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ABSTRACT  

             During the 2003-2004 and 2004-2005 growing 

seasons, 103 isolates of P. infestans were recovered from  

blighted tomato fields in different governorates   i.e., El-

Gharbia; El-Sharkia; El-Behera; El-Minofia; Alexandria, in 

Egypt. All isolates were characterized for mating types 

where the A1 mating type was prevalent over the surveyed 

governorates. The rare A2 mating type, however,  

constituted 3.2%; 0%; 8.5%; 0%, and 10%, for the previous 

governorates, respectively which was 4.8% of the total 

isolates (103) recovered. The A1 and the A2 mating types 

colonies were of white fluffy appearance with densities. The 

A2 isolates, however, exhibited the so called “Lumpy 

phenotype” where small lumps of aggregated hyphae were 

occurred. The A2 mating type isolates were more aggressive 

than the A1 mating type isolates. Mean radial growth and 

sporulation of the A2 isolates on Rye-A medium as well as 

the time to necrosis, time to sporulation, lesion extension 

rate, and sporulation on tomato cv. Super Strain were 5.0 

mm/day, 23.2 x10
4
/plate, 37.7 h., 61.8 h., 3.9 mm/day, 835 

sporangium/cm
2
 of the infected area, respectively. This 

compared to 3.7 mm/day, 20.0 x10
4
/plate, 42.3 h., 68.2 h., 2.5 

mm/day, 591 sporangium/cm
2
 of the infected area for the A1 

mating type isolates. The isolates were, almost, totally 

monomorphic at the Gpi-1 locus of Glucose-6-phosphate 

isomerese. Ninety eight of the total 103 isolates tested were 

homozygous of the genotype Gpi-1 100/100 while only five 

isolates were heterozygous of the genotype Gpi-1 86/100. 
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More variations were identified for Peptidase at the Pep-1  

locus. Nineteen isolates were heterozygous of the genotype 

Pep-1 92/100 while 84 isolates were homozugous of the 

genotype Gpi-1 100/100. The amount of variations identified, 

in the present study, revealed that the Egyptian tomato 

isolates of P. infestans was largly asexual. However, in some 

localities i.e., El-Gharbia; El-Behera governorates, sexual 

reproduction was probably occurring as a relatively higher 

diversity was revealed. The findings did not support the host  

specialization  hypothesis  and  the so called “potato  race 

and  tomato race” of  P. infestans.           

Keywords: P. infestans, Egypt, tomato, pathogenicity, mating type, isozymes. 

 

INTRODUCTION 

             Research on the devastating late blight disease of potato 

(Solanum tuberosum L.) and  tomato (Lycopersicon esculentum Mill.) 

caused by the oomycetous fungus P. infestans (Mont.) de Bary (De 

Bary, 1876), is as old as the science of Plant Pathology. Late blight on 

potato was first reported in USA in 1843 and in 1845 was directly 

responsible for the great blight epidemic in Ireland and the Irish potato 

famine (Ristaino, 2002). Late blight on tomato was first described in 

1840 by Payen (1847). Then, It has been reported from every tomato 

growing region in the world and has become one of the major diseases 

of the crop (Erselius et al., 2001).The understanding of genetics and 

genetic diversity of P. infestans population is considered a vital 

consideration in elucidating the disease epidemiology and could be a 

strategy for devising a stable disease management (Flier et al., 2003). 

The first record of pathogenic variability in P. infestans was by 

Giddings and Berg (1919) who found that isolates from potato were 

pathogenic only on potato, whereas isolates from tomato were 

pathogenic on both potato and tomato. This was the basis of the host 

specialization hypothesis and the so called “ potato race “ and “tomato 

race” of  P. infestans (Wilson and Gallegly, 1955). Later, several 

studies (reviewed by Erwin, 1983) were conducted to characterize 

variation in populations of P. infestans using the morphological and 

pathological characteristics. The identification of two sexually mating 
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groups designated by Gallegly and Galindo (1958) the A1 and A2 

mating types was the begining of the genetics history of P. infestans 

(Shaw, 1991). Mating type was used as a tool and a genetic marker for 

characterizing P. infestans populations (Peters et al., 1998; Mukalazi 

et al., 2001; Mazakova et al., 2004). The characterization of the 

isozymes as a molecular genetic marker was the start of the most 

recent period of the genetics of P. infestans ( Shaw, 1991). Isozyme 

term was coined by Markert and Moller (1959) to describe different 

molecular forms of of an enzyme that catalyse the same reaction. 

Isozymes (or as referred to the isoenzymes) of different allels specified 

by a single gene at the same isozyme locus were called “allozymes”. 

Tooley et al. (1985) were the first to assay 39 enzymes in mycelial 

isolates of P. infestans. Polymorphism, which indicated isozymic 

groups, were identified for thirteen enzymes; two of which glucose-6-

phosphate isomerase (GPI) and peptidase (PEP), showed sufficient 

polymorphism and resolution to provide useful isozyme genetic 

marker. Isozymes were found to be a an ideal tool to describe and to 

reveal  divergence within and between populations of P. infestans and 

the relationship between each other (Peters et al., 1999; Deahl 2000; 

Ramsey et al., 2005) The present study therfore was conducted to 

apply such genetic markers and other morphological and pathological 

characteristics to (i) characterize the genetic structure of the Egyptian 

population of tomato isolates of P. infestans, (ii) describe and evaluate 

the amount of divergence exsisted, (iii) reveal the relatedness between 

the tomato population of P. infestans in Egypt and populations of P. 

infestans around the world. 

 

MATERIALS AND METHODS 

Sampling, isolation, and maintenance: 

          During the 2003-3004 and 2004-2005 growing seasons, blighted 

tomato plants and fruits were sampled from different governorates (El-

Gharbia, El-Sharkia, El-Behera, El-Minofia, and Alexandria) in Egypt. 

Infected stem and leaf portions were placed in petri dishes lined with 

moist filter paper and incubated in darkness at 18 0C for 1-2 days. 

Once sporulation was evident, a small piece of rye-A medium (Caten 
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and Jinks, 1968) was wiped over sporangia to pick up few sporangia 

and directly transferred onto rye-A plates. Meantime, blighted  tomato 

fruits were split open and pieces of the internal discolored tissue were 

plated on rye-A amended with antibiotics (nystatin at 25 ug/ml; 

vancomycin at 100 ug/ml; rifampicin at 20ug/ml). The plates were 

incubated in darkness at 18 0C for 5-7 days and examined for P. 

infestans colonies. A single isolate was corresponded to a single 

separate lesion. Isolates were maintained on rye-A and for short time 

storage were stored under sterilized mineral oil. 

Mating type analysis: 

           Mating type of all the recovered tomato isolates of P. infestans 

was analyesd using tester isolates of known mating type according to 

Peters et al. (1998). Unknown field isolates were paired on rye-A 

plates against each of the A1 and A2 tester isolates using mycelial 

plugs (5-mm diameter) placed 2 cm apart and incubated at 18 0C in 

darkness. Oospore formation with one tester indicated that the isolate 

was of the opposite mating type. The tester isolates were kindly 

supplied by D. S. Shaw, University of Wales, UK.        

Colony characteristics: 

          Ten isolates representing both mating types, the two seasons of 

the study, and the different surveyed governorates were randomly 

chosen and tested. Rye-A plates were concentric inoculated with 

single plugs (5-mm diameter) of 7-day-old culture of the tested 

isolates. Four replicate plates were conducted for each isolate and 

incubated at 18 0C in darkness. Plates were, then, ivestigated for 

characteristics of the developed colonies ten days after inoculation. 

Growth rate (mm/day) was recorded daily until the plates were full 

while yield of sporangia was determined ten days after inoculation. 

Pathogenicity characteristics: 

           Pathogenicity characteristics as a classic and historic analysis of 

pathogen diversity were investigated. Time from inoculation to the 

first signs of necrosis, Time to from inoculation to sporulation, lesion 

extension rate and yield of sporangia were assessed on the tomato cv. 
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Super Strain using the inoculation of detached leaflets technique 

according to Legard et al. (1995). Seeds of the tomato cultivar were 

obtained from the Seed Department, Ministry of Agriculture, El-Giza.  

Isozyme analysis: 

- All the recovered tomato isolates of P. infestans were analyzed  for 

glucose-6-phosphate isomerase (GPI) and peptidase ( PEP) using the 

starch gel electrophoresis (Shaw and Prasad, 1970) according to 

Tooley et al. (1985). Staining procedure was of Shaw and Prasad 

(1970), as follows: 

-Staining for glucose-6-phosphate isomerase: A stain mixture which 

composed of fructose-6-phosphate (50mg); nicotinamide adenine 

dinucleotide phosphate (10mg); phenazine methosulphate (1mg); 

glucose-6-phosphate dehydrogenase (50 unit); tris-phosphate buffer, 

20% delution (10ml), was prepared. The stain mixture was 

immediately added to the 2% molten agar at 55 0C and the mixture 

was poured over the gel to cover it completely. The gel was incubated 

at the room temperature (18-20 0C) and bands usually appeared within 

10 mins. All the chemicals were sigma products. 

-Staining for peptidase: A stain mixture composed of L-aminoacid 

oxidase (10mg); O-dianisidine (10mg); peroxidase (15mg); Glycyl-1-

leucin (40mg); MgCl2, 0.1M, (1ml); phosphate buffer, pH 7.5, (20ml), 

was prepared. The stain was immediately added to 2% molten agar at 

55 0C and the mixture was poured over the gel to cover it completely. 

The gel was, then, incubated at 37 0C where bands usually appeared in 

1-2 h. 

          Allelic and genotypic identification: Bands were described in 

terms of their relative mobilities and allels were named according to 

the allelic nomenclature system of Tooley et al. (1985) as shown in 

Fig. (1) using standard isolates supplied by D. S. Shaw, university of 

Wales, UK.  
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Fig. (1): Electrophoretic phenotypes and allelic designation based on the  

               relative electrophoretic mobilities. The most common allel was  

               designated 100. This unite distance represent the migration  

               distance of this allel. Other alleles were then assigned a  

               numerical value representing their mobility relative to this  

               unite distance. 

Statistical analysis: The obtained data were statistically analysed 

according to Gomez and Gomez (1984) on the Costat Software, USA. 

 

RESULTS 
 

Mating type of tomato isolates of  P. infestans. 
 

          Data presented in Table (1) revealed that the A1 mating type 

was occurred in all of the five governorates surveyed (El-Gharbia, El-

Sharkia, El-Behera, El-Minofia, and Alexandria) in Egypt. It 

constituted 47 and 51 out of the 49 and 54 isolates recovered in the 

2003-3004 and 2004-2005 growing seasons, respectively. The A2 

mating type, however, was detected in only three governorates over 

the study i.e., El-Gharbia, El-Behera, and Alexandria. In the first 

season of 2003-2004, only one A2 isolate was detected in El-Gharbia 

governorate and one more A2 isolate was detected from El-Behera 

governorate. In the second season (2004-2005), two A2 isolates were 
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recovered from El-Behera and one more isolate from Alexandria. 

While no A2 isolates were detected in any of El-Sharkia or El-

Minofia governorate. Hence, percentages of the A2 isolates were 

3.2%, 0%, 8.5%, 0%, and 10.0% for El-Gharbia, El-Sharkia, El-

Behera, El-Minofia, and Alexandria, respectively, which is 4.8% of 

the total (103) isolates recovered over the study (Table 1). 

 

 
Table (1): Frequency of A1 and A2 mating types in tomato isolates of         

                   P. infestans recovered during  the 2003, 2004, and 2004-2005  

                   growing seasons from different governorates in Egypt.  

 
Season  

 
Governorate 

2003-2004 2004-2005 Total  
% of A2 
isolates*           

A1           
 

 

A2 
 

A1           
 

A2 
 

A1           
 

A2 

El-Gharbia 16 1 14 - 30 1 3.2 
El-Sharkia 9 - 5 - 14 - 0 
El-Behera 12 1 20 2 32 3 8.5 
El-Minofia 10 - 3 - 13 - 0 
Alexandria - - 9 1 9 1 10.0 

Total 

47 2 51 3 98 5 

4.8 
49 54 103 

* 
 
Percentage of A2 isolates /Total number of isolates recovered. 

Colony characteristics of tomato isolates of P. infestans. 

           Both the A1 and A2 mating colonies on rye-A medium 

exhibited white fluffy appearance with different densities. The A2 

isolates, however, exhibited the lumpy phenotype where small lumps 

of aggregated branched hyphae were occurred (Fig. 2). Lumpy 

phenotype was a stable character although less lumpy and non-lumpy 

somatic segregation have occasionally occurred. Radial growth rate of 

the A1 mating type isolates  ranged between 2.1 mm/day and 5.2 

mm/day, while sporulation was 14.6-23.7 x10
4
/plate with means of 

3.7mm/day and 20.0 x10
4
/plate, respectively. This compared to 3.7-

6.1 mm/day and 17.4-31.8 x10
4
/ plate for the A2 mating type isolates 

with means of 5.0 mm/day and 23.2 x10
4
/plate, respectively (Table 2). 
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Fig 2: Colony morphology of A1 and A2 mating type isolates of P.  

 infestans recovered from blighted tomato plants during the 

2003-2005 growing seasons from different governorates in  

Egypt. Note the lumpy phenotype of the A2 mating type, 

isolate, 9/2005. 

Table (2): Colony characteristics of tomato isolates of P. infestans  

                    recovered  during the 2003-2005 growing seasons from  

                    different governorates in Egypt. 

Isolate 

Code No. 

Location 

& 

Governorate 

Mating 

Type 

Radial 

Growth 

(mm/day) 

Yield of 

sporangia 

(x104/plate) 

1/2003 Sleem/G A1   3.2±1.6* 23.7±4.1 

2/2003 Gafaria/S A1 2.1±1.3 17.9±2.8 

3/2004 Tala/M A1 4.3±1.9 14.6±2.7 

4/2004 Apis/A A1 3.8±1.4 21.4±4.1 

5/2005 Kafr-D./B A1 5.2±2.1 22.5±3.6 

Mean 3.7 b 20.0 a 

6/2003 Khalifa/G A2 3.7±2.7 19.4±3.1 

7/2004 Geddia/B A2 5.7±2.6 26.2±3.6 

8/2004 Sabkha/B A2 4.9±2.1 31.8±5.4 

9/2005 Geddia/B A2 6.1±2.8 21.6±3.9 

10/2005 Apis/A A2 4.9±2.6 17.4±3.1 

Mean 5.0 a 23.2 a 

Cal.65 

(control) 
USA A1 5.2±2.5 26.3±4.8 

Mean 4.3 21.6 

            Assessment based on  five replicates of rye-A plates.    * Standered deviation.  
   G = El-Gharbia, S = El-Sharkia,  M =El-Minofia, A =Alexandria, B = El-Behera. 
   Means followed by the same letter in the same column are not significantly 

different at p= 0.05. Cal.65 is a standered tomato isolate obtained from P. infestans 
Lab. University of Wales UK and used as a control. 
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Pathogenicity characteristics:  

           The recovered P. infestans isolates tested were all pathogenic to 

the cv. Super Strain of tomato. The isolates, however, varied in the 

pathogenicity characteristics (Table 2). Time to necrosis for the ten 

tested isolates ranged between 32.8 and 49.7 hours on tomato leaves, 

while sporulation was occurred 52.6-72.8 hours after inoculation. 

Lesion extension rate ranged between 1.9 mm and 4.7 mm/ day. While 

yield of sporangia ranged between 273 and 1062 /cm 2 of the infected 

area. The A2 mating type  isolates, however, seemed to be more 

aggressive than the A1 mating type isolates. Time to necrosis, time to 

sporulation, and yield of sporangia for the A2 isolates were in the 

range of 32.8-43.6 h.;52.6-68.4 h; 2.3-4.7 mm/day; and 536-1062/cm2, 

with means of 37.7h., 61.8 h., 3.9 mm/day, 835 sporangium/cm2, 

respectively. This compared to 34.9-49.7h.; 61.5-72.8h.; 1.9-

3.1mm/day, and 273-785/cm2, with means of 42.3 h., 68.2 h., 2.5 

mm/day, 591 sporangium/cm2,  respectively, for the A1 mating type 

isolates (Table 3). 

 Table (3): Pathogenicity and pathogenicity characteristics of tomato   

                    isolates of P. infestans recovered during 2003-2005 growing  

                    seasons from different governorates in Egypt. 

Isolate 
Code No. 

Mating           
type 

Pathog 
enicity 

 
Time to 
necrosis 
(hours) 

Time to 
sporulation 

(hours) 

Leasion 
extension 
(mm/day) 

Yield of 
sporangia  

(/cm
 2
)

a
 

1/2003 A1 + 37.7±3.2
b
 72.8±5.3 2.6±1.1 694±183 

2/2003 A1 + 46.2±5.6 61.5±4.2 1.9±0.8 785±235 

3/2004 A1 + 34.9±4.4 65.5±6.2 2.2±0.9 687±252 

4/2004 A1 + 49.7±6.2 70.1±6.7 3.0±1.6 518±198 

5/2005 A1 + 43.3±5.4 71. 2±5.4 3.1±1.7 273±111 

Mean 42.3 a 68.2 a 2.5 b 591 b 

6/2003 A2 + 34.7±3.8 66.3±4.8 4.7±2.1 961±382 

7/2004 A2 + 32.8±5.1 59.3±5.1 3.9±1.9 862±271 
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8/2004 A2 + 39.1±4.3 62.5±3.8 4.5±2.9 755±266 

9/2005 A2 + 43.6±5.4 68.4±5.6 2.3±1.5 1062±296 

10/2005 A2 + 38.7±3.7 52.6±4.5 4.1±2.2 536±175 

Mean 37.7 a 61.8 a 3.9 a 835 a 

Cal65 
(control) A1 + 39.8±4.3 66.2±4.4 4.3±1.8 932±239 

Mean 40.0 65.0 3.2 713 

Assessment based on five replicates. 
a
 Mean number of sporangia per 1-cm

 2
 of 

infected plant leaflet.  
b 

Standard deviation.  + = Pathogenic. Means followed by the 
same letter in the same column are not significantly different at p= 0.05. 

  

Genotypic and allelic characterization. 

  1-Glucose-6-phosphate isomerase: 

           Two genotypes were identified in the analysed Egyptian tomato 

isolates of P. infestans (Fig. 3).  The Gpi-1 100/100 genotype was 

occurred in all the governorates surveyed and in both mating types 

(Table 4). It constituted 98 isolates out of the 103 analysed. The 

heterozygous Gpi-1 86/100 was occurred at much lower frequency. It 

was detected in five out of the 103 isolates analysed. Three of these 

heterozygous isolates were of A2 mating type while the other two 

isolates were of the A1 mating type. The Gpi-1 100 allel was occurred 

in all the 103 analysed isolates in both the homozygous and 

heterozygous genotypes while the Gpi-1 86 allel was occurred in only 

five isolates out of the 103 analysed and in the heterozygous genotype 

Gpi-1 86/100  (Table 4).    
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Fig. 3:  Electromorphic phenotypes of Glucose-6-phosphate  

                    isomerase showing the homozygous Gpi-1 100/100 and  

                    the heterozygous Gpi-1 86/100 genotypes identified in the  

                    Egyptian tomato isolates of P. infestans using starch gel  

                    electrophoresis. * Standard isolates . 

 

2- Peptidase: 
 

        Two genotypes were identified for peptidase in the analysed 
tomato isolates (Fig. 4). The homozygous genotype Pep-1 100/100 
was detected in all governorates surveyed, in both of the two seasons 
of the study, and in 84 isolates out of 103 isolates analysed. The 
heterozygous Pep-1 92/100 (Fig. 4) also occurred but in nineteen out 
of the 103 isolates recovered. Two of these heterozygous Pep-1 
92/100 were of A2 mating type, while the other seventeen isolates 
were of the A1 mating type. The Pep-1 100 allel was occurred in all 
the 103 isolates analysed, while the Pep-1 92 allel was occurred in 
only19 isolates (Table 5).     
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Fig. 4: Electromorphic phenotypes of peptidase showing the  

                    homozygous Pep-1 100/100 and the heterozygous Pep-1  

                    92/100 genotypes identified in the Egyptian tomato  

                    isolates of P. infestans using starch gel electrophoresis. 

* Standard isolates . 

Table (4): Genotypic and allelic frequency of glucose-6-phosphate  

                     isomerase of tomato isolates of P. infestans recovered  

                     during  the 2003-2005 growing seasons from different  

                     governorates in Egypt. 
 

              
Governorate 

Genotypic frequency Total allelic frequency 

Gpi-1 86/100 Gpi-1 100/100 
Gpi-1 86 Gpi-1 100 

A1 A2 A1 A2 

El-Gharbia            - 1 30 - 1 31 

El-Sharkia - - 14 - - 14 

El-Behera 2 1 30 2 3 35 

El-Minofia - - 13 - - 13 

Alexandria - 1 9 - 1 10 

Total 
2 3 96 2 

5 103 
5 98 
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Table (5): Genotypic and allelic frequency of peptidase in tomato  

                     isolates of P. infestans recovered during  the 2003-  

                     2005 growing seasons from different governorates in  

                     Egypt. 
 

Governorate 

Genotypic frequency Total allelic frequency 

Pep-1  92/100 Pep-1 100/100 
Pep-1  92 Pep-1  100 

A1 A2 A1 A2 

El-Gharbia            7 - 23 1 7 31 

El-Sharkia - - 14 - - 14 

El-Behera 7 1 25 2 8 35 

El-Minofia 3 - 10 - 3 13 

Alexandria - 1 9 - 1 10 

Total 
17 2 81 3 

19 103 
19 84 

 

DISCUSSION 

Both the A1 and the A2 mating types of P. infestans were 

detected in both of the two growing seasons (2003-3004; 2004-2005) 

of the present study. The A1 mating type, however,  was prevalent 

over the surveyed governorates while the rare A2 mating type 

constituted 4.8% of the total isolates (103) recovered. In view of these 

results,  Mexico is no longer the only place where the A2 mating type 

was ever found. This also supported reports of appearance of A2 

mating type outside Mexico. in Europe, USA, Canada, and other parts 

of the world (Shattock et al., 1990; Bakoni and Ersek, 1997; Peters et 

al., 1998; Jaime-Garcia et al., 2001; Mukalazi, et al., 2001; Mazakova 

et al., 2004). The recent appearance of the A2 mating type outside 

Mexico was explained by Ristaino (2002) as a result of a second 

migration of P. infestans from central Mexico, the probable origin of 

the late blight disease. Evidence supporting this hypothesis was 

revealed in the present study as the only A2 isolates recovered in each 

of El-Gharbia and Alexandria governorates were of unique  A2 Gpi-1 



 

 

 

J.Agric.&Env.Sci.Alex.Univ., Egypt.                        Vol. 4 ( 1 ) 2005 

 
50 

86/100 genotype. This indicated that this strange different isolates 

were recently transferred into these governorates. Occurrence of both 

mating type in Egypt suggestes the possibility of sexual reproduction 

and creation of more aggressive strains (Grunwald et al., 2001; Cook 

et al., 2003) that could constitute a threat to potato and tomato 

cultivation in Egypt. 

Culture of both mating type isolates tested, on rye-A, exhibited 

white fluffy appearance. The A2 isolates, however, exhibited the so 

called “lumpy phenotype” (Shattock et al.,1990). The A2 mating type 

isolates showed more aggressiveness than the A1 mating type isolates. 

Mean radial growth and sporulation, on Rye-A medium, as well as the 

time to necrosis, time to sporulation, lesion extension rate, and 

sporulation of the A2 isolates on tomato cv. Super Strain  were 5.0 

mm/day, 23.2 x10
4
/plate, 37.7 h., 61.8 h., 3.9 mm/day, 835 

sporangium/cm
2
 of the infected area, respectively. This compared to 

3.7 mm/day, 20.0 x10
4
/plate, 42.3 h., 68.2 h., 2.5 mm/day, 591 

sporangium/cm
2
 of the infected area for the A1 mating type isolates. 

This makes the A1 mating type isolates probably the fittest as the 

consumption of the nutrients and accumulation of the metabolites were 

quicker in media for the A2 than the A1 mating type. This could 

explain the prevalence of the A1 mating type isolates worldwide.  

          The amount of variation identified, in the present study, among 

the Egyptian tomato isolates of P. infestans i.e, 4.8% A2 mating type; 

two alleles at the Gpi-1 locus  (86; 100) and two other alleles at the 

Pep-1 locus (92; 100) as well as the cultural and the pathogenicity 

characteristics, indicated that this population is largely asexual. This 

situation is similar to population structure of P. infestans in Europe, 

Japan, USA and Canada and sevaral parts of the world (Tooley et al., 

1985; Shattock et al., 1990;  Fry and Goodwin, 1997; Peters et al., 

1998; 1999; Deahl, 2000; Day et al., 2001; Jaime-Garcia et al., 2001; 

Mazakova et al., 2004). This amount of variation was much lower than 

in central Mexico where sexual reproduction is prevalent. Both mating 

types were occurring in equal frequencies (1:1); seven alleles were 

identified for Gpi-1  i.e., 83; 86; 90; 98; 100; 111; 122, and four alleles 

at the Pep-1 locus i.e., 83; 92; 96; 100 (Tooley et al., 1985; Fry and 

Goodwin, 1997; Grunwald et al.,  2001; Flier, et al., 2003). However, 
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the present study revealed that in two of the surveyed governorates 

i.e., El-Gharbia and El-Behera, a relatively higher diversity for the 

mating type and the isozymes was revealed which may indicate that 

sexual recombination may be occurring in some areas in Egypt. These 

results have to be considered for an efficient management for the late 

blight on tomato in the different governorates in Egypt. 

The relationship between potato and tomato, that is, whether  

or not tomato late blight epidemics are caused by potato strains or vice 

versa, is still not fully resolved. The present study revealed that both 

The A1 and A2 mating types were occurring in the Egyptian tomato 

isolates of P. infestans. Homozygosity and heterozygisity were 

detected at the Gpi-1 and Pep-1 loci with dominance of the 

homozygous Gpi-1100/100 and Pep-1 100/100. These results are quite 

similar to reports of investigated potato populations of P. infestans in 

Egypt and most of the world outside Mexico (Deahl, 2000; Al-

Argawy, 2001; Mukalazi et al., 2001; Mazakova et al., 2004). This 

indicated that the Egyptian population of tomato isolates of P. 

infestans is not a unique colonal lineage different from P. infestans 

populations occurring on potato worldwide which does not support the 

the so called “potato race and tomato race” of  P. infestans identified 

by Wilson and Gallegly (1955). This was in harmony with several 

investigators where the same clonal lineage of P. infestans was 

occurring on both crops (Lebreton et al., 1999; Erselius et al., 2001;  

Jaime-Garcia et al., 2001; Kamoun and Smart, 2005). However, the 

co-existance of two different clonal lineage of different genotypes was 

reported on each crop in Ecuador (Oyarzun et al., 1998), the 

Netherlands (Zwankhuizen et al., 2000), and North Carolina (Groves 

et al., 2002) which supported the host specialization hypothesis of P. 

infestans. This issue is in need for further studies, indeed.  
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 الملخص الغربى

 على الطماطم نفستانزإعشيرة فطر الفيتوفثورا  خصائص

 بجمهورية مصر الغربية
 

 **، أحمد السيد الكورانى*ماهر أحمد الفرنوانى*، الشيخحمد ادمحم 

 0جامعة اإلسكندرية –* قسم أمراض النبات، كلية الزراعة بدمنهور 
 0جامعة اإلسكندرية – سابا باشا** قسم النبات الزراعى، كلية الزراعة 

 
 

جمغي  نباتيا  و ثميار طمياطم مصيابة  3002_  3002في دراسة عليي ميدا اوعيوام 
المتأخرة من محافظا  الغربية و الشرقية و المنوفية و البحيرة و اإلسكندرية حيث  ةبمرض اللفح

علي  كان سائدا  A1، وجد أن الطراز الجنسي  نفستانزإالفيتوفثورا عزلة من فطر  302تم عزل 
( 302زال  )ـميين جمليية الغيي % 3,52مييدا أعييوام الدراسيية بجميييظ المحافظييا  المختبييرة و مثييل

عليي ميدا أعيوام الدراسية و مثيل بنسيبة   A2وكشف  الدراسة عن وجود الطراز الجنسيي النيادر 
ميين إجمييالي الغييزال  و اقتصيير وجييودة علييي ثيياث محافظييا  هييى الغربييية و الشييرقية و  8,4%

عليي بيئية  A2و A1ين المحافظا  الخمسة المختبرة ، تميز  مزارع الطيرازين اإلسكندرية من ب
تميييز  بمييا يسييمى  A2 الييراا بمظهرهييا اوبيييض الكطنييي بكثافييا  مختلفيية إال أن عييزال  الطييراز

Lumpy phenotype  حيث تواجد بالمزارع تجمغا  هيفية كروية مميزة ميكروسيكوبية اليي
( أعليي مين aggressivenessشراسية  ) A2 الطيرازكبييرة الحجيم نسيبيا هأظهير  عيزال  

و  -علي بيئة اليراا -حيث أظهر  مغدل نمو )نصف قطر المزرعة( و تجرثم  A1عزال  الطراز 
الوقيي  الييازم لظهييور البكييظ المولييغية و التجييرثم و مغييدل نمييو بكييظ االصييابة و كمييية الجييراثيم 

 23.3/الطبي  و 32.3X 430م مم/الييو Super Strain2.0 المتكونية عليي صينف الطمياطم  
مييين المسييياحة المصيييابة، عليييى  3جرثومة/سيييم 822ميييم/ الييييوم و 2.5سييياع  و  83.8سييياعة و
ساعة  88.3ساعة و  43.3/ الطب   و x430 30مم/ اليوم و  2.3وذلل بالمكارنة ب  0التوالى

كانيي    A1 0ميين المسيياحة المصييابة لغييزال  الطييراز      3جرثومة/سييم 253مم/اليييوم و  3.2و
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فوسييفا   - 8-ونييزيم جلوكييوز   Gpi-1عييزال  الغشيييرة متماثليية تكريبييا عنييد الموقييظ الجينييي 
عزلة المختبرة بينميا  302عزلة بين ال 58في  Gpi-1 100/100أيزوميريز حيث ساد الطراز 

 Gpi-1كانيي  خمسيية عييزال  فكييط متباينيية اوليييا  عنييد هييذا الموقييظ الجينييى ذا  طييراز جينييي 
ونزيم الببتيديز حيث Pep-1أظهر  الغشيرة تنوع أكثر عند الموقظ الجيني هذا و قد   86/100

عزلية متماثلية 84بينما كان   Pep-1 92/100عزلة متباينة االليا  ذا  طراز جينى 35كان  
هذا الحجم من االختافا  اولح أن عشيرة عزال   Pep-1 100/100االليا  ذا  طراز جينى 

 A1 Gpi-1 100/100  واحيد هيو جينيىإنفسيتانز يسيودها طرازالطمياطم لفطير الفيتوفثيورا 
Pep-1 100/100     تكريبيا، مميا ييدل عليى أنهيا عشييرة الجنسيية أالبيا وأن التكياثر الجنسيى

اليبدو أنة يلغب دورا فغاال فى التنوع الجينى لهذة الغشيرة هذا  إال أن الدراسة أظهير  أن بغيض 
ز  بحجم اكبر من التنوع لغشيرة الفطر بها مما يشير إلى أن البحيرة ( تمي-المحافظا   ) الغربية

هذة الغشائر المحلية اكثر ديناميكية وأن التكاثر الجنسيى ربميا يلغيب دورا فيى التنيوع الجينيى بهيا 
ويجب أن يولظ ذلل فى االعتبار ليد  الكيائمين عليى بيرامم المكاومية، عليى الجانيب انخير  في ن  

تفتكير إليى الطيرز الفرييدة  التيى تميزهيا عين عشيائر الفطير عليى عشيرة عيزال  الطمياطم بمصير 
نباتا  البطاطس مميا الييييد نظريية التخصيص الغيوائلى لفطير الفيتوفثيورا إنفسيتانز وميا أصيطلح 

 علية بساال  البطاطس والطماطم هه إال أنة ربما نحتاج لدراسة اعم  فىهذا الشأنه
 
 

 


