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Introduction

Phytophthora infestans is the most notorious causing Late
blight of potato and tomato, globally. The word Phytophthora is
derived from the Greek word: Phyto = plant, phthora = destroyer.
Potato is a native of the North Andes (South America) and the
late blight of potato was initially an endemic disease but in the
mid1800s, late blight caused wide spread crop failures throughout
the Northern Europe including Ireland where it was responsible
for the Irish famine [1]. The genus Phytophthora represents a
large group of plant pathogenic fungi responsible for crop losses in
temperate and tropical climate [2]. Many species of Phytophthora
are soil borne pathogens and spread through the movement
of infested soil, or by water flow through infested soil [3]. A key
element in the management of such diseases is the ability to detect
the pathogen in soil and water. However, DNA extracted from soil
contains substances such as humic acids, lignins, carbohydrates,
resins, and so on which are very inhibitory to PCR amplification
[4,5]. The amounts of inhibitory substances will vary widely with
soil type, vegetation type, and composition of the soil micro flora.
As the micro flora varies even over small distances (1 m scale) [6],
the efficiency of PCR amplification is likely to vary widely even over
small distances. It is therefore critical that an internal standard
is used for PCR analysis of soil samples [7]. Recorded positive
detection of P. infestans for up to twelve months from soil in which
infested leaf tissue had been buried and for up to 24 months from
soil containing leaf tissue infected with both mating types.

The difference is ascribed to the formation of sexual oospores
in the doubly infected material. However [8] showed that infective
propagules of P. cinnamomido not persist for long periods in soil.
After incubation of infested soil for 12 weeks at 25°C the pathogen
could not be detected by baiting, and although it could be detected
by PCR the detection efficiency was significantly reduced. When
the soil was incubated at 30°C for 12 weeks the pathogen could

notbe detected by either baiting or PCR. For detection in soil,
where there is no obvious lesiontissue to sample from, soil baiting
has the advantage that it enables large amounts of soil (0.5-1 kg)
to be tested whereas DNA extraction protocols are all based on
extraction of small (1-10 g) samples. Consequently, with sampling
for DNA extraction and analysis by PCR we may simply miss the
pathogen. Baiting also has the advantage that it only detects viable
pathogen. Recently [9] developed a new modified baiting method
for detection P.infestans from potato agricultural fields. Despite the
advantages, baiting is too slow and low throughput to be useful and
can be subject to a high degree of false negatives also. The efficiency
of detection of Phytophthora in soil by the baiting technique can be
improved by sieving out the soil and rewetting it (double baiting
demonstrating that, as with tissue sections, the pathogen, although
present, will not always grow out of the sample [10,11] found that
double baiting increased the recovery of positive samples [12].
suggested that testing the bait water by PCR would have a number
of advantages: (a) It overcomes the problem of sample size in
relation to testing soil, (b) since we are testing water, problems with
soil PCR inhibitory substances that co-extract with the DNA would
be reduced, and (c) it also overcomes the problem that zoospores
do not always infect the bait tissue leading to false negatives [13].
However, as discussed above in the section on soil baiting, viable
pathogen may be present but only produce zoospores after washing
and drying of the soil [14] Davison and Tay. These would not be
detected by testing the bait water unless this additional step was
routinely included in the baiting procedure. Dormant forms of the
pathogen such as chlamydospores or oospores would also not be
detected [15].

Reports that detection of the pathogen in soil is challenging
and molecular detection may prove a valuable alternative to
baiting methods. In recent years PCR has emerged as a powerful
tool in plant disease diagnostics: it does not require the isolation
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of pure fungal cultures from infected tissue, and is often more
sensitive, accurate, robust and rapid, less labour-intensive, and
more economical than conventional diagnostics [16]. Described
CTAB extraction and NaOH lysis methods for the extraction of
DNA from oospores of P. infestans in pure culture. However, these
methods cannot be applied to naturally infested soil samples. It
may theoretically be possible to obtain oospores of P. infestans from
naturally infested soils using a combination of sieving / sucrose
gradients as demonstrated by [17,18] for the quantification of
oospores of Peronosporaviciae and P. capsici in soil, respectively
[19]. Reported the abundant formation of oospores of P. infestans
under field conditions has been recorded in Scandinavia and
oospore- derived primary infections have been implicated in early
disease epidemics since the 1990s [20]. In addition, this method
is very labour intensive and visual identification of P.infestans
propagules amongst oospores of other soilborne pathogens may
be an issue [21] used a modified version of the method of [17] to
recover oospores of P. infestans from naturally infested field soils
in the Toluca Valley of Central Mexico and classified soils as having
low, moderate or high oospore counts if they contained 0-19, 20—
39 or >39 oospores/g soil, respectively. Percentage recovery could
not be calculated in this case as soils were naturally infested. Lee,
2012 reported that in one of the methods of DNA extraction tested
successfully released DNA from P. infestans oospores directly from
soil or from oospores artificially added to soils or buffers. Oospores
were observed microscopically to remain intact in all treatments
and were undetectable using qPCR on any occasion [22] reported
that oospores not only can be detected also quantified by Real time
PCR (both A1l and A2 mating type) as well can be visualize their
viability with MTT dye staining under microscope differentiation
between dormant and germinating oospores. A new protocol was
developed for DNA extraction from P.infestans oospores. The further
development and use of DNA-based diagnostic techniques will also
assist International efforts to control the introduction of exotic
diseases into new geographic areas. Reliable and rapid techniques
are needed by national and regional diagnostic laboratories to
screen the planting material for important pathogens.
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