10" cfu mL" in
sample buffer were prepared. For the
specificity evaluation, diferent types of
saprophytc  bacteial  colonies  were
isolated from 10 L. samples of potato
plants and tuber extracts streaked on
‘medium C plates and incubated for 24
days at 20°C. Bacterial strains were
identified using Biolog GEN Il (Biolog
nc., Hayward, CA, USA) and the Gas
Chromatography-Analysis of Fatty Acid
Methyl Esters (GC-FAME) method
(MIDI, Microbia ID, Inc., Newark, DE,
USA) with a Sim Index > 0.5 (Table 2)
The  concentrations of  bacteral
suspensions were set at ODsiges = 0.1,
and 1:1 dilutions in sample buffer were
prepared and processed in the same way
a5 plant ewracts and contrls
Suspensions of 10° cfu mL! and 1:]
iluions of Cms collction strains in
Sample buffer were used as positive
controls. The sample buffe and extracts
from healthy potto planis or  tuber
tissues were used as neglive contols
AN ofthetestd plans and tuber extrcts
were used both in 3 concentrated form
and dilued 131 in sample buffer. All of

the samples and controls were
reproduced in  duplicate _in  one
procedure. The DAS ELISA was

performed in a 200-pL reaction in Nunc-
Immuno™ MicroWell™ 96-well solid
microplates (Nunc_Systems Pyt Lid,
Hyderabad, India). The assay, setting of
the threshold level and the final
evaluation of absorbance values using
Spectrophotometer at 405 nm (Ausen).
were carried out using polyclonal
antibodies  according o the

2
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Three-stage control process: In 2013
2014, 16 potato cultivars, and in 2014—
2015. 16 potato cultivars and |1 breeding
‘materials were_evaluated using a three-
stage process (Table 1). In the first stage,
the presence of Cims in vascular vessels
‘of mother tubers was evaluated by visual
assessment, ~ producing _the highest
number of positives within the three-
stage evaluation of potato materials

(Figures 2 and 3). In 2014, 32.2% of
tubers in each potato cultivar appeared
positive, while in 2015, 20% of cach
cultivar, and 25.5% of the brecding
materials, appeared  positive. _The
Spearman’s rank coeflicient p = 030 (p
= 0.05) indicated moderate interactions
between the annual results of the
individual cultivars within the first stage
of the control process.
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In the second control stage. the presence
of Cms in vascular vessels of potato
plants grown from mother and daughter
fubers  was  cvaluated using three.
‘methods. The samples were determined
to be positive when they had an
absorbance value Ausqm > 0.4 in the DAS.
ELISA assay or the real-time PCR assays
with the PSA I/R primer set had a ¢, < 25
‘and a main peak at the t, = 85.5 £ 0.1°C,
the Cel F/R primer set had a ¢, < 30 and
1= 86.5 % 0.1°C. The positive result was
confirmed by the development of wilting

symptoms on aubergine planis within 6
weeks afler inoculation and the re-
isolation of Cms. In 2014, the highest
percentage of Cms positive samples per
cultivar was 12.5% of daughter tubers
harvested from the greerhouse, followed
by 121% of plants grown in the
greenhouse, 119% of daughter  tubers
harvested from the netting house and
1.9% of the plans grown in the netting
house (Figure 2). In 2015, the detection
rates in the second control stage were, in
decreasing order, 12.7% in the daughter
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immersed in_ suspensions of individual
Coms strains. The tubers were allowed to
rest for 30 min to stabilise the Cims
(Slack et al., 1996) and then were sown
in 20-cm diameter pots filled with a mix
(1:1) of field soil and special vegetable
substrate (Raselina Inc., Sobéslav, Czech

Republic). These pots were placed in a
greenhouse at 20°C to 22°C during the
growing period and watered daily until
they withered. Daughter tubers were
harvested after 10-12 wacks and mixed
with the same number of “healthy” seed
tubers from the same cultivr.

Do o g o H

Migta M i o1 H

o w o3 =

Rt w 3 K03 5
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Threestage control _process: The  sown and planted in the grecnbouse in
experiment was camied out in a the same mamner as described sbove

randomised block  design with 10
randomly sclected same-sized tubers of
each potato material. In the first stage of
the control process, selected tubers from
each of the potato cultivars and breeding
‘materials were stored for 4 weeks at 22°C
i the dark. Then, the fubers were washed
under running tap  water, ~surface-
disinfcted with 75% cthyl alcohol and
cutin two equal parts containing the stem
and apical bud ends. The colour and
appearance of xylem vssels were
cvaluated. In the second stage of the
control process, a half of each tuber was.

Each pot was on its own deep plate to
avoidcross-contamination. The other
balf of cach tuber was planted in a
netting house trial. The tubers were
planted 50 cm apart with individual
cultivars on rows 30 cm apart. Potato
planis were watered regularly. Samples
of I g of vascular bundles were taken
independently from the base, middle and
top parts of the main stem of cach
blooming plant. Each sample was
‘macerated in 1.5 mL of sample buffer
(20 g polyvinylpyrrolidone K10-K40, 2 ¢
bovine serum  albumin, 1 L distilled

s
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troduction

Bacterial ring rot, caused by the gram-
posifive  bacterium  Clavibacter
michiganensis  subsp. _ sepedonicus
(Spicckermann & Kotthof?, 1914) Davis
et al. 1984 (Cims), is included in the list
of quarantined harmful organisms that
require special measures to cither restrict
or prevent is introduction and spread in
potato-production  regions (Act  no.
2452011 Coll; Decree 3822011 Coll).
‘A zero-tolerance policy for the discase
was implemented by the European and
Mediterranean~ Plant Protection
Organization (EPPO;  Bulletin
OEPP/EPPO Buletin, 2011) (Gutbrod.
1987). During the first years afler
introducing the eradication program, a
Significant reduction in the incidence of
the causal agent of bacterial ring rot was
recorded (Kudela, 2007), but despite the
high cost of testing seed tubers, the
pathogen was not eradicated in central
Europe. The attention of legislators and
rescarchers  was  still focused on
minimizing the possible  horizontal
spread of Cms through  technological
‘measures and sanitation. In the temperate.
climatic zone of central Europe, Cms
does not cause serious crop losses or
Significant symploms on potato plants or
tubers (ACP, 2003; Bishop & Slack,
1987).  Infections in potato are
symplomless because of the low.
population rates and can persist in
cerified sced stocks for many years
without _positive_test results (Nelson,
1982). Positive findings occurred most
often in the lowest levels of commercial
seed potatoes, E, A and B. Even seed lots
that were evaluated as healthy prior to
harvesting were positive when sampled a
few months later afler shipping (personal

communication). The combination of
Seversl years of  prolferstion  and
Subsequent unsuiable conditions during
the ransport and storage o seed tubers
can lad fothe pathogen's multplication,
‘which s below th threshold limits of
the main scrsening methods prior the
harvesting. Attenion should be focused
on the vertcal spread of the pathogen.
Iniia brecding materials that are from
diffrent sources are sl ot being
checked properly or at all before the
breeding process. Even new breeding
materials have only been checked
randomly. The frst egular nspection of
breeding material is made before ther
ranste to tisue cultures. This one-time
determintion of the pathogen sppers to
be imsuffcien. Breeding farms are
Stusted in the highlands (400-600 m
Sbove the sea). where it is ot warm
enough (average temperature during the
growing season 10-13°C) for Cms to
mulply over the threshold level of the
Scrcening methods. Cins deection can be
performed using - immunochemical
techniques. immunofluorsscence. assays
(Roozen & Van Vurde, 1991; De Boer &
Copeman,  1980). _ensyme-inked
immanosorbent assays (ELISA: De Boer
etaL, 1988) or fluorescent in stu DNA
hybridizaton (Li et al.. 1997). All o the
methods have similar detecton limits of
1010 colony forming unis (cu) mL".
atan acceptabl level = 30%. In an effor
o increase the sensitivity of these
‘methods to approximately 10° cfu mL"
s, extraction buffers  containing
Iysoryme. Cns semi-selectve. mtrient
media for incubation, and magnetic
beads for trpping Cms antigens
(Pousscrs et al. 2002) were used. The
Slow-growing pathogenis  often
overgrown by other rapidly growing
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Spearman’s rank coefficient p = 0.2 (p =
0.05) indicated moderate _interactions.
between the first and the second stage
cvaluations  of individual  potato
materials, so visual assessments of the
vascular vessels were valuable and an
overestimation in visual  assessment
correlated with the determination rate in
the second stage. These results indicated
that most of the Cms positive tubers
should be discarded already during the
first stage of the control process. For
breeders, the main determination method
in the second stage of control, the DAS
ELISA test, has some limitations (Lee et
al, 2001), but its simplicity and
reasonable cost allows it to be used in the
large-scale indexing of commercial seed
potatoes, as well as in the estimation of
breeding materials almost everywhere. In
this study. the DAS ELISA kit was tested
with 100% success for the antibody
specificity against local ~saprophytic
bacteria isolated from potato plants and
tubers. None of these bacerial strains
reacted with antibodies even at  high
concentrations, such as 10° cfu mL"
(Table 2). The negative results and those
near the DAS ELISA threshold level (10°
cfu mL") should be confirmed using a
PCR-based method in an  approved
laboratory. Real-time PCR with two
different primer  sets, _plasmid-based
CeldFIR and_genomic PSAIR, were
used to avoid false negative reactions duc
to excision of the plasmid, and a melting
point analysis was used o exclude
‘nonspecific amplifications. In this study,
using a non-specific SYBR Green dye,
o cross-reacting saprophytic bacteria
were revealed (Beckhoven et al., 2002).
At the detection limit for real-time PCR.
methods, 10cfu mL" s should be
detected in important  parts  of

symptomless potatoes tubers and plants,
and can be confirmed with cerlinty
using the bioassay. Nevertheless, in our
trals a few real-time PCR threshold
positive and aubergine negafive samples
were found (< 1% of all of the samples).
‘Within the third stage of the inspection,
among the 23 clones of individual
potato cultivars and breeding materials,
no positives were revaaled in 2014 and
2015. As in the sccond stage, several
Samples measured in the real-time PCR
analysis using PSALR primer set
reached the ¢, and t, detection threshold
levels but were not confirmed by a
positive bioassay. Thus, in this study, all
of the Cms positive samples must be
revealed in the first and second control
stages of the control process. A number
of factors are associated with the lack of
discase symptoms in potato plants and
tubers, including the potato culivar, Cms
strain virulence and  environmental
conditions (Bishop & Slack, 1987
Manzer et al., 1987; Nelson & Kozub,
1983; Nelson, 1950). In this study, the
ability to detect all of the Cms atificially
inoculated tubers of pofato cultivars and
brecding materials during the three-stage
control process was evaluated. This
control process was designed for small
breeders, which have limited funds,
personnel and _fucilties, 1o evaluate
limited lots of initial and new breeding
polato materials within one growing
scason and simultancously knowledge on
how to reveal quarantined_pathogens
were used (Schuld et al. 1992; Slack,
1987). All of the positive samples were
successfully revealed. Thus, the throe-
stage control process can be valuable and
helpful to breeders in the cffort to
‘maintain a zero tolerance for the causal
agent of bacterial ring rot.
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tubers of cach cultivar harvested from the
greenhouse, 118% of potato plants
grown in the greenhouse, 6.0% in plans
grown in the netting house and 4.0% in
danghter tubers harvested from  the
netting house (Figure 2). For breeding
‘materials, Cms was found in 21.2% of
reenhouse plants, 16.2% of greenhouse
tubers, 7.7% of netting house plants and
5.1% of natting house tubers (Figure 3).
In 2015, the order of the infected potato
cultivars and breeding materials differed
slightly, but in total the Cms positive
percentages were much higher in the new.
brocding materials. The highest positive
detection rate of 21.2 % per cultivar was
detected in plant extracts of broeding

‘materials grown in the greenhouse. The
Spearman’s rank coefficient p = 0.32 (p
= 005), indicating that moderate
interactions  among the _individual
cultivars” anmual results at the second
control stage (Figure 2). Generally, over
the two years, no significant symptoms
of wilting on potato plans were observed
in the greenhouse and netting house
More Cms positive samples were
detected in the greenhouse: 15% per
polato material for plant_extracts and
13.8% for tuber extracts. In the netting
house the average positive detection rate
over the two years reached 5.2% for
plants per potato material and 7.0% for
tubers per potato material (Table 3).

.
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‘The detection rates in the second control
Stage differed from those of the first stage
regardiess of the type of potato material
(Figures 2 and 3). Only for three

brecding materials (B 1572, E §/1 and
K703) planted under  greenhouse
conditions was the percentage of positive
samples greater than that of the visual
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manufacturer’s  instructions _ (Loewe
Biochemica  GmbH,  Sauerlach,
Germany).

DNA extraction and real-time PCR
condifions:  The total genomic DNA.
from potato plants and tuber extracts,
positive and negative controls,
saprophytic bacteria (Table 2), and serial
10-fold  dilutions of  Cms sirains
NCPPB 3467 and CPPB 97 from 10° cfu
mL" (0D = 0.1) to 10' cfu mL was.
prepared using a DNAeasy Plant Minikit
(Qiagen, Hilden, Germany) or GeneAll
Plant SV Mini kit (GeneAll, Seoul,
Korea) according to the manufacturer’s
instructions.  The  real-time  PCR
amplification was performed using
Rotor-Gene Q Splex HRM (Qiagen.
Hilden, Germany) with the dye SYBR
Green (detection wavelength 510 nm)
with the following cycling conditions:
initial denaturation for 30 s at 95°C: then
40 cycles of 5 s at 95°C, and 30 s at
60°C. This was followed by a melting
curve from ST°C to 95°C, at 10°C
increments, for the melting _point
analysis. The SYBR Green real-time
PCR assay was performed in a 25-uL
reaction.  The  realtime  PCR
amplifications were carried out using a
‘mixture of the two primer sets, given in
Pastrik (2000), PSA-l_(5-CTCC
TIGTGGGGTGGGAAAA-3) /PSA-R
(S-TACTGAGATGTTTCACTTCCCC-
). and in Gudmestad et al. (2009), Cel-
F (S-TCTCTCAGTCATTGTAA
GATGA T3)CelaR 5-
ATTCGACCGCT CTCAAA-3), at final
concentrations of 0.2 and 0.5 pM per
reaction, _respectively. A Rotor-Gene
SYBR® Green PCR Kit (Qiagen) was
used, with 3 pL of template DNA,
according o the manufacturer’s

instructions. Al of the reactions were
duplicated. The data analysis included
the determination of the cycle thresholds
(cs) and the melting temperatures (tas)
of the PCR products. To determine the
sensitivity of the two primer sels,
template DNA from the 10-fold dilutions
of Cims collection strains were used. To
determine the specificity of the two
primer sets, both concentrated _and
diluted DNA samples from saprophytic
bacteria (Table 2) were amplified. DNA
samples from potalo and conirols were
used in cither concenirated or diluted
form.

Bl Aubergines (Solamum
melongena L) varicty Black Beauty was
inoculated through the stem at the two-
leaf stage. Concentrated poato plant and
tuber tisue extract, along with conlrols,
saprophytic baclerial suspensions, and
serial 10-fold dilutions of Cms collection
Stains were injected by syringe inlo four
planis per_sample. The inoculations,
plant incubation conditions and the
evaluation of leaves wiling symptoms
were conducted _according to the
‘OEPP/EPPO Bulltin (2006)

Results

Sensitivity and_specificty of DAS
ELISA, SYBR Green real-time PCR
nd the bloassay: A positive absorbance
threshold for the DAS ELISA assay was
set according o the manufacturer’s
instructions 10 Ausen = 0.4. These values
were reached for the Cms concentration
of 2 10° cfu mL". At a concentration of
10" cfu mL", the absorbance values
differed in replicates (Ausem = 022 and
0.36), and at concentrations lower than
10°cfu mL!, the absorbance was the

5
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assessment (Figure 3). The Spearman’s
rank coefficient p = 02 (p = 0.05)
indicated moderate inferactions between
the first and the second stage evaluations.
of the individual potato materials. The
resulting detection rates of the assays
used in the second control stage, in
decreasing order, were the real-time PCR
assay with the PSAR primer set, the
real-time PCR assay with the Celd FIR
primer sel, the bioassay and the DAS
ELISA. The last two were nearly the
same. Results from the PCR primer sets
differed for approximately 3% extracts
over the two years. In the third control
stage, the presence of s in vascular
vessels of all of the polato materials
transfarred and subsequently grown from
in vitro tissue cultures were evaluated
using the same diagnostic methods. The

assays were performed under the same
conditions as in the second stage. Al of
the potato materals were determined to
be negative for the presence of Cons in
2014 and 2015. Several values oblained
from the real-time PCR analysis using
the PSAUR primer set reached the ¢, and
 detection threshold levels but were not
confirmed by a positive bioassay. The
resulting detection rates after two years
using the three-stagecontrol process
were, in decreasing order, mother tubers,
polato_plants, daughter tubers, and
vitro plants. According to the resuls of
the visual assessmen, DAS ELISA, real-
time PCR and bioassay, 38.2%, 15.5%
and 0% of potato materials were positive
for the presence of the Cons pathogen in
th first, second, and third contrl sages,
respectively.
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saprophytic microorganisms during these
enrichment steps. Thus, the polymerase
chain reaction (PCR) fechniques are
easier, and the sensitivity is higher than
that of - immunodetection techniques
(detection limit 10° cfu mL”; at an
acceptable level > 80%-90%). The most
widespread PCR methods for detecting
Cims use primers and protocols based on
Pastrik (2000) and Mills et al. (1997).
‘TagMan PCR (Batch et al, 2003; Schaad
etal., 1999), BIO-PCR (Cho ct al. 2015;
Schaad et al., 1999) and the AmpliDet
RNA assay (Van Beckhoven et al 2002)
were also used. Some primers developed
for a classical PCR format have been
successfully applied in a real-time format
(Smith et al., 2008; Bach et al, 2003;
Beckhoven et al, 2002; Schaad et al.
1999). Positive results obiained by any
‘method must be confirmed by a positive
biological test on aubergines and the
subsequent re-isolation of the pathogen
(Bulletin OEPP/EPPO Bulletin, 2011).

“The detecton limit for most Cms siains
in biological tests with a  high
reproducibility is 10-10° cfu ml

(Brown et al, 2002), while at a
concentration of 10° fu mL" aubergines
are usually symptomless (Pankova &
Knejzar, 2015). The objective of this
Study was 1o improve an inspection
procedure that would eliminate the risk
of latent infections oceurring in breeding.
and propagation potato materals due to
insuficient controls. In this study, to
maintain  Cms-free potato  genetic
resources, 3 three-stage  process of
checking breeding and _propagation
inputs was designed to meet the labour
and financiallimits of small breeders. For
his study atficially infected tubers were
grown, mixed with the same number of
“healthy” seed tubers, and then 10

randomly selected tubers were assessed
for the presence of the pathogen in their
different vegelative stages within one
growing season. The detection of Crms
was based on a double-antibody
sandwich (DAS) ELISA and SYBR
Green real-time PCR assays, including 2
‘melting point analysis using PSA IR
(Pastrik,  2000) " and  Celd  FR
(Gudmestad et al., 2009) primer sets and
biological fests on aubergines.

Materials and methods

Bacterlal  stralns  and_ culture
conditions:  Cn sirains  NCPPB 3467
(Collection of Plant Pathogenic Bacteria,
United _ Kingdom) and CPPB 97
(Collection of Plant Pathogenic Bacteria,
Czech Republic) were cultured _on
medium C (1 L distlled water, 5 g
peptone, 3 g casein hydrolysate, 3 g yeast
extract, 2 g maltose, | g lactose, 18 g
‘agar) and incubated at 22°C for 5 d. For
tuber inoculation, a 11 mixture of the
collection sirains was propared in a
blender using picces of nutrient medium
C with actively growing Cms colonies
and sterile water, and the concentration
was set on 10° cfu mL', which
corresponded to an optical density (OD)
of 0.1 at 560 nm.

Inoculations  and  sample

: Ten Cms-free poato tubers
(Solamum ruberosum L) from 16 potato
cultivars (pre-basic seed class) and 11
new materials at different _broeding
stages (Table 1) were incubated 1-3
weeks in the dark at 20°C prior to
inoculation. Approximately 2 or 3 cm tall
“eyes” were trimmed back to half their
lengths  with  sterile scissors  and
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under dissecting microspore and mounted
in lactophenol cotton blue stain.
Standard literature was consulted for
identification of powdery mildew (Braun
& Cook, 2012; Paul & Thakur, 2006) and
mycoparasite (Belsare et al. 1980;
Hashioka & Nakai, 1980; Kiss, 1998).
An Olympus light ~microscope was.
used to examine fungal structures, and
a CH2 Olympus light microscope
equipped with a SONY DSC WX200
digial  camera  was  used  for
‘microphotographs. For current name of
powdery mildew fungus, MycoBank
(www.mycobank org) Species Fungorum
(www speciesfungorum.org)  websites.
were consulted.

Results

Identification of powdery  mildew:
Powdery mildew symptoms on leaves
and stem of E. irta were observed as
white mycelium. The whole infected
leaves were covered with white powdery
‘mass as disease progress to severity. An
increase i powdery mildew  discase
severity was observed with the decrease
of temperature during winter season.
Upon  detailed  morphological  and
‘microscopic examination it was revealed
that this fungus belongs lo genus
Podosphacra. _ Further  investigation
identified it as Podosphaera euphorbiae-
hirtae. The taxonomic descriptions and
illustraions of the discase are as follows:
Podosphaera  euphorbiae-hirtae (U.
Braun & Somani) U. Brawn & .
‘Takamatsu, Schlechtendalia 4: 28 (2000)
= Sphacrotheca euphorbiac-hirtae U.
Braun & Somani, Mycotaxon 25 (1): 263
(1986)= Odium euphorbiac-hirtac W. Y.
Yen 1966.

Mycelium on leaves, _amphigenous,
white, persistent, forming hyaline or pale
secondary  hyphae,  thick-walled;
conidiophores arising from the upper
surface of superficial hyphae, _erect,
cylindrical, foor-cells short, 17-27 x 7-
12 pm, following cells about as long as
the footcell or shorter, forming
catenescent_conidia; conidiacllipsoid-
doliiform, 22-44 % 13-19 um. with
fibrosin bodies, germ mubes + terminal,
less than 30 um long, apex with
somewhat  swollen _ (club-shaped)
‘appressorium (Figure | & 3). Type: on
Euphorbia hiria, India. Host range and
distribution: onEuphorbia_ pilulifera,
Euphorbiaceae; Asia (India).

Assessment of mycoparasitism:  As
powdery mildew disease attains severity,
the white powdery mildew mass on
infected leaves was tured to grayish at
first and then brownish dots observed.
Further mycological examinations under
stereomicroscope, these  brownish
Structures were identified as pyenidia
within powdery mildew hyphac and
conidiophores  which _ reflected its
mycoparasitic nature (Figure 1 & 2)
Crifical examinations revealed it a

mycparasite  belongs  to _fungus
Ampelomyces quisquali.  Detailed
description and  illusirations of the

Specimens are given here.

Ampelomyces quisqualis Ces. Botanische
Zeitung 10:301(1852). Hyphae of the
hyper-parasite were hyaline and septate;
they were present within the hyphae,
conidiophores, and conidia of infected
mildews.  Conidiogenous  cells
enteroblastic, phialidic, discrete, smooth,
byaline, 4555 pm wide, formed
directly from the pycnidial wall cells.
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water, pH = 7.4) and incubated on an
orbital  shaker overnight at room
temperature. Plant extracts were analysed
using DAS ELISA fests and SYBR
Green real-time PCR assays, including
‘melting point analyses. Afte senescence,
danghier tubers from cach half of the
mother fuber were harvested. Afier 4
weeks of incubation at 22°C, tubers were
cut in two pieces, and the vascular ring
vessels at the stem ends of five tubers
were removed and macerated in 1.5 mL
of sample buffer. Then, they were
processed and analysed in the same
manner as the potato planis. After
incubation, 10 pL. samples from tuber
tissues were sireaked on C medium to
test for the presence of s using DAS
ELISA and real-time PCR assays. In the
third stage of the control process, several
lateral sprouing “eyes” of daughter tuber
samples that had tested negative for the
presence of s in the first and second
Stages were used for the establishment of
in vitro tissue cultures (George & Klerk,
2008; Chawla, 2002). The most vital 2-3
clones from the i vitro cultures of each
danghter tuber sample were stored.
Micro-plants from nuclear stocks were
‘muliplied and inspected 2 months later.
Altogether, 40 in vitro plants from each
clone were transfrred at 10 em lengths
to the soil substrate (Raselina Inc.,
Sobéslav, Czech Republic). Four plants
per pot (10-cm in diameter) were planted
in a quarantined greenhouse at 20°C to
22°C. Four weeks later, the plans from
ach pot were cut, washed under running
tap water and surface-disinfected with
75% ethyl alcohol. Approximately | g of
defoliated stems were macerated in 1.5
mL of sample buffer, treated and
analysed as the potato plant extracts
described abare.

DAS ELISA test: To determine the
sensiivity of polyclonal  antibodies,
Seral 10-fld. dilutions of s strain
'NCPPB 3467 and CPPB 97 from 10° cfu
mL" (ODsone = 0.1) to 10" cfu mL" in
sample buffer were prepared. For the
specificity evaluation, diferent types of
saprophytc  bacteial  colonies  were
isolated from 10 L. samples of potato
plants and tuber extracts streaked on
‘medium C plates and incubated for 24
days at 20°C. Bacterial strains were
identified using Biolog GEN Il (Biolog
nc., Hayward, CA, USA) and the Gas
Chromatography-Analysis of Fatty Acid
Methyl Esters (GC-FAME) method
(MIDI, Microbia ID, Inc., Newark, DE,
USA) with a Sim Index > 0.5 (Table 2)
The  concentrations of  bacteral
suspensions were set at ODsiges = 0.1,
and 1:1 dilutions in sample buffer were
prepared and processed in the same way
a5 plant ewracts and contrls
Suspensions of 10° cfu mL! and 1:]
iluions of Cms collction strains in
Sample buffer were used as positive
controls. The sample buffe and extracts
from healthy potto planis or  tuber
tissues were used as neglive contols
AN ofthetestd plans and tuber extrcts
were used both in 3 concentrated form
and dilued 131 in sample buffer. All of

the samples and controls were
reproduced in  duplicate _in  one
procedure. The DAS ELISA was

performed in a 200-pL reaction in Nunc-
Immuno™ MicroWell™ 96-well solid
microplates (Nunc_Systems Pyt Lid,
Hyderabad, India). The assay, setting of
the threshold level and the final
evaluation of absorbance values using
Spectrophotometer at 405 nm (Ausen).
were carried out using polyclonal
antibodies  according o the
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manufacturer’s  instructions _ (Loewe
Biochemica  GmbH,  Sauerlach,
Germany).

DNA extraction and real-time PCR
condifions:  The total genomic DNA.
from potato plants and tuber extracts,
positive and negative controls,
saprophytic bacteria (Table 2), and serial
10-fold  dilutions of  Cms sirains
NCPPB 3467 and CPPB 97 from 10° cfu
mL" (0D = 0.1) to 10' cfu mL was.
prepared using a DNAeasy Plant Minikit
(Qiagen, Hilden, Germany) or GeneAll
Plant SV Mini kit (GeneAll, Seoul,
Korea) according to the manufacturer’s
instructions.  The  real-time  PCR
amplification was performed using
Rotor-Gene Q Splex HRM (Qiagen.
Hilden, Germany) with the dye SYBR
Green (detection wavelength 510 nm)
with the following cycling conditions:
initial denaturation for 30 s at 95°C: then
40 cycles of 5 s at 95°C, and 30 s at
60°C. This was followed by a melting
curve from ST°C to 95°C, at 10°C
increments, for the melting _point
analysis. The SYBR Green real-time
PCR assay was performed in a 25-uL
reaction.  The  realtime  PCR
amplifications were carried out using a
‘mixture of the two primer sets, given in
Pastrik (2000), PSA-l_(5-CTCC
TIGTGGGGTGGGAAAA-3) /PSA-R
(S-TACTGAGATGTTTCACTTCCCC-
). and in Gudmestad et al. (2009), Cel-
F (S-TCTCTCAGTCATTGTAA
GATGA T3)CelaR 5-
ATTCGACCGCT CTCAAA-3), at final
concentrations of 0.2 and 0.5 pM per
reaction, _respectively. A Rotor-Gene
SYBR® Green PCR Kit (Qiagen) was
used, with 3 pL of template DNA,
according o the manufacturer’s

instructions. Al of the reactions were
duplicated. The data analysis included
the determination of the cycle thresholds
(cs) and the melting temperatures (tas)
of the PCR products. To determine the
sensitivity of the two primer sels,
template DNA from the 10-fold dilutions
of Cims collection strains were used. To
determine the specificity of the two
primer sets, both concentrated _and
diluted DNA samples from saprophytic
bacteria (Table 2) were amplified. DNA
samples from potalo and conirols were
used in cither concenirated or diluted
form.

Bl Aubergines (Solamum
melongena L) varicty Black Beauty was
inoculated through the stem at the two-
leaf stage. Concentrated poato plant and
tuber tisue extract, along with conlrols,
saprophytic baclerial suspensions, and
serial 10-fold dilutions of Cms collection
Stains were injected by syringe inlo four
planis per_sample. The inoculations,
plant incubation conditions and the
evaluation of leaves wiling symptoms
were conducted _according to the
‘OEPP/EPPO Bulltin (2006)

Results

Sensitivity and_specificty of DAS
ELISA, SYBR Green real-time PCR
nd the bloassay: A positive absorbance
threshold for the DAS ELISA assay was
set according o the manufacturer’s
instructions 10 Ausen = 0.4. These values
were reached for the Cms concentration
of 2 10° cfu mL". At a concentration of
10" cfu mL", the absorbance values
differed in replicates (Ausem = 022 and
0.36), and at concentrations lower than
10°cfu mL!, the absorbance was the
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Pycnidia were light brown in transmilted
light and varied in shape from sub-
globose to pyriform, measured 36-123 x
2245 um, with no distinctostiolum;

conidia  unicellular, _hyaline, mostly
guttulate conidia, 4275 x 236 m,
dehiscence by  apical rupture  of

pyenidium (Figure 2 & 4)
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tubers of cach cultivar harvested from the
greenhouse, 118% of potato plants
grown in the greenhouse, 6.0% in plans
grown in the netting house and 4.0% in
danghter tubers harvested from  the
netting house (Figure 2). For breeding
‘materials, Cms was found in 21.2% of
reenhouse plants, 16.2% of greenhouse
tubers, 7.7% of netting house plants and
5.1% of natting house tubers (Figure 3).
In 2015, the order of the infected potato
cultivars and breeding materials differed
slightly, but in total the Cms positive
percentages were much higher in the new.
brocding materials. The highest positive
detection rate of 21.2 % per cultivar was
detected in plant extracts of broeding

‘materials grown in the greenhouse. The
Spearman’s rank coefficient p = 0.32 (p
= 005), indicating that moderate
interactions  among the _individual
cultivars” anmual results at the second
control stage (Figure 2). Generally, over
the two years, no significant symptoms
of wilting on potato plans were observed
in the greenhouse and netting house
More Cms positive samples were
detected in the greenhouse: 15% per
polato material for plant_extracts and
13.8% for tuber extracts. In the netting
house the average positive detection rate
over the two years reached 5.2% for
plants per potato material and 7.0% for
tubers per potato material (Table 3).

.
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‘The detection rates in the second control
Stage differed from those of the first stage
regardiess of the type of potato material
(Figures 2 and 3). Only for three

brecding materials (B 1572, E §/1 and
K703) planted under  greenhouse
conditions was the percentage of positive
samples greater than that of the visual
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same as that of the negative controls
(Ausen = 02). All of the 35 saprophytic
bacterts solated from potto plants and
tuber extracts produced negaive results,
absorbance values ranged between 0.1
(blank) and 0.2 (negative and commercial
negative controls) for 10° cfu mL'
concentrations and 1:1 dilutions (Table
2). For the real-time PCR assays, the
positve ¢, values were set as ¢, = 25 and
= 30 or lss for the PSA IR and Celd
FR Cns primer sets, respectively, to
determine the presence of Cms at 10°-10°
cfumL" (20-2.5 ng uL” of DNA). Ata
Cms concentration > 10" cfu mL". the
PCR products” ta = 85,5 % 0.1°C for the
PSA primer set and 86.5 £ 0.1°C for the
et primer set, respectively. At lower
Cms concentrtions (< 10° cfu mL"), <,
values ofien differed between replicaes,
and the t values of the PCR products
became lower, the meliing curves for
Cms - concentrations < 10° cfu mL"

became similar to those of the negative

controls. When using  Crms-specific
primers, the c, values for the saprophytic
bacteria ranged from 27.5 (Pscudomonas
cormugata at 1:1 dilution) to 37.3
(Ochrobactrum grignonense at 10° cfu
mL") for the PSA primer set, and from
281 (Rhizobium rhizogenens at 10° cfu
mL) to 37.1 (0. grignonense at 10° cfu
mL") for the Celd primer set (Table 2)
According to the melting point analysis
of the PCR products, the main peaks had
significantly different positions at S8°C—
78°C. The threshold for biological fests
on aubergine planis was st at a Cms
concentration of 10°cfu mL" (Figure 1)
At a Cms concentration of 10° cfu mL",
wilting symptoms and the ability to re-
isolate the pathogen diffred between
replicates. At a 10" cfu mL! dilution, no
wilting symptoms were observed and re-
isolation was completely unsuccessful,
None of the saprophytic bacteria, when
injected, caused wilting symptoms in
aubergines (Table 2)
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Discussion

Due to the persisting difficulties in
‘maintaining zero tolerance for the causal
agent of potato ring rol, attention was
focused on vertical discase transmission.
“This has led to an effort o set or improve
the control of initial breeding materials
A three-stage control process for potato
materials was suggested and_designed,
taking intoconsideration the time,
personnel and financial limitations of
small breeding and propagation stations.
Breoders are well acquainted  with
differences among potato  cultivars,
therefore, they are qualified to visually
assess potato tubers. According to the
percentage of potential Cms positives
obtained by the visual assessment, in
‘comparison with the results of the second
stage analysis, reviewers tended 1o
overestimate the presence of discoloured
vessels in tubers. The detection rate of
the visual assessments was also enhanced
afler one month incubation at a
temperature that  supported  pathogen
‘multiplication. The ~Spearman’s rank.
coefficient for annual resuls indicated
that individual potato cultivars responded
differently to the artificial inoculation.
The percentage of positives in the first
stage was the highest within the three
stage process, but an average of at least
20% of tubers of individual potato
‘materials (Table 3) could be excluded
during the first stage. In the second
control stage of the presented trals,
significant _ differences were  shown
between detection rates in potalo plants
‘and tubers (15% and 13 8%, respectively)
in the greenhouse, in which they were
grown under the optimal conditions for

the growth and multiplication of Cime
colonies, and rates in netting house (5.2
% and 7%, respectively) under nearly
field conditions (Table 3). The planting
of both parts of the mother tubers under
Cms optimal conditions in the
greenhouse should be more valuable for
revealing the prosence of the pathogen.
However, the second stage of control
was designed to use the equipment and
Space available at most breeding farms.
Breoders  usually  have limited
greenhouse space without the capability
to continuously regulate the temperature
‘and humidity, so the chance 10 increase
the Cme concentrations sbove the
detection methods thresholds is limited.
The possibility of enhancing the
determination rate was established by
growing two parts of the mother tubers
under different _conditions, _sampling
blossoming  plants  and  incubating
danghter tubers at temperatures suitable
to Cms growth (Pankova & Krejzar,
2015; Krejzar et al.. 2007). The greatest
differences between the detection rates in
plants and daughter tuber extracts, and
between greenhouses and netting houses,
were observed for potato  broeding
materials (Figure 3). These expected
divergences were caused by the diversity
of the new breeding materials (size and
‘number of stems, number of tubers, etc.).

Ths, within these  materials the
importance of muliple testing increased.
Moderate _correlations _between the

resuls in 2014 and 2015 for individual
cultivars at the second stage showed., as
in the first stage that individual potato
cultivars responded differently 1o the
artificial inoculations. After the second
stage, 14%-28% of individual potato
‘materials in plants or daughter tubers
(Table 3) could be excluded. The
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troduction

Mycoparasitism s defined as the
association of two fungi where one acts
as parasite over the other. This term
along with mycoparasite was introduced
by Butler (1957) to elucidate the complex.
interrelationships between 2 fungal host
and parasite. Mycoparasites can be of
balanced _(biotropic) and _destructive
(necrotropic) type, based on the modes of
host-  parasite  interactions (Banett &
Binder, 1973). Biotrophic mycoparasites
are mainly havstorial in nature- which
cause litle damage o their hosts and
remain_active as long as the host is
active. Whereas, necrotropic parasites are
extremely  destructive o other fungi
They often spread rapidly. completely
surrounding and covering their hosls in a
fow hours or days (leffrics, 1995).
Ampelomyces quisqualis is a naturally
occurring _mycoparasite of powdery
mildews. It is an anamorphic fungus
parasific to both sexual and asexual
structures of powdery mildew pathogens.
This parasite reduces growth and may
eventually kil the mildew pathogen. It
colonizes a large area of the target site.
competes for the plant substrates and
nutrients thereby causes the killing of
pathogens due to starvation. Being a
hyper parasite, it penetrates the pathogen
and infects it by forming pycnidia within
powdery mildew hyphae, conidiophores.
and cleistothecia (Kiss, 2008; Kiss et al.,
2004). In October 2015, a powdery
mildew infection was observed on
Euphorbia hirta during the ~ routine.
‘mycological survey in district Mandi, the
central _region of Himachal Pradesh,
India. During the course of microscopic
examinations, infection was found mixed
with another unknown fungus. The

detailed  examination revealed  the
‘mycoparasitic nature of this unknown
fungus. The present study was therefore,
carried out to study morphology and
taxonomy of the ~powdery mildew
disease and its mycoparasitic associate,
collected on the plant E. hirta from
Himachal Pradesh, India.

The aerial parts of E hirta showing
powdery mildew symploms  were
collected in the course of a mycological
survey from district Mandi of Himachal
Pradesh. These infected leaves were
dried between sheets of blotting paper
and preserved for further studics. Host
plants were identified and confirmed by
‘matching the collections with herbarium
and by consulting Botanisis. The
specimen was_deposited ai Abhilashi
University (AU), Mandi, Himachal
Pradesh, India for further reference. The
infected leaves were examined primarily
with a handlens and then with 2
dissecting microscope for the presence of
mildew symptoms. Fungal structures
present on the fresh leaves were removed
using a sirip of adhesive tape and
examined by light microscopy with 3%
potassium _hydroxide as  mounting
‘medium. Microscopic observations were
carried out to study the characteristics of
‘mycelia, appressoria, size and shape of
conidia, conidiophores and
chasmothecia. The mycoparasite was
observed  with the help of a
Stercomicroscope and detected by the
presence of  brownish  intercellular
pyenidia in the white powdery mildew
‘mycelia. These brown coloured pyenidia
were picked up with the help of a needle
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same as that of the negative controls
(Ausen = 02). All of the 35 saprophytic
bacterts solated from potto plants and
tuber extracts produced negaive results,
absorbance values ranged between 0.1
(blank) and 0.2 (negative and commercial
negative controls) for 10° cfu mL'
concentrations and 1:1 dilutions (Table
2). For the real-time PCR assays, the
positve ¢, values were set as ¢, = 25 and
= 30 or lss for the PSA IR and Celd
FR Cns primer sets, respectively, to
determine the presence of Cms at 10°-10°
cfumL" (20-2.5 ng uL” of DNA). Ata
Cms concentration > 10" cfu mL". the
PCR products” ta = 85,5 % 0.1°C for the
PSA primer set and 86.5 £ 0.1°C for the
et primer set, respectively. At lower
Cms concentrtions (< 10° cfu mL"), <,
values ofien differed between replicaes,
and the t values of the PCR products
became lower, the meliing curves for
Cms - concentrations < 10° cfu mL"

became similar to those of the negative

controls. When using  Crms-specific
primers, the c, values for the saprophytic
bacteria ranged from 27.5 (Pscudomonas
cormugata at 1:1 dilution) to 37.3
(Ochrobactrum grignonense at 10° cfu
mL") for the PSA primer set, and from
281 (Rhizobium rhizogenens at 10° cfu
mL) to 37.1 (0. grignonense at 10° cfu
mL") for the Celd primer set (Table 2)
According to the melting point analysis
of the PCR products, the main peaks had
significantly different positions at S8°C—
78°C. The threshold for biological fests
on aubergine planis was st at a Cms
concentration of 10°cfu mL" (Figure 1)
At a Cms concentration of 10° cfu mL",
wilting symptoms and the ability to re-
isolate the pathogen diffred between
replicates. At a 10" cfu mL! dilution, no
wilting symptoms were observed and re-
isolation was completely unsuccessful,
None of the saprophytic bacteria, when
injected, caused wilting symptoms in
aubergines (Table 2)
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troduction

Bacterial ring rot, caused by the gram-
posifive  bacterium  Clavibacter
michiganensis  subsp. _ sepedonicus
(Spicckermann & Kotthoff, 1914) Davis
et al. 1984 (Cims), is included in the list
of quarantined harmful organisms that
require special measures to cither restrict
or prevent is introduction and spread in
potato-production  regions (Act  no.
2452011 Coll; Decree 3822011 Coll).
‘A zero-tolerance policy for the discase
was implemented by the European and
Mediterranean~ Plant Protection
Organization (EPPO;  Bulletin
OEPP/EPPO Buletin, 2011) (Guibrod,
1987). During the first years afler
introducing the eradication program, a
Significant reduction in the incidence of
the causal agent of bacterial ring rot was
recorded (Kudela, 2007), but despite the
high cost of testing seed tubers, the
pathogen was not eradicated in central
Europe. The attention of legislators and
rescarchers  was  still focused on
minimizing the possible  horizontal
spread of Cms through  technological
‘measures and sanitation. In the temperate.
climatic zone of central Europe, Cms
does not cause serious crop losses or
Significant symploms on potato plants or
tubers (ACP, 2003; Bishop & Slack,
1987).  Infections in potato are
symplomless because of the low.
population rates and can persist in
certified sced stocks for many years
without _positive_test results (Nelson,
1982). Positive findings occurred most
often in the lowest levels of commercial
seed potatoes, E, A and B. Even seed lots
that were evaluated as healthy prior to
harvesting were positive when sampled a
few months later afler shipping (personal

communication). The combination of
Seversl years of  prolferstion  and
Subsequent unsuiable conditions during
the ransport and storage o seed tubers
can lad fothe pathogen's multplication,
‘which s below th threshold limits of
the main scrsening methods prior the
harvesting. Attenion should be focused
on the vertcal spread of the pathogen.
Iniia brecding materials that are from
diffrent sources are sl ot being
checked properly or at all before the
breeding process. Even new breeding
materials have only been checked
randomly. The frst egular nspection of
breeding material is made before ther
ranste to tisue cultures. This one-time
determintion of the pathogen sppers to
be imsuffcien. Breeding fams are
stusted in the highlands (400-600 m
Sbove the sea). where it i ot warm
enough (average temperature during the
growing season 10-13°C) for Cms to
mulply over the threshold level of the
Scrcening methods. Cins deection can be
performed  using . immunochemical
techniques. immunofluorsscence assays
(Roozen & Van Vurde. 1991 De Boer &
Copeman,  1980). _ensyme-linked
immunosorbent assays (ELISA: De Boer
etaL, 1988) or fluorescent in stu DNA
hybridizaton (Li et al.. 1997). All o the
methods have similar detecton limits of
1010 colony forming unis (cu) mL".
atan acceptabl level = 30%. In an effor
o increase the sensitivity of these
‘methods to approximately 10° cfu mL"
s, extraction buffers  containing
Iysoryme. Cns semiselectve. mtrient
media for incubation, and  magnetc
beads for trpping Cms antigens
(Pousscrs et al.. 2002) were used. The
Slow-growing pathogenis  often
overgrown by other rapidly growing

n
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Discussion

Euphorbia hirta s a weed that grows in
‘open grasslands, roadsides and pathways.
It s a well-known medicinal plant and
called sometime “Asthma plant” (BSBI,
2007). The stem and leaf extracts are
useful in jaundice (Gautam et al., 2011).
The present rescarch shows the
mycoparasitic  relationship between
‘powdery mildew fungus (P. cuphorbiae-
hirtae) on E. hirta and Ampelomyces
quisqualis.  The  powdery  mildew
infection on E. hirta appeared as white
‘porwdery mass but tumed off white upon
‘mycoparasitic attack by A. quisqualis.
The powdery mildew on E. hirta caused
by various fungi is reported carlir also,
‘The anamorphic stte L. Oidium state of
Sphacrotheca fuliginea was  recorded
previously by Barreto and Evans (1998)
and Majumdar et al. (2007). Another
powdery mildew fungus Sphacrotheca

P 3. Anpelomyees gl s svcures
1 e o (S 2o

cuphorbiae  was  reporied  from
Maharashtra_state also (Pawar et al.,
2011). Similarly, different_species of

Podosphaera e Podosphacra
cuphorbiae;Podosphaera_euphorbiae-
helioscopiae;  and  Podosphacra

cuphorbiae-hirtae were also reporied
from  China, Taiwan, India, Japan,
Malaysia, Singapore. Sri Lanka (Braun
& Cook, 2011; Paul & Thakur, 2006)
The fungal genus Ampelomyees is
considered to be major  intracellular
mycoparasite of Erysiphales  species
worldwide. Ampelomyees mycoparasites
were mostly studied for their use as
biological control agents (BCAs) of
powdery mildew infections of various
crops (Legler et al. 2011). Review of
literature provides 2 lot of information
about Ampelomyees fungi on different

powdery mildew fungi. Ampelomyces
quisqualis _has been reported as
mycoparasitic on  various  powdery

s
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immersed in_ suspensions of individual
Coms strains. The tubers were allowed to
rest for 30 min to stabilise the Cims
(Slack et al., 1996) and then were sown
in 20-cm diameter pots filled with a mix
(1:1) of field soil and special vegetable
substrate (Raselina Inc., Sobéslav, Czech

Republic). These pots were placed in a
greenhouse at 20°C to 22°C during the
growing period and watered daily until
they withered. Daughter tubers were
harvested after 10-12 wacks and mixed
with the same number of “healthy” seed
tubers from the same cultivr.

Do o g o H
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Threcstage control _process: The  sown and planed in the grecnbouse in
experiment was camied out in a the same mamner as described sbove

randomised block  design with 10
randomly sclected same-sized tubers of
each potato material. In the first stage of
the control process, selected tubers from
each of the potato cultivars and breeding
‘materials were stored for 4 weeks at 22°C
i the dark. Then, the tubers were washed
under running tap  water, surface-
disinfcted with 75% cthyl alcohol and
cutin two equal parts containing the stem
and apical bud ends. The colour and
appearance of xylem vessels were
cvaluated. In the second stage of the
control process, a half of each tuber was

Each pot was on its own deep plate to
avoidcross-contamination. The other
balf of cach tuber was planted in a
netting house trial. The tubers were
planted 50 cm apart with individual
cultivars on rows 30 cm apart. Potato
planis were watered regularly. Samples
of I g of vascular bundles were taken
independently from the base, middle and
top parts of the main stem of cach
blooming plant. Each sample was
‘macerated in 1.5 mL of sample buffer
(20 g polyvinylpyrrolidone K10-K40, 2 ¢
bovine serum  albumin, 1 L distilled

s
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assessment (Figure 3). The Spearman’s
rank coefficient p = 02 (p = 0.05)
indicated moderate inferactions between
the first and the second stage evaluations.
of the individual potato materials. The
resulting detection rates of the assays
used in the second control stage, in
decreasing order, were the real-time PCR
assay with the PSAR primer set, the
real-time PCR assay with the Celd FIR
primer sel, the bioassay and the DAS
ELISA. The last two were nearly the
same. Results from the PCR primer sets
differed for approximately 3% extracts
over the two years. In the third control
stage, the presence of s in vascular
vessels of all of the polato materials
transfarred and subsequently grown from
in vitro tissue cultures were evaluated
using the same diagnostic methods. The

assays were performed under the same
conditions as in the second stage. Al of
the potato materals were determined to
be negative for the presence of Cons in
2014 and 2015. Several values oblained
from the real-time PCR analysis using
the PSAUR primer set reached the ¢, and
 detection threshold levels but were not
confirmed by a positive bioassay. The
resulting detection rates after two years
using the three-stagecontrol process
were, in decreasing order, mother tubers,
polato_plants, daughter tubers, and
vitro plants. According to the resuls of
the visual assessmen, DAS ELISA, real-
time PCR and bioassay, 38.2%, 15.5%
and 0% of potato materials were positive
for the presence of the Cons pathogen in
th first, second, and third contrl sages,
respectively.
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