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Incidence of the potato late blight pathogen, Phytophthora
infestans, in Syria and its mating type
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Abstract Late blight, caused by Phytophthora infestans
(Mont.) de Bary, is a devastating disease found worldwide.
During 2011, 2013 and 2014 cropping seasons, prevalence
of potato late blight in all survived areas throughout the
interior of Syria was examined and the disease incidence
varied and ranged from O to 85.71%. Potato leave samples
showing late blight symptoms were collected from five
different regions known to grow potato intensively. Based
on their morphological characteristics, 22 isolates were
distinguished as P. infestans. Using two fungal specific
primers, ITS3 and PINF2 in a PCR assay, all isolates were
confirmed as P. infestans, while they produce ~ 450 bp
band. Similarly, all confirmed P. infestans isolates were
able to produce a 170-bp band when INF-1 and INF-2
primers were deployed indicating that studied isolates had
merely mating type Al and no isolate with mating type A2
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was found which might explain the absence of oospores in
considered areas.
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Introduction

Late blight disease (LBD) caused by Phytophthora infes-
tans Mont. de Bary is a major disease of potato and tomato
worldwide and can cause up to 100% yield losses (Nowicki
2012). The oomycete pathogen P. infestans Iinitially
emerged in the early 1840s in the USA and Europe and
rapidly spread across other potato-growing regions, leading
to the well-known Irish famine that resulted in the death of
over one million people and the immigration of 1.5 million
people to further parts of Europe or North America
(Haverkort et al. 2009).

Phytophthora infestans is considered as a specialized
pathogen, primarily causing disease on the foliage and
fruits of a range of Solanaceous species (Erwin and Ribero
1998). Infections may be initiated asexually when spo-
rangia land on the surface of a leaf and release zoospores
that rapidly encyst and produce a germ tube where its tip
develops into an appressorium and produces an infection
peg that penetrates plant tissues. Sporangiophores emerge
from the stomata on the underside of the leaf which release
sporangia to permit aerial spreading of the pathogen
(Jmour and Hamada 2006). For sexual reproduction, P.
infestans requires both Al and A2 mating types to produce
oospores (Fry and Goodwin 1997). The center of diversity
of this oomycete is located in the highlands of Mexico,
where both mating types originate. At least two different
migration events from Mexico have occurred, the first one
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is postulated to have taken place before 1845, after which
P. infestans swept through Europe and Ireland (Drenth
et al. 1994). The second migration happened in the 1970s
to 1990s, bringing the A2 mating type out of Mexico
resulting in the formation of oospores in many regions in
the world (Fry et al. 1993; Runno-Paurson et al. 2010).
However, only few efforts have been made to clarify the
role of oospores in initiating and in the epidemiology of
late blight (Andrivon 1995; Drenth et al. 1995; Andersson
et al. 1998; Pittis and Shattock 1994). A PCR assay was
developed for the detection of late blight of potato and
determination of the pathogen mating type in many parts of
the world which is based on small nucleotide differences in
the internal transcribed spacer sequences between 18S,
5.8S and 28S ribosomal DNAs (Hussain et al. 2005; Jyan
et al. 2002; Judelson and Tooley 2000).

The aims of this study were to determine the distribution of
late blight disease on potatoes in Syria and to detect the mating
type of obtained P. infestans isolates deploying a PCR assay.

Materials and methods
Field survey and sampling

During 2011, 2013 and 2014, a field survey was conducted
in order to examine all major potato-growing regions in
Syria for the prevalence of potato late blight disease. The
frequency of P. infestans on symptomatic potato plants was
recorded, and samples of potato leaves showing late blight
symptoms were collected randomly from 12 fields in five
districts (Daraa, Hama, Al Ghab, Latakia and Tartous).

Pathogen isolation

Infected leaves were superficially sterilized for 2 min in 3%
sodium hypochlorite, washed 3 times with sterile water, cut
into small pieces before they were placed under potato slices
in Petri dishes. Dishes were incubated at 20 + 2 °C for
7 days until abundant sporulation appeared on the upper side
of the slice. Clean and pure mycelium was placed on Rye
Agar medium (RAM) (60 g of rye grain, 15 g of agar and
20 g of dextrose in 11 of distilled water) amended with
12 mg/1 of rifampicin in Petri dishes. Incubation was carried
out for at least 2 weeks at 20 °C (Jmour and Hamada 2006).
Fungus identification was based on colony, sporangiophores
and sporangia morphological characteristics.

DNA extraction
Genomic DNA was extracted from the mycelium of 22 P.

infestans isolates according to the cetyltrimethylammo-
nium bromide (CTAB( procedure (Murray and Thompson
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1980). 150 mg of fresh mycelium was ground in liquid
nitrogen in an Eppendorf tube of 2 ml to which 850 pl of
extraction buffer CTAB (0.1 M Tris HCI at pH 8.0, 1.4 M
NaCl, 20 mM EDTA at pH 8.0, 2% (w/v) CTAB and 3%
2-mercapto-ethanol) was added. The suspension was
incubated for 30 min at 65 °C, and the content was gently
mixed by inversion of the tubes once every 10 min. A
volume of 700 pl of chloroform/isoamylic alcohol (24 v:1
v) was then added, and the resulting mix was centrifuged
for 10 min at 10,000 rpm/min at 4 °C. 500 pl of the
supernatant was transferred to another Eppendorf tube to
which 500 pl of chloroform/isoamylic alcohol (24 v:1 v)
was added and centrifuged as previously. 500 pl of the
supernatant was again transferred to a fresh Eppendorf tube
and placed on ice for 20-30 min. DNA was precipitated by
adding two volumes of ethanol and centrifugation at
10,000 rpm for 10 min at 4 °C. DNA pellets were sepa-
rated from supernatants, washed twice with 70% ethanol,
re-centrifuged at 10,000 rpm for 10 min and dried at room
temperature. Finally, pellets were dissolved in TE buffer
(10 mM Tris HCIL, 1 mM EDTA at pH 8.0) and stored at
— 20 °C. DNA yield and purity were determined by a
spectrophotometer.

P. infestans identification by a specific PCR assay

PCR amplification was conducted in a 30-pul volume con-
taining: 300 ng of fungal DNA, 1.5 mM MgSo,, 2 uM
dNTPs, 1x PCR buffer (3 pl), 1.5 unit of Tag DNA
polymerase, 2 puM of each primer, ITS3 (5/-GCATC-
GATGAAGAACGCAGC-3) and PINF2 (5-CGATT-
CAAATGCCAA GCTAAAG-3/) and distilled water
(Tooley et al. 1997). Another pair of primers, ITS4 (5'-
TCCTCCGCTTATTGATATGC-3) and PERY2 (5-
CTGTTCCGGCGTAAGCTG-3') described for P. ery-
throseptica, was also tested. The amplification was initi-
ated by a denaturation at 94 °C for 5 min, followed by 30
cycles, each consists of (a 10-s denaturation at 94 °C, a
30-s annealing at 55 °C, a 40-s elongation at 72 °C) and a
final elongation at 72 °C for 5 min in a thermocycler. PCR
amplicons were analyzed after fractionation by 1% Agar-
ose gel electrophoresis in 1x TBE buffer, stained with
ethidium bromide.

Mating type determination by PCR

The mating type of P. infestans isolates was determined by
a specific PCR assay in a 25-pl reaction mixture containing
300 ng of fungal DNA, 1 mM MgSo,, 2 pM dNTPs, 1x
PCR buffer, 1.5 unit of Tag DNA polymerase, 2.25 uM of
each primer (specific for detecting mating type Al), INF-1
(5-AAGCTATACTGGGACAGGGT-3) and INF-2 (5-
GCGTTCTTTCGTATTACCAC—3/) and distilled water.
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The amplification was initiated by denaturation at 95 °C
for 4 min, followed by 30 cycles of (95 °C/35 s, 56 °C/
355, 70 °C/35 s), and a 5-min extension at 70 °C in a
thermocycler. PCR amplicons were analyzed after frac-
tionation by 1% Agarose gel electrophoresis in 1x TBE
buffer and stained with ethidium bromide.

Results and discussion
Occurrence of late blight diseases

The incidence of late blight on potato varied among geo-
graphical locations where potatoes are mainly and heavily
grown in Syria. Late blight prevalence rate ranged from 0
to 85.71%. The highest disease frequency was recorded in
Hama (85.71%) and Al Ghab (71.42%), while it was rel-
atively low in Latakia (16%) and Tartous (11.11%).
However, no infection was observed in the unique studied
site in Daraa (Table 1).

Variability in disease frequency on potato and tomato
has been recorded in many locations and countries world-
wide. In Uganda, studies conducted by Mukalazi et al.
(2000) showed that late blight incidence in various coun-
tries ranged from 5 to 85.4%. The variation of disease
incidence and severity may be accounted for differences in
rainfall patterns between seasons and years. Furthermore,
variation has been equally attributed to susceptibility and
resistance of diverse varieties grown in many areas, dif-
ferent planting dates (disease escape) and various late
blight management practices (Olanya et al. 2009).

Fungal isolation

Samples of blighted potato leaves were obtained from 12
fields distributed over five different geographical areas
where potatoes are grown in Syria. After isolation which
was based on morphological characteristics of mycelium,
sporangiophores and sporangia, 22 isolates out of 83
(27.71%) were morphological classified P. infestans (Kirk
et al. 2009; Lepoivre 2003).

PCR amplification of P. infestans DNA

Genomic DNA of the 22 isolates morphologically deter-
mined to be P. infestans was extracted and amplified using
ITS3 and PINF2 primer combination in a PCR assay. All
isolates showed a ~ 450 bp band (Fig. 1), while no band
was detected when ITS4 and PERY?2 primers described for
P. erythroseptica were used (data not shown). These results
confirmed the morphological classification and further
confirmed the identity of obtained isolates as P. infestans.
In fact, many primer combinations designed for specific
detection of P. infestans are available The use of PINF and
ITS5 primers resulted in a PCR amplification of an
approximately 600 base pair product with barely isolates of
P. infestans from potato and tomato (Trout et al. 1997).
Jyan et al. (2002) demonstrated that a PCR analysis with
Pi1S-1/Pi2A-1 primers gave rise to amplified products of
approximately 350 bp from P. infestans as well as other
Phytophthora spp., while PilS-1/Pi2A-2 primers generated
a DNA band only from P. infestans but not from other
fungal species.

Identifying the mating type of P. infestans isolates

The mating type of the 22 isolates of P. infestans was
identified by a PCR assay with INF-1 and INF-2 primers
that are specific for mating type Al (Mat-Al). DNA
fragment of 170 bp was amplified (Fig. 2) indicating that
all tested P. infestans isolates are proved to be of Mat-Al.
This suggests that the Syrian P. infestans population may
belong to the “old” P. infestans type (Al), which is the
most common mating type of P. infestans described all
over the world. Our results were similar to those of pre-
vious studies, where the same pair of primers (INF-1/INF-
2) was designed and used to differentiate P. infestans Mat-
Al from Mat-A2 strains (Runno-Paurson et al. 2010). The
Mat-A2 of P. infestans was later detected in Tunisia
(Jmour and Hamada 2006), in Turkey (Tosun et al. 2007)
and in Czech Republic (Mazdkova et al. 2006). There
have been reports of a lower Al:A2 ratio from several
European countries (Hermansen et al. 2000; Bakonyi et al.

Table 1 Incidence percentage of late blight disease at the main Syrian potato-growing areas

Place of collection Date of collection

Number of samples

Number of infected samples Disease incidence (%)

by P. infestans

Daraa 25/11/2011 10
Hama 05/11/2014 7
Al Ghab 18/11/2013 14
Latakia 12/11/2014 25
Tartous 10/11/2014 27

83

0 0
6 85.71
10 71.42
4 16
11.11
23 27.71
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Fig. 1 Agarose gel electrophoresis of a PCR assay using ITS3/PINF2 specific primers for detecting P. infestans. M: molecular marker, numbers

from 1 to 22 are fungal isolates, +: positive control

Fig. 2 PCR profile using INF-1 M -

and INF-2 specific primers for

Al mating type of P. infestans. 1000bp

M: molecular marker, numbers

from 1 to 22 are fungal isolates, 500bp

+: positive controls
200bp
100bp

2002; Cooke et al. 2007; Lehtinen et al. 2007). A higher
proportion of A2 mating type has been found in Austria,
Netherlands and Poland (Avendaino Corcoles 2007;
Zwankhuizen et al. 2000; Sliwka et al. 2006). In contrast,
all obtained isolates between 1994 and 2000 in Antioquia
and Colombia were of the Mat-Al (Ramelli et al. 2009).
In southern Germany, the majority of isolates collected in
1995 and 1999 were characterized as Mat-Al (Moller
et al. 2009), and the majority of Polish isolates of P.
infestans were also of the Al mating type (Chmielarz
et al. 2014). The frequency of Al and A2 mating type
may change according to the region, the host plant and the
year. For instance, there was a mating type shift in the
population from predominantly A2 to completely Al in
the period 1994-1997 and the co-occurrence of mating
type was restricted to very few fields in the area around
Los Mochis where tomato and potato crops are grown
(Jaime-Garcia et al. 2001). The Al and A2 mating type
ratio is important to aid in the prediction of the extent of
sexual recombination and thus the risk of long-lived
oospores serving as primary inoculum sources. Our results
showed the only presence of Mat-Al of all P. infestans
isolates that suggests no sexual reproduction, and forma-
tion of oospores can occur in Syria, and the primary
inoculum source of late blight infection under local con-
ditions 1is infected tubers. So, it is highly recommended
that farmers select only healthy tubers and eliminate the
infected ones in order to reduce the risk of consecutive P.
infestans infections.
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