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ABSTRACT

Toxigenicity and virulence of twelve isolates of Ascochyta rabie i (Pass) 

Lab. were studied. A ll isolates produced the phytotoxins solanapyrones A, B and 

C and these compounds explained 70% - 80% of the toxicity o f culture filtrates. 

The toxins were separated and quantified by High Performance Liquid 

Chromatography using an isocratic solvent system developed through application 

of solvent optim ization techniques.

Toxin production was affected by isolate, medium and growth conditions. 

Initially, Czapek Dox nutrients supplemented w ith chickpea seed extract was used 

but later a defined medium, in which various cations were substituted for the 

extract was developed. Zinc was essential for solanapyrone production and a 

concentration of 50mg/l was optimal. Isolate 6K (PUT7) produced the greatest 

total quantity of solanapyrone in the defined medium (solanapyrone A, 2.36mM; 

B, 0.924mM and C, 1.216mM) and isolate TAV the least (solanapyrone A, 

0.201 mM; B, 0.012mM and C, 0.009mM).

Virulence of isolates was tested using cultivars Amdoun, ILC-482 and ILC- 

3279. Isolate 6K was the most virulent and isolate AR-8710 the least. A close 

correlation between the quantity of solanapyrones produced by twelve isolates and 

their virulence was observed, (r  ̂ = 61 %) and when two outliers were ignored the 

value for r  ̂ increased to 82%. This suggests that the virulence of isolates may, at 

least in part, be explained by their ability to produce the solanapyrones. Also, 

sensitivity of cultivars to solanapyrones appears to explain their susceptibility to 

A. rabiei, the most sensitive cultivar being the most susceptible and the least 

sensitive being the most resistant.

Genome organisation of fungal isolates was studied using the Polymerase 

Chain Reaction w ith decamer oligonucleotide primers to identify Random 

Amplified Polymorphic DMA. Although many primers, variations of temperature 

and time regimes as well as concentrations of the constituents of the reaction 

mixtures were tried none gave consistent results.

Attempts to mate isolates of the fungus and produce pseudothecia were 

unsuccessful.
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CHAPTER 1 

INTRODUCTION

1.1 THE CHICKPEA PLANT

1.1.1 Agricultural importance

Chickpea, C/cer arietinum  L. belongs to the family Leguminosae. The 

Leguminosae is the second most important source of plant food, after cereals for 

humans and animals (Anonymous, 1979) and chickpea is the third most important 

legume crop in the world (Van Rheenen, 1991). For the inhabitants of developing 

countries, especially those w ith dietary constraints, legumes constitute the major 

source of protein and amino acids (Mayer, 1976; Malik and Bashir, 1984; Awasthi 

and Abidi, 1985; Singh, 1985; Jokha and Rao, 1987; Dutta et a/., 1988; Khan, 

1990; Dhawan et a/., 1991).

High protein and amino acid content results from the symbiotic 

relationship between the nitrogen fixing bacterium. Rhizobium, and the plant and 

this contributes to the quality of the seed (Rupela and Saxena, 1987; Singh et a/., 

1987; Beck, 1992). Soil quality is improved when the plant material dies, as on 

decay nitrogen is released to the soil. This is particularly important as chickpea 

is frequently cultivated under semi-arid conditions in poor soils (Van der Massen, 

1972; Agrawal, 1988; Khan, 1990).

The seeds are economically the most important parts of the plant mainly 

because of their high protein (20% - 26%) and starch content (Malik and Bashir, 

1984; Birender et a/., 1987; Dutta et a/., 1988; Awasthi et a/., 1991; Khan, 1990; 

Dhawan et a/., 1991; Paredeslopez eta/., 1991). Chickpea seeds are usually dried 

to preserve them and are eaten after processing (e.g. into flour) or after 

rehydration. Not only are the seeds eaten but in some countries the leaves and 

stems are used as a vegetable (Awasthi and Abidi, 1985), although the majority of 

the green material is used as livestock feeds, fresh or dried (Alam, 1989).

The area cultivated world-wide is between 9.7 and 10.8 m illion hectares 

(Van Rheenen, 1991), w ith an average yield of about 710 Kg/ha, giving a total
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production of between 6.0 and 7.7 m illion metric tonnes (Anonymous, 1991). 

About 90% of the total crop produced is in Asia (between 5.4 and 6.9 m illion 

tonnes per annum) and the rest is divided between Europe, North and South 

America, Africa and Australia.

1.1.2 Biology

The chickpea plant grows to a height of 25cm - 50cm (Fig. 1.1) and 

branches prolifically when the sowing rate is low or hardly at all when the sowing 

rate is high (Penaloza, 1987; Saxena, 1987a; Singh A, et a/., 1988). A ll aerial 

parts of the plant are covered with clavate glandular hairs (Fig. 1.2) which produce 

organic acids composed of about 6% oxalic acid and about 94% malic acid 

(Koundal and Sinha, 1983; Fauter and Munns, 1986; Chand et a/., 1988).

The leaf is pseudoimparipinnate (arranged w ith a centrally unpaired 

terminal structure. Fig. 1.3) about 5cm long when mature and yellow  green in 

colour. Leaflets (12-14) are ovate e llip tic or obovate and serrate and when mature 

are about 0.8 - 2.0 x 0.5 - 1.5 mm in size.

The flowers (Fig. 1.4) are typically papilionaceous (Biderbost and Del-Boca, 

1983). They are solitary, emerging on the axillary racemes from a pedicel or 

peduncle ( 6 - 1 3  mm long). Sepals have prominent midribs and are united 

form ing a calyx w ith 5 deep lanceolate teeth ( 3 - 4  mm). Corollas are white, pink 

or blue in colour. The vexillum is obovate, glabrous or sometimes scarcely 

pubescent. Wings are obovate w ith short pedicels, curiculate at the base w ith the 

auricula over the pedicel. A pocket is present in the basal upper position hidden 

by the vexillum. The keel is rhomboid w ith a pedicel.

The androecium is diadelphous consisting of 9 stamens w ith  fused 

filaments and a tenth stamen that is completely free. Stamens facing the petals are 

a little longer than the others. The ovary is ovate w ith 1 - 3 ovules and rarely 4. 

The style is 3mm - 4mm long and glabrous.
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Fig. 1.1 Healthy chickpea plants (C/cer arietinum L.) cultivar ILC-3279
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Fig. 1.2 Glandular hairs on the surface of a healthy chickpea )ka^t,

cultivar ILC-3279
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rig. 1.3 The pseudoimparipinnate leaf structure of a healthy chickpea plant,

cultivar ILC-3279
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Fig. 1.4 Flower structure of a healthy chickpea plant, 

cultivar ILC-3279
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Pods (Fig. 1.5) are swollen, rhomboid oblong or ovate in shape (Biderbost 

and Del-Boca, 1983). Seeds (1 - 2) that develop can be spherical or angular in 

shape (Fig. 1.6). There are two main commercial types referred to as kabuli and 

desi. The kabuli types are grown mainly as a summer crop in the middle east, the 

Mediterranean region and in the Americas. They are distinguished by their seeds 

which are large, smooth and light coloured. Desi types are usually sown as a 

w inter crop in the more tropical areas of Asia. They are smaller than the kabuli 

seeds w ith rougher surfaces which vary in colour from yellow to black (Alam, 

1989). By comparison w ith the Gramineae crops (e.g. wheat), chickpea has been 

neglected and production over the years has stagnated. One reason for this is the 

prevalence of disease (Nene, 1982).

1.2 CHICKPEA BLIGHT

There are many diseases of chickpea. The most serious of them is 

chickpea blight caused by the fungus Ascochyta rabiei Pass. Lab. (Nene, 1982). 

The first recorded report of the fungus was by Passerini in 1867 who named it 

Zythia rabiei (Khune and Kapoor, 1980) because of the unicellular and hyaline 

pycnidiospores. Khune and Kapoor (1980) suggested that owing to the production 

of about 5% bicelled pycnidiospores which is a characteristic of the genus Phoma, 

the fungus be named Phoma rabiei (Pass).

Labrousse (1931) observed the bicelled spores on artificially inoculated 

plants. Lesions on stems, leaves and pods were similar to those on common peas 

caused by Ascochyta pisi, Ascochyta pinodella  and Ascochyta pinocles. As a 

result, he suggested that the fungus should be referred to the genus Ascochyta. 

The Commonwealth Mycological Institute accepted Ascochyta rabiei Pass. Lab. as 

the causal agent of chickpea blight and it is now the name used by the majority 

of workers (Nene, 1982).
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Fig. 1.5 Pods developing after self pollination on a chickpea plant,

cultivar ILC-3279
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Fig. 1.6 Seeds from two cultivars of chickpea, A = cultivar ILC-3279 (desi)

and B = cultivar C-727 (kabuli)
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/A. rabiei has been reported from Australia to Asia, throughout the former 

U.S.S.R. and the middle east, through Europe (Nene, 1982) and in the Americas 

(Kaiser and Muehlbauer, 1984). In all these countries A. rabiei has caused serious 

crop losses. Sattar in 1933 recorded between 25% and 50% crop loss per annum 

during the years 1922 to 1933 in Pakistan. Recently Malik (1983) observed 

between 1978 and 1982 losses of up to 48% whereas Reddy et al. (1983) 

recorded 70% - 80% crop loss between 1980 and 1983. Savulescu et a/., in 1932 

and 1934 observed blight in Rumania and reported that everywhere the host was 

grown the disease would appear. In Greece Sarejanni (1939) and then 

Demetriades et al. (1958) commented that blight was a very troublesome disease 

causing 10% - 20% crop loss and lliadis (1990) commented that it is still a major 

production constraint. Benlloch in Spain during the 1940s observed large areas 

of chickpea destroyed by the disease and Puertaromero (1964) and Cubero (1984) 

both recorded that in areas where chickpea was grown A. rabiei would inflict 20% 

- 100% crop loss. Blight, causing total loss of crops in some areas of the former 

U.S.S.R. was recorded by Nemlienko and Lukashevich (1957) and in Syria, (El 

Mott, 1984) losses of up to 40% were recorded.

In most cases wherever chickpea plants are grown the disease is also found 

(Radulescu et al., 1971; Qureshi, 1984; Bashir and Ilyas, 1984; Gowen et a/., 

1989; Jan and Wiese, 1991). However, in the low lying areas of India and the 

Mediterranean where the temperature is much hotter, the disease does not seem 

to be a great problem (Saxena and Singh, 1987)

1.2.1 Ascochyta rabiei, the causal organism

1.2.1.1 Anamorph

The asexual stage (imperfect stage) is found on live and dead chickpea 

plants. Mycelium of the fungus is hyaline and septate w ith oil globules. Pycnidia 

(Fig. 1.7) are spherical to pear shaped, about 151//m - 252//m X 130/vm - 224/ym 

in size w ith an ostiole (Sattar, 1933) and are covered by thick hyphae which are 

dark and septate.
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Fig. 1.7 Formation of a pycnidium within tissues of a chickpea plant 

(cultivar Amdoun). The pycnidium is stained with cotton blue 

but is normally brown in colour
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Pycnidiospores are hyaline, oval to oblong, straight or slightly bent at one 

or both ends with two small oil globules near the extremities and are about4.8//m  

- 14.0//m X 3.2//m - 5.2//m in size (Sattar, 1933).

The fungus grows well on plants and in artificial media such as oat meal 

or chickpea seed meal agar (Kaiser, 1973; Reddy and Nene, 1979; Alam et a/., 

1987; Nasraoui et a/., 1987). Many workers have found that the optimum 

temperature for growth, pycnidial production and spore germination is around 

20°C and that temperatures below 10°C and above 30°C are unfavourable (Nene, 

1982; Pandey et a/., 1985; Alam et a/., 1987; Nasraoui et a/., 1987; Reddy and 

Singh, 1990b; Trapero-Casas and Kaiser, 1992b). Alternating temperatures either 

in the dark or light caused concentric zones of sporulation to be formed and the 

number of zones corresponds to the number of cycles of alternating temperature 

(Hafiz, 1951). Zones have also been produced artificially on seed pods suggesting 

that the typical concentric rings of pycnidia on chickpea parts are produced by 

fluctuations in atmospheric temperature.

1.2.1.2 Teleomorph

The sexual state (imperfect stage) o i Ascochyta rabiei was first reported by 

Koracervski in 1936 and he named the fungus Mycosphaerella rabiei. He found 

the imperfect stage growing on overwintered chickpea refuse from Bulgaria.

Subsequent reports of the fungus from the former U.S.S.R. (Gorlenko and 

Bushkova, 1958), Greece (Zachos et a/, 1963), Hungary (Kovics et al, 1986) and 

Syria (Haware, 1987), noted that in all cases the teleomorph was found on 

overwintered chickpea debris.

Perithecia are dark brown to black, globose with a perithecial beak and 

measure about 56//m - 82//m X 125//m - 255/ym in size. Asci contain eight 

hyaline ovoid ascospores that are divided into two unequal cells constricted at the 

septum and measuring 13//m - lO fjm  X 5.5/ym - 7.5/ym in size (Trapero-Casas and 

Kaiser, 1992a).

Trapero-Casas and Kaiser (1992a) found that initiation and development 

of pseudothecia (ascocarps) required chickpea plant material and that attempts to 

produce psuedothecia on artificial media (potato dextrose agar, Difco potato
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dextrose agar, chickpea extract agar, malt extract agar, chickpea extract potato 

dextrose agar, water agar and perlite) or on sterilised chickpea debris in field soils, 

were unsuccessful.

Moisture was found to be essential for the development of pseudothecia. 

When moisture was not a lim iting factor, temperatures between 5°C and 10°C 

were optimal for the development of pseudothecia which generally matured in 

about 50 days. They also found that pseudothecial structures developed on plant 

tissue incubated with mixtures of some isolates but not others nor on plant 

material inoculated with single ascosporic isolates. Their findings suggest that the 

fungus is heterothallic (requiring two compatible thalli (mating types) for sexual 

reproduction).

1.2.2 Epidemiology

1.2.2.1 Sources of inoculum

1.2.2.1.1 Infected seed

Infected seed is an efficient method of transporting the pathogen, from 

season to season and from one area to another (Luthra and Bedi, 1932; Sattar, 

1933; Luthra et a/, 1935; Zachos et a/, 1963; Kaiser, 1972; Kumar et a/, 1983; 

Qureshi, 1984; Weltzien and Kaack, 1984; Vishunavat et a/, 1985; Haware et a/, 

1986; Vishunavat and Chaube, 1986; Kaiser, 1987; Maden, 1987; Tripathi et a/, 

1987a, 1987b, 1987c; Kaiser and Hannan, 1988; Porta-Pugla, 1990). Butler 

(1918) was one of the first to report infection of chickpea seed by /\. rabiei, 

describing the development of the pathogen from infected seed to seedlings during 

germination.

Seed infected w ith A. rabiei has been responsible for the introduction of 

the pathogen into several countries or regions in areas that were previously free. 

These include Egypt (Abdel Monem et a/, 1984) Canada (Morral and Mckenzie, 

1974; Tu and Hall, 1984), Australia (Cother, 1977) and the Americas (Kaiser and 

Muehlbauer, 1984).

Extensive damage to chickpea crops from seed infected w ith A. rabiei, 

introduced from commercial and research establishments has been recorded (Derie 

et a/., 1985; Kaiser and Muehlbauer, 1984; Kaiser and Hannan, 1988). Maden et
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al., (1975) detected A. rabiei in 70% of the chickpea seed samples from Central 

Turkey and in Israel, Halfon-Meiri (1970) found seed infection (5% + ) in many 

seed samples. Kumar et a/., (1983) identified 9 fungi from seed samples of which 

4 were pathogenic including rabiei. Maden in 1987 found A. rabiei w ith 11 

other fungi from naturally infected seeds.

Under some conditions (low temperature, low moisture, antagonistic seed 

and antagonistic soil microflora), successful seed transmission can be very low. 

Treatment w ith fungicides is the major practice used to reduce the development 

and transmission o i A. rabiei (Luthra and Bedi, 1932; Satter, 1933; Zachos, 1952; 

Gobelez, 1956; Lukashevich, 1958a; Khachatryan, 1961; Halfon-Meiri, 1970; 

Maden et a/., 1975; Reddy, 1980; Maden, 1983; Bashir and Ilyas, 1984; Bhattim 

et a/., 1984; Gaur and Singh, 1985; Katiyar, 1985; Haware et a/., 1986; Tripathi 

et a/., 1987a; Kaiser and Hannan, 1988; Reddy and Singh, 1990a; Sugha et a/., 

1992).

Seed transmission ensures a random distribution of A. rabiei in a field, 

providing many primary infection foci from which the pathogen may spread, 

depending on the weather and susceptibility of the crop. In an area w ith a climate 

highly favourable to blight development, the pathogen can spread very rapidly 

from few infected seeds (Kumar et a/., 1983; Maden, 1983; Derie et a/., 1985; 

Haware et a/., 1986; Maden, 1987; Kaiser and Hannan, 1988; Porta-Puglia, 1990).

The pathogen survives adverse environmental conditions for long periods 

both internally and externally on infected chickpea seed. Sattar (1933) 

demonstrated that conidia smeared on the surface of chickpea seed survived five 

months at 25°C - 30°C, w ith a germination rate of about 50% and when the seeds 

were planted many emerging seedlings were infected.

Maden et a/., (1975) observed that spores of A. rabiei washed from heavily 

infected seeds and stored between 2°C and 5°C for 14 months germinated.

Tripathi et a/., (1987b, c and d) tested seeds stored at 5°C - 10°C for 14 - 

15 months and 20°C - 30°C for 10 - 12 months and found that the fungus 

survived both treatments. Exposing the infected seeds to temperatures of 55°C or 

to direct sunlight only reduced the recovery of the fungus slightly w ith the 

deleterious side effect of decreasing germination of the seed by more than 50%.
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1.2.2.1.2 Infested debris

Luthra et a/., (1935) were the first to report the importance of infested 

debris in the survival of A. rabiei. They found the fungus colonized chickpea 

refuse after harvest and survived for more than two years on the soil surface. 

Lukashevich (1958b) in the former U.S.S.R. observed that the pathogen developed 

as a saprophyte on chickpea debris and by the fo llow ing spring the tissues were 

heavily infested. Zachos et a/., (1963) noticed that infested debris left in the field 

for two years were covered w ith pycnidia and pseudothecia containing viable 

spores.

In Iran, Kaiser (1973) found that the pathogen survived over two years in 

naturally infested chickpea refuse in the laboratory. In the field the fungus 

survived on chickpea debris for twelve months or more at temperatures of 

between 10°C - 35°C and at relative humidities of 30% or less.

However, Luthra et a/., (1935), Nene and Reddy, (1987) and Kaiser (1973) 

all found that the fungus did not survive long on chickpea debris when buried in 

the soil.

1.2.2.2 Dissemination of inoculum

In moist weather conidia of /\. rabiei ooze from the pycnidia in a 

gelatinous matrix (Fig. 1.8). Free moisture is necessary to dissolve this matrix and 

free the spores which may be washed or splashed from plant to plant or scattered 

in water droplets. Pseudothecia containing 2-cel led, hyaline ascospores that 

develop in asci, protrude through the opening of the pseudothecium (or ostiole) 

during wet weather and forcibly discharge their ascospores into the air (Kaiser, 

1987; 1992).

Both types of spores require rain splash and w ind for dispersal. Splash 

dispersal of conidia usually occurs over short distances although a combination of 

rain splash w ith a strong wind may spread spores over considerable distances 

(Ingold, 1978). Zachos et a/., (1963) observed that when rainfall was not 

accompanied by w ind, the disease spread in circles. But in the presence of w ind- 

driven rain, the disease spread in the direction of the wind.
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Fig. 1.8 Pycnidiospores oozing from a mature pycnidium within tissues 

of a chickpea plant (cultivar Amdoun). The pycnidium and 

pycnidiospores are stained with cotton blue
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Ascospores are designed to be carried on moisture-laden w ind and may 

be blown some distance (up to 8 Km) therefore spreading the fungus faster and 

over greater distances than conidia (Kaiser and Muehlbaner, 1984).

Sattar (1933) and Luthra et al. (1935) observed that infected tissues from 

diseased plants could be blown in the wind for hundreds of meters and infect 

healthy chickpea plants during wet weather.

Cakar and Disney (1991) showed that the leaf mining scuttle fly {Dipter 

phoridae) carried viable spores either undigested or on the exoskeleton and could 

act as a vector.

1.2.3 Mode of infection

Conditions of high humidity are essential for the germination of A. rabiei 

spores (conidia and ascospores) when they land on the host (Hohl et a/., 1990). 

Both Pandey et al. (1987) and Hohl et al. (1990) observed that spore germination 

occurs between 12 and 48 hours depending on climatic conditions.

The germ tubes that develop, secrete copious quantities of mucilaginous 

exudate. The exudate aids in the attachment of the fungal cells to the surface of 

the host and protects the germ tube from desiccation and other lim iting 

environmental conditions (Gold and Mendgen, 1984). Gold and Mendgen, (1984) 

suggested that the exudate could also function as a reservoir for enzymes and 

toxins.

Pandey et al. (1987) did not notice appressorium development. However 

Hohl et al. (1990) observed appressoria above the site of penetration. Both 

authors observed fungal penetration occurred between the anticlinal walls of 

epidermal cells but they did not see the fungus intracellularly. Enzymes are 

thought to be involved in the penetration process, such as cellulase, proteases and 

pectinases (Hohl et a/., 1990).

In resistant and susceptible cultivars, Hohl et al. (1990) observed localised 

necrotic spots developing on the leaves and suggested that the germinating spores 

could be secreting substances that e licit biochemical reactions in the host tissue 

causing a hypersensitive reaction. They noted that in the resistant cultivars, cells 

were dying around the site of penetration and proposed that synthesis and
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secretion of antifungal compounds and enzymes were occurring in response to 

fungal enzymes or toxins.

1.2.4 Symptoms

Chickpea blight appearance and spread is closely related to climatic 

factors. A ll aerial parts of the plant are attacked by the fungus (Fig. 1.9) at all 

stages in the plant's life cycle. The initial symptoms of the disease are loss of 

turgidity and epinasty of the petioles, leaflets and young branches (Fig. 1.10). On 

stems, leaves and pods, small water soaked spots appear which become necrotic 

and darken with time. Eventually lesions develop (Fig. 1.11). Concentric rings of 

pycnidia form w ithin the lesions. When lesions girdle stems and branches, 

breakage can occur and distal parts senesce (Fig. 1.12). Pods infected w ith the 

fungus usually produce no seed or the seeds are black and shrivelled w ith many 

lesions.

1.2.5 Alternative hosts of A  rabiei

Kaiser (1992) found that A. rabiei and Mycosphaerella rabiei have 

alternative hosts. The fungus was isolated from Amaranthus albus, Convolvalus 

arvense, Descurainia sophia, Calium aparine, Lamium amplexicaule, Lens 

culinaris, Medicago sat/Va, Pisum sativum, Solanum nigrum, Thiaspi arvense and 

Triticum aestivum. Montorsi et a/. (1992) also found the fungus developing on 

berseem clover seeds.

The possibility of inoculum from alternative hosts would mean that an area 

cleared of chickpea debris infected w ith A. rabiei would not necessarily be free 

of the pathogen and subsequent plantings of chickpea could become infected. 

Since the teleomorph stage can also develop on alternative hosts (Montorsi et a/., 

1992 and Kaiser, 1992) and on chickpea debris, the generation of new virulent 

isolates or races of A. rabiei is a strong possibility.
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Fig. 1.9 Chickpea plants (cultivar Amdoun) infected with an isolate of

Ascochyta rabiei (isolate 6K).
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Fig. 1.10 The diseased leaves, branches and stems of a chickpea plant

(cultivar Amdoun) infected with an isolate of Ascochyta 'abiei

(isolate 6K)
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Fig. 1.11 Diseased leaves of a chickpea plant (cultivar Amdoun) infected 

w ith an isolate of Ascochyta rabiei (isolate 6K)
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Fig. 1.12 Breakage of the stem caused by girdling. Chickpea plant

(cultivar Amdoun) infected w ith an isolate of Ascochyta rabie i

(isolate 6K)

38



1.2.6 Races of A  ra6/ef

Introduction of resistant cultivars followed by their susceptibility in a short 

time, suggests that aggressive isolates of A. rabiei exist (Alam, 1989). Many 

workers have indicated from results obtained by studying isolate symptomatology, 

pycnidial formation on the host and pathogenic behaviour of the isolate against 

several chickpea cultivars under controlled conditions that races may exist. 

However many other workers maintain that races do not exist but the isolates are 

just more or less aggressive.

In Pakistan, Qureshi and Alam (1984) inoculated fungal isolates differing 

in morphological and cultural characters onto chickpea varieties and concluded 

from these characteristics that several pathogenic races may occur. Reddy and 

Kabbabeh (1985), Porta-Puglia (1990) and Reddy and Singh (1990b) analyzed 

many isolates of the fungus in Syria and Lebanon and found that at least 6 races 

could be distinguished by how aggressive they were. Jan and Wiese (1991) in the 

U.S.A. investigated the virulence of local A. rabiei isolates on different chickpea 

lines and found the population of the pathogen in the Palouse area could be 

attributed to 3 - 4 races.

In Reading, Gowen et al. (1989) collected seeds from all over the world 

and tested them under uniform growth room conditions. They found that in 

general, differences in pathogenicity were attributed to variation in aggressiveness. 

These authors suggested that races probably do not occur and that isolates are 

more or less aggressive.

A large degree of confusion over this issue is caused by the scale used for 

rating symptoms. The 1-9 rating scale (Singh et a/., 1981) used by the majority of 

workers, although a necessity for screening large numbers of plants is prone to 

operator error, particularly as no key exists (Riahi et a/., 1990). Tolerant reactions 

(4 on the 1-9 scale) and intermediate reactions (5 and 6 on the 1-9 scale) are 

transition classes and can be grouped in the resistant or susceptible category 

according to the author. Similarly the distinction between aggressive and non- 

aggressive isolates, especially ones that are on the border between two 

classifications, is very fine. A change from one class to another can dramatically
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affect the interpretation of studies depending on whether the interactions are 

classified as 4, 5 or 6.

Riahi et al. (1990) developed a more sensitive system which clearly 

separated resistance from susceptibility. The linear infection index (Li!) was based 

on a quantitative measurement of the disease expression on plants and was more 

accurate than the percentage of infected area estimated visually using the 1-9 

scale. Numbers of lesions, their average and total lengths and the Li! were used 

to establish a quantitative scale. Distribution frequency of the number of lesions, 

average and total lengths of lesions and the LI I showed that the latter best 

described the reaction of chickpea plants to /\. rabiei. Also being a ratio, it was 

insensitive to the high genotypic variation among chickpea genotypes in terms of 

stem length and diameter, which was not accounted for in the 1-9 scale.

Most workers agree that international co-operation is needed to define 

suitable standard testing techniques in order to clearly differentiate between 

aggressive isolates and races of A. rabiei.

1.2.7 Control of chickpea blight

Ahmad et al. (1949) suggested three procedures to control A. rabiei,

cultural practices, chemical treatment and breeding chickpea plants.

1.2.7.1 Cultural practices

Crop rotation, removal and destruction of dead plant debris and deep 

sowing of seed to prevent infected seed from emerging is one way to decrease the 

amount of inoculum (Sattar, 1933). Luthra et al. (1935) emphasised that

destroying the diseased plant material after harvest decreased the inoculum

concentration. He found that burying debris in moist soil to a depth of at least 5 

cm killed the fungus w ith in a month. These practices would reduce the amount 

of inoculum present. However, w ith the finding that A. rabiei and Mycosphaerella 

rabiei have alternative hosts (Montorsi et al., 1992; Kaiser, 1992) this may not be 

enough to prevent the spread of the disease in subsequent croppings.
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1.2.7.2 Chemical treatment

Many out-breaks of the disease are caused by seed infected w ith A. rabiei. 

This makes seed treatment w ith a fungicide essential in preventing the spread of 

the disease to new areas (Hanounik and Reddy, 1981).

Sattar (1933) and Del Canizo (1972) eradicated A. rabiei by immersing the 

infected seed in one of the oldest fungicides, a 0.5% copper sulphate solution. 

Unfortunately copper residues remain on the seed and in high concentrations are 

toxic to both animals and humans. Zachos (1952) effectively controlled the fungus 

by immersing seed for 2 hours in 0.0005% malachite green. In 1963 he found 

that immersing seed for 12 hours in pimaracin (150/yg/ml) eradicated the fungus 

completely.

Reddy (1980) found calixin M (11% tridemorph and 36% maneb) alone 

or in combination with benomyl (1:1) at 3g/kg, eradicated the fungus from seed. 

Bhattim et al. (1984) also found that calixin M and captan gave 60% eradication 

of the fungus and enhanced germination and seed vigour.

Kaiser and Hannan (1988) found that all the fungicides tested reduced the 

survival of A. rabiei. However, stunting, chlorosis and reduced vigour were 

observed in chickpea plants (especially when treated with a combination of 

imazalil, thiram and thiabendazole).

Foliar application of fungicides on plants infected with A. rabiei, help in 

controlling the severity of the disease. Kovachevski (1936) reduced the severity 

of the disease w ith 3 - 4 sprays of Bordeaux mixture during the growing season. 

Lukashevich (1958a), Askerov (1968) and Radkov (1970) recommended 3% 

colloidal sulphur suspension to control the fungus. V ir and Grewal (1974) found 

that captan at a rate of 1 kg/4001 when sprayed 4 times on the crop during the 

growing season was effective in controlling the disease.

Gaur and Singh (1985) tested 21 fungicides and found that dithianon, 

chlorothalonil, captafol and captan controlled the fungus effectively. Reddy and 

Singh (1990a) found that a regime where chlorothalonil was sprayed during the 

seedling and early podding stage gave the highest cost/benefit ratio for controlling 

A. rabiei.
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1.2.7.3 Breeding of chickpea plants

Genetic resistance is the most attractive method to control the disease. 

Unfortunately, since the first report of the disease by Passerini in 1867, no 

cultivars have been found with complete resistance to the fungus. Luthra et a/. 

(1938) began the work of screening and crossing cultivars for resistance but by 

1963 (Anonymous, 1963) all the original cultivars that had been deemed resistant 

had become highly susceptible.

Many workers over the years have used the technique of hybridising 

cultivars to breed for particular traits in the chickpea plant (Saxena and Singh, 

1987; Saxena et a/., 1990; Kidambi et a/., 1988; Anon, 1989; Singh, 1990; 

Malhotra and Singh, 1991), such as:-

i) resistance to diseases (Filippetti, 1981; Hadjichristodoulou, 1984; Balashov 

and Kulikov, 1987; Singh, 1987; Anon, 1990; Sandhu et a/., 1990; Singh and 

Reddy, 1991).

ii) resistance to nematodes and other insects (Gowda et a/., 1983; Greco, 

1987; Sahoo et a/., 1989).

iii) increased yields (Deshmukh and Bhapkar, 1982; Singh et a/., 1989; 

Acikgoz, 1990; Bouslama eta/., 1990; Sharma et a/., 1990; B ah le ta /., 1991; 

Kumar and Bahl, 1992).

iv) improved seed quality (Sandhu et a/., 1984; Yadavendra and D ixit, 1987; 

Lahiri and Shaikh, 1988; Sanhu et a/., 1989; Bahl and Sharma, 1989).

v) increased efficiency of nodulation (Davis, 1985; Sang et a/., 1986; Sprent 

and Zahran, 1988; Jaiswal and Singh, 1990).

vi) tolerance to temperature (Dahiya et a/., 1987; Singh et a/., 1989; Kamel, 

1990; Malhotra and Singh, 1990; Wery, 1990).

vii) drought tolerance (Saxena, 1987c; Autkar et a/., 1989; Wery, 1990).

v iii) tolerance to saline conditions (Lauter and Munns, 1986; Dutta et a/., 

1988; Saxena, 1987b).

ix) tolerance to mineral deficiency (Saxena et a/., 1990).

But the problem of the evolution of pathogens virulent to the new chickpea 

cultivars remains.
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Most workers agree that an integrated approach to control /A. rabiei is 

needed which would include seed and foliar treatment, crop rotation, deep 

ploughing, resistant cultivars and the use of pathogen-free seed.

1.3 TOXINS

One mechanism by which parasites damage their hosts is the secretion of 

toxins (Strange, 1993). Scheffer in 1983 defined toxins as products of micro

organisms that cause damage to the host's tissue and are known w ith confidence 

to be involved in the disease.

Toxins do not attack the structural integrity of the host tissue as most 

enzymes do but alter the metabolism of the host in some way. Many of the toxins 

are low molecular weight compounds which contribute to the onset of necrosis, 

chlorosis, w ilting  or a combination of these symptoms and sometimes eventually 

to the death of the host.

Toxins that affect plants belong to one of two classes, host selective and 

non host selective (Strange, 1993).

1.3.1 Host selective toxins

Host selective toxins affect only plants that are hosts of the toxin producing 

organism and are normally essential for pathogenicity (Strange, 1993). Many of 

the host selective toxins are produced by Alternaria and Helminthosporium  fungi 

(Strange, 1993).

The first documented claim for a host selective toxin came from the work 

of Tanaka (1933) w ith leaf spot of pear caused by Alternaria kikuchiana. He 

found that, "the fungus free media showed striking virulence to fruits of a 

susceptible variety while no effect was produced on those of a resistant variety". 

The appearance of symptoms of this disease did not always require penetration of 

the host by the causal fungus, suggesting they were caused by a toxic substance 

produced by the fungus. In 1982 the toxic activity of culture filtrates of the pear

pathotype of Alternaria alternata was resolved into a major component AK-toxin

1 and two minor components AK-toxin 2 and AK-toxin 3 and the structures
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deduced from mass spectrometry and nuclear magnetic resonance, infra-red and 

ultraviolet spectroscopy (Nishimura and Kohmoto, 1983).

The A. alternata pathotype that infects strawberries produces three toxins 

(AF-toxins) which are similar to the AK-toxins of the pear pathotype (Nishimura 

and Kohmoto, 1983; Yamamoto et a/., 1984). These compounds produced similar 

disease symptoms when host tissue is treated w ith them.

Culture filtrates of the apple pathotype (A. mali) which caused disease 

symptoms on the host were analyzed and three cyclicdepsipeptide toxins (AM- 

toxins) were isolated (Yu et a/., 1987).

Brown spot of Citrus jam bhiri caused by the rough lemon pathotype of A. 

citri, was shown to produce sesquiterpene toxins (ACRL-toxins) in culture (Kono 

et a/., 1985; Khomoto et a/., 1991).

A. alternata f. sp. lycopersici, the tomato pathogen, produced two 

phytotoxic metabolites in culture which were identified as AAL-toxins (Clouse et 

a/., 1985) and were host selective (Witsenboer et a/., 1988; Bino et a/., 1988; 

Fuson and Pratt, 1988).

Although not an agriculturally important crop, the spotted knapweed is 

also attacked by an A. alternata pathotype that produces maculosin (Stierle et a/., 

1988). The compound was host selective and could be useful in the biological 

control of the weed.

Meehan and Murphy (1947) demonstrated that Helminthosporium  

[Cochliobolus] victoriae produced a toxin in culture filtrates that specifically 

affected oats derived from the cultivar Victoria. The major toxin was identified as 

victorin C some years later (Kinoshita et a/., 1989; W olpert and Macko, 1991).

HS-toxins were isolated from the culture filtrates of H. sacchari and the 

structure elucidated as a terpenoid w ith furano-digalactoside groups (Livingston 

and Scheffer, 1984).

The maize parasite H. carbonum, was found to produce cyclic peptides 

(HC-toxins) in culture (Walton et a/., 1982) which inhibited chlorophyll synthesis 

(Rasmussen and Scheffer, 1988).
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During 1970 - 1971 in the U.S.A., H. maydis race T caused the southern 

corn leaf blight epidemic (Ullstrup, 1972). Recently sesterterpenoids were 

recovered from the culture filtrates (Sugawara et a/., 1987).

Other fungal pathogens that produce host selective toxins include a 

pathogen of barley, Rhynchosporium secaiis, which was cultured and a host 

selective phytotoxin was identified from the culture filtrates as rhynchosporside 

(Sugawara et a/., 1986).

Protein fractions from pathogens that are phytotoxic, have recently been 

isolated from cultures of Pyrenophora tritici-repentis which attacks wheat (Ballance 

et a/., 1989; Tomas et a/., 1990) and Fusarium oxysporum f. sp. lycopersici that 

attacks tomato (Sutherland and Pegg, 1993). Both were shown to be host 

selective.

1.3.2 Non host selective toxins

A great number of fungal non host selective toxins have been characterised 

(Strange, 1993).

1.3.2.1 Non host selective toxins produced by the genus Alternaria

Tentoxin (cyc/o(-l-leucyl-N-methyl-(Z)-dehydro-phenyalanyglycyl-N- 

methyl-L-alanyl-) a cyclic tetrapeptide produced by Alternaria alternata causes 

chlorosis in many plants (Durbin and Uchytil, 1977) by interfering w ith coupling 

factor 1 which is responsible for photosynthetic phosphorylation in the 

photosynthetic process (Klotz, 1988).

Polyketides such as zinniol are produced by several species of Alternaria. 

Cotty and Misaghi, (1985), found zinniol produced by Alternaria tagetica which 

induced symptoms on marigold, cotton, maize, tomato, watermelon and 

sunflower. Deoxyradicinin and 3-epoxy radicinin were found by Robeson and 

Strobel, (1985), and were produced by Alternaria helianthi.

Tenuazonicacid is also produced by the Alternaria species (Vijayalakshmi 

and Rao, 1988) and by Pyricularia oryzae and is thought to inhibit plant growth 

by interfering w ith protein synthesis at the ribosomal level (Lebrun et al., 1988).

The mandarin pathotype of Alternaria alternata produced ACTG-toxins in 

culture filtrates and when tested against a range of citrus fruits they were found to
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be non host specific causing disease symptoms to varying degrees in fruit tissue 

(Gardner et a i,  1986). Kohmoto et al. (1991) found that the toxins caused loss of 

electrolytes from cells.

1.3.2.2 Non host selective toxins produced by other genera

Culture filtrates of Leptosphaeria maculans the causal agent of black leg 

disease of oil seed rape, yields piperazine toxins, sirodesmin PL, sirodesmin C, 

deacetylsirodesmin and deacetylsirodesmin PL (Badawy and Hoppe, 1989). These 

compounds are thought to inhibit cell wall formation (Sjodin et a/., 1988).

Symptoms caused by the Sclerotinia species have been associated w ith the 

production of oxalic acid (Lumsden, 1979; Traquir, 1987). Godoy et a/., (1990) 

produced mutants of Sclerotinia sclerotiorum  which did not produce oxalic acid 

and these were non-pathogenic. The w ild  type and reversants did produce oxalic 

acid and were found to be pathogenic.

Betaenones from Phoma betae (Manulis et a/., 1984) and the structurally 

similar stemphyloxins from Stemphylium botryosum  (Manulis et a/., 1986) both 

possessed the betaketoaldehyde moiety which appeared to be essential in 

conferring biological activity. They are thought to act as siderophores which may 

disturb the iron metabolism of the host (Strange, 1993).

Trichothecene compounds are commonly produced by species of 

Fusarium and have long been recognised as mycotoxins (Strange, 1993). They are 

potent inhibitors of protein synthesis in eukaryotic organisms and may be 

phytotoxic. For example Chang et a/., (1990) found T2 toxin increased electrolyte 

leakage from wheat cells.

A macrocyclic trichothecene, roridin E, was found to be a virulence factor 

in infections of muskmelon by Myrothecium roridum  (Kuti et a/., 1989). Kuti et 

a/., (1989) found that increasing concentrations of roridin E caused an increase of 

electrolyte leakage from melon leaf cells. Roridin A and verrucarin A, also 

macrocyclic trichothecene molecules, when tested on wheat and maize root cells, 

were found to inhibit uptake. This suggested the primary sites of action were 

on the cell membrane.
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Cytochalasins are known to interfere w ith actin formation in all organisms 

(Cooper, 1987). Cytochalasin A and B were produced by Ascochyta 

heteromorpha and were found to affect the development of tomato seedlings. 

Cytochalasin A was the more toxic of the two (Bottaiico et a/., 1990).

Various proteins have been isolated from culture filtrates of fungi. 

Phytotoxic protein lipopolysaccharide complexes (PLPC-toxins), have been 

extracted from the Verticillium  species affecting tomatoes and potatoes (Marling et 

a/., 1986) and cotton (Zhang et al., 1989). Stemphylium botryosum, infecting 

alfalfa and lucerne, was found to produce a few polypeptides in culture (Heiny 

and Gilchrist, 1989; 1991). These caused symptoms on leaves similar to those of 

the pathogen. Treatment of the purified toxins w ith proteinase K resulted in the 

loss of toxic activity.

1.3.3 Toxins isolated and identified from the species Ascochyta

Several toxins have been isolated from species of Ascochyta.

Bertini in 1957 crystallized the toxin ascochitine from culture filtrates of 

A. pis! and which he found also possessed antibiotic properties. Later Oku and 

Nakanisha (1963, 1964) crystallized the same compound from A. fabae.

Tamura et al. (1968) isolated ascochlorin from A. viciae by paper-disc agar 

diffusion. The compound was found to exhibit antibiotic properties. Saski et al. 

(1972) later found A. viciae produced another toxin, ascofuranone, which had 

antibiotic activity.

Ascotoxin was extracted from dried mycelium of A. imperfecta (Suzuki et 

al., 1970) which was identical to decumbin identified from culture filtrates of 

Pénicillium decumbens (Singleton et al., 1958).

A. chrysanthemi produced (+ ) - epoxydon in culture medium (Assante et 

al., 1981) which was previously isolated from Phoma species (Clossi et al., 1966) 

and Phyllosticta species (Sakamura, 1969).

The cytochalasins have been obtained from cultures of Ascochyta. 

Bottai ico et al. (1990) identified seven cytochalasins from A. heteromorpha and 

concluded from assays against bacteria, tomato seedlings and brine shrimp, that 

cytochalasins w ith the [11]-macrocyclic ring were more active than those w ith the
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[14]-macrocyclic ring. Recently cytochalasin D was identified from the culture 

filtrates of one isolate o i A. rabiei (Latif et a!., 1993).

In cultures o i A. cypericola which infects Cyperus rotundus, a compound 

was isolated and identified as cyperine (Stierle et a!., 1992).

Venkatasubbaiah and Chilton (1992) identified hyalosine from cultures of 

A. hyalospora, the fungus which causes leaf spot disease of Lambsquarters.

Solanapyrones A and C were obtained from culture filtrates of A. rabiei 

and were identified by mass spectrometry and nuclear magnetic resonance (NMR) 

spectroscopy. The same compounds were produced by Alternaria solani, the 

causal agent of early blight of potato (Ichichara et a/., 1983).
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1.4 AIMS OF THE PROJECT

Serious losses in chickpea crops and the ability of Ascochyta rabiei to 

overcome resistance in cultivars emphasizes the need to understand the 

mechanisms of susceptibility of chickpea to the fungus. One reason could be that 

the plant is sensitive to toxins produced by the pathogen.

Toxins are one of the significant factors in the development of many 

destructive diseases of plants and may be responsible for pathogenicity or 

virulence (Strange, 1993).

A. rabiei produced three compounds in culture which were identified as 

solanapyrones A, B and C (Alam, 1989; Chen and Strange, 1991). These 

compounds have also been isolated from the fungus Alternaria soiani, the causal 

agent of early blight of potato (Ichihara et a/., 1983).

The aims of the project were therefore as follows:

1) To assess if the solanapyrones are important in disease development

2) To quantify the solanapyrones produced several isolates of A. rabiei.

3) To determine whether virulence is related to toxin production

4) To measure toxin sensitivity using a cell assay

5) To determine whether susceptibility of cultivars is related to toxin sensitivity

6) To separate fu lly  the solanapyrones by HPLC using an optimized solvent
composition

7) To measure susceptibility of cultivars to isolates of the fungus using the Linear 
Infection Index (LI!)

8) To attempt to cross isolates in order to demonstrate the role of toxin 
production in virulence.

9) To use Randomly Amplified Polymorphic DNA (RAPD) in order to detect 
polymorphisms among isolates.
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CHAPTER 2 

GROWTH OF PLANTS AND FUNGAL ISOLATES AND PROOF OF 

KOCH'S POSTULATES

2.1 INTRODUCTION

The symptoms of necrosis and chlorosis such as were observed on 

chickpea plants infected by Ascochyta rabiei, are commonly attributed to the 

production of metabolites by invading pathogens. Anton de Bary in 1866, 

suggested that one reason why parasites damage their hosts could be that they 

secrete toxins into plant tissues. Alam (1989) found that isolates of A. rabiei 

produced two compounds when grown in a medium consisting of Czapek Dox 

liqu id  medium supplemented w ith chickpea seed extract and that these 

compounds affected isolated chickpea protoplasts and plant cuttings. The 

compounds were separated by high performance liquid chromatography (HPLC) 

and identified by nuclear magnetic resonance (NMR) spectroscopy and mass 

spectrometry as solanapyrones A and C.

In order to study the variation in toxin production and pathogenicity, 

Ascochyta rabiei isolates were collected from the main chickpea producing 

countries of the world where the fungus is a problem. To confirm the identity of 

the fungus and to ensure that the cultures supplied were free of other micro

organisms, isolates were inoculated onto chickpea plants. If the fungus developed 

typical disease symptoms and could be re-isolated on artificial medium 

(identification at the pycnidial stage), experiments could be carried out w ith 

confidence. This procedure also complies w ith Koch's postulates.

2.2 MATERIALS AND METHODS

2.2.1 Growth of chickpea

Seeds of chickpea were obtained from Mr H. Halila of the Laboratoire des 

Légumineuses à Graines, Insitut National de la Récherche Agronomique de Tunisie 

(INRAT), Avenue de l'Indépendance, 2080 Ariana, Tunisia and from the

50



International Centre for Agricultural Research in the Dry Areas (ICARDA), P.O Box 

5466, Aleppo, Syria. Seeds of other cultivars were purchased locally. Seed 

material was stored dry at 4°C until needed.

A ll plants were grown in a greenhouse unless otherwise stated. Chickpea 

seeds were first soaked in distilled water at room temperature for 12 hrs. They 

were surface sterilized in 5% sodium hypochlorite for 2 minutes and rinsed in 

distilled water twice. Seeds were sown in 15cm diameter plastic pots (10 plants 

per pot) containing a mixture of Fisons Levington compost number 1 (Fisons, 

Ipswich) and silver sand (Sinclair Horticulture and Leisure Ltd., Lincoln) 1:1.

Plants were grown in a greenhouse at 20°C ±  2.5°C and daylight was 

supplemented w ith mercury lamps for 16 hours per day (yielding an overall light 

intensity of 200/imol m'^s'  ̂ at plant height. Plants were watered w ith distilled 

water (100ml) every 2 days.

2.2.2 Growth and storage of Ascochyta rabiei

A. rabiei was isolated from several chickpea cultivars collected from 

several localities (Table 1).

Isolates were supplied on either chickpea plant material or agar slants. 

Plant material was surface sterilized for 30 - 60 seconds in 5% sodium 

hypochlorite and dried on sterile filter paper (Whatman no.1). Plant pieces were 

placed on two medium, 2% water agar and rose bengal agar (Appendix 1) and 

incubated at 20°C in the dark for 7 days. Mycelium growing from the plant 

material was inoculated onto 2% water agar, rose bengal agar and chickpea seed 

extract agar (Appendix 1).

After subculturing several times to confirm that no other organisms were 

present, the fungus was grown for two weeks on chickpea seed extract agar. 

Isolates supplied on agar media were also subcultured several times.

In order to prepare spore suspensions, colonies were inoculated onto 

chickpea seeds which were prepared by boiling for 30 minutes in distilled water, 

(discarding the liquid) and autoclaving in 250ml conical flasks (15 seeds/flask) for 

20 minutes at 121°C.
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Table 1

Isolate details

Isolate

name/number

Isolated from 

cultivar

Country and 

location

26 N/A Pakistan, Kaghan

28 ILC-6336 Pakistan, Kalurkot

29 1 LG-72 7 Pakistan, Shahwala

39 ILC-200 Pakistan, Tarnab

6K N/A Pakistan, Kaghan

CER N/A Italy, Cerveteri

TAR N/A Italy, Tarquimia

PIE N/A Italy, Pietranera

TAV N/A Italy, Taviano

BAR N/A Italy, Bari

RAC N/A Italy, Racale

AR-8710 PV-60 Spain, Cordoba
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Aftergrowth in the dark at 20°C for 2 - 3 weeks, 30ml of sterile 10% glycerol 

solution was added and the flask agitated for 5 minutes. The resulting spore 

suspension was adjusted to 1 X 10^ spores/ml using a| haemocytometer (Weber, 

England) and stored in ampoules (Nunc, 1.8ml) at either -70°C or in liquid 

nitrogen.

2.2.3 Inoculation of chickpea plants

Cultivar Amdoun was grown as described in section 2.2.1. and the 

plants placed in clear plastic bags to maintain high humidity and to isolate the 

plants from external contaminants.

A spore suspension (section 2.2.1.) was made up to 1 X 10^ spores/ml 

and sprayed onto the plants at a rate of 2ml/plant. The plastic bags were 

sealed and placed in a greenhouse (section 2.2.1.).

After 2 - 4  weeks, infected plant material was collected and the fungus 

reisolated (section 2.2.2.). Identification of the fungus was at the pycnidial 

stage when pycnidia and pycnidiospores could be clearly seen.

2.3 RESULTS

2.3.1 Growth of plants

Plants grew well under greenhouse conditions. At the initial seedling 

stage, overwatering caused death of seedlings and encouraged infection by 

micro-organisms. Very few side branches developed during the growing period 

owing to the high plant density. When plants were left to grow for more than 

6 weeks, flowers and then pods developed.

2.3.2 Isolation and storage of the fungus

Most isolates supplied on agar slants were easy to subculture and grow 

on 2% water agar, rose bengal agar and chickpea seed extract agar (CSE), w ith  

little or no contamination by other organisms. However, isolates AR-8710, 

RAC and TAV did not grow well on the artificial medium and the fungus had 

to be inoculated onto chickpea plants and re-isolated before it would do so.
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A. rabiei isolates supplied infected on chickpea plant material, were 

d ifficu lt to keep free of contamination. Other organisms growing on the plant 

material often grew w ith or outgrew /A. rabiei on the agar media, even when 

the plant pieces were soaked in sterilizing solutions for between 5 and 10 

minutes. Water agar was the most effective medium for isolating/\. rabiei and 

reducing contamination, although some isolates had to be subcultured on water 

agar many times.

Once free of contamination, the fungus grew well on CSE agar, 

producing pycnidia and pycnidiospores after 1 - 2 weeks.

Isolates AR-8101, AR-8302 and AR-8706 from Spain and FOR and ORI 

from Italy could not be freed of contamination or would not grow on any 

media.

A ll single spored isolates flourished on sterilized boiled chickpea seeds, 

covering the seeds w ith in three weeks of inoculation. The presence of free 

moisture at the time of inoculation was essential for the fungus to grow well. 

Numerous spores were collected from the infected seeds by the addition of a 

sterile 10% glycerol solution. This spore suspension could be stored at -70°C 

or in liquid nitrogen and remained viable throughout the project.

2.3.3 Koch s postulate

All fungal isolates which were single spored from either agar slants or 

infected plant material were subjected to Koch's postulate. Most of the isolates 

produced symptoms (i.e. epinasty and chlorotic and necrotic lesions) between 

2 and 4 weeks after inoculation, although isolate AR-8710 required 6 weeks 

to show any significant symptoms. From the infected plants the fungus could 

be re-isolated first on water agar and then CSE agar, w ith identification of A. 

rabiei at the pycnidial stage.

2.4 DISCUSSION

2.4.1 Growth of chickpea plants

All cultivars grew well in the soil mixture under greenhouse conditions. 

Seeds were encouraged to germinate by soaking in distilled water at room
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temperature for 12 hrs, resulting in a germination rate of 95% - 100% as 

compared to direct sowing of the dried seed into the soil (germination rate 

50% - 70%). One reason for this phenomemenon could be that seeds planted 

directly into the soil were attacked by micro-organisms such as bacteria and 

soil fungi. When ungerminated seeds were dug up, they were found to be 

decaying.

Another reason why the soaked seed yielded higher germination rates 

could be because these seeds were surfaced sterilized w ith sodium 

hypochlorite before sowing. Pre-soaking may have helped to reduce fungal 

growth by allow ing fungicide which is coated on the seeds, to penetrate the 

seed during imbibition. However, the fungicide may not affect the bacteria. 

Surface sterilizing may help in reducing the bacteria present on the seed. Both 

treatments therefore aid germination by k illing micro-organisms which 

otherwise might have infected the seed.

Overwatering of seeds and seedlings often lead to infection by other 

micro-organisms. Regular watering but in small quantities reduced infection 

by about 80%.

Plants grew well w ith side branches developing mainly on plants at the 

edge of the pot. When plants were left to grow most reached a height of 

between 30cm - 40cm after 6 weeks. Flowering occurred in mature plants and 

was followed by pod formation, yielding about 1 - 2 seeds per pod.

2.4.2 Isolation and storage of the fungus

Isolates received from other authors were supplied growing on potato 

dextrose agar (PDA). The number of times the fungus had been subcultured 

on this medium after the initial isolation from the plant was not known. 

Isolates RAC, TAV, POR and ORI, which were supplied on PDA slants may 

have become habituated to this medium since they grew well on it but not on 

CSE agar plates. However, when passaged through chickpea plants, isolate 

RAC and TAV were able to grow on PDA, CSE and water agar. In contrast, 

isolate POR and ORI did not infect plants even if they were physically injured. 

It was concluded that subculturing continuously on a particular medium, in
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some way changes the fungus and so another method of storage and 

transportation should be investigated.

Reducing contamination on agar medium especially cultures originating 

from plant material was much more difficu lt to achieve compared w ith 

culturing from agar slants. Other organisms such as Fusarium and Pénicillium  

and an assortment of bacteria were always present. Bacterial contamination 

was reduced by subculturing onto rose bengal agar (RBA) which acts as an anti

bacterial agent. The medium did not inhibit the other fungi present which 

grew faster than the A. rabiei isolates. It was found that water agar (2% agar) 

was the most effective medium in reducing other organisms although some 

cultures were continually contaminated. The disadvantage of this method was 

that cultures often took 4 weeks to grow.

Preparation of spore suspensions using sterilised boiled chickpea seeds 

was the preferred method of inoculum production because the quantity of 

spores produced was higher (equivalent to between 5 and 7 agar plates per 

flask). It was observed that moisture was essential at the time of inoculation 

for fungal growth as was also observed by Kaiser (1987).
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CHAPTER 3

TOXIN PRODUCTION BY ASCOCHYTA RABIEI

3.1 INTRODUCTION

In chapter 2, A. rabiei isolates were shown to cause disease symptoms 

when inoculated on chickpea plants, satisfying Koch's postulates that the 

fungus was the causal agent of chickpea blight.

Alam (1989) found that when isolates of A. rabiei were grown in a 

medium consisting of Czapek Dox liquid medium supplemented w ith chickpea 

seed extract, two compounds, solanapyrone A and C could be identified which 

were toxic to cells of chickpea.

The solanapyrone producing ability of A. rabiei isolates grown in 

Czapek Dox liquid medium supplemented w ith either chickpea seed extract, 

leaf and stem extract and a defined metal cation solution was investigated. The 

three media were chosen to assess the effect of different constituents on the 

quantity of solanapyrone produced by fungal isolates. Incubation conditions 

were varied to optim ize the growth of isolates and maximise solanapyrone 

production. Growth conditions were further investigated using a fermenter.

A medium which would ensure that experiments could be performed 

resulting in reproducible data was desired. This medium would be used to 

compare solanapyrone production between isolates.

3.2 MATERIALS AND METHODS

3.2.1 Liquid medium

4  isolates were used in the experiments, isolate 6K, 28, TAR and PIE. 

Czapek Dox liquid medium (CDLM) (33.4g/l: Oxoid) was supplemented w ith 

one of the follow ing;-

I) Chickpea seed extract (Appendix 2)

II) Leaf and stem extract (Appendix 2)

III) Metal cations (Appendix 2)
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3.2.2 Preparation of liquid medium

Media (Section 3.2.1.) were adjusted to pH 5.6 and aliquots (30ml) 

dispensed in 250ml conical flasks. They were autoclaved at 12TC for 20 

minutes and, after cooling, inoculated with a spore suspension of A. rabiei 

(200//I; 1 X1 0 ^  spores/ml). Large cultures (21) were prepared using 41 conical 

flasks inoculated with a spore suspension (13ml; 1 X 1 0 ^  spores/ml).

Uninoculated liquid medium acted as a negative control and medium 

inoculated w ith isolate 6K (PUT7), a good producer of the solanapyrones, acted 

as a positive control in all experiments. This allowed variation among 

experiments to be monitored and ensured that the only factor causing changes 

in the medium was the fungus.

Flasks were incubated at 20°C and harvested in triplicate every 3 days 

for 3 weeks. For large cultures (21), samples (10ml) were harvested under 

aseptic conditions at the same time intervals and the remainder of the culture 

allowed to continue its incubation.

3.2.3 Incubation conditions

Two isolates,l6K and 28, were used to gauge the effect of varying the 

medium and incubation conditions on the growth and development of the 

fungus as well as the production of toxins.

I) Isolates were grown in Czapek Dox liquid medium supplemented

with metal cations (Appendix 2), w ith the exception of ZnSO^ which

was varied in each treatment at concentrations of Omg/I, 1mg/l, 

5mg/l, 50mg/l, lOOmg/l, 500mg/l and 1000mg/l.

II) Isolates were grown in Czapek Dox liquid medium supplemented

w ith metal cations (with a ZnSO^ concentration of 50mg/l) and 

incubated at temperatures of 4°C, 15°C, 20°C, 25°C and 30°C, to 

measure the effect of various temperatures on fungal growth and 

solanapyrone production.

III) Three media, consisting of Czapek Dox liquid medium supplemented 

w ith either chickpea seed extract (Appendix 2), leaf and stem extract 

(Appendix 2), or a defined metal cation solution, w ith a ZnSO^
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concentration of 50mg/l (Appendix 2), were made up and 30ml 

aliquots inoculated w ith the isolates. The cultures were agitated (at 

200 r.p.m, 7.5mm radius). All cultures were incubated at a 

temperature of 20°C. Large cultures (21) of the three media were also 

set up and run in parallel w ith the small cultures. The effect of 

agitation and increased aeration of the culture filtrates on the fungus 

was observed.

IV) Czapek Dox liquid medium supplemented w ith metal cations (with 

a ZnSO^ concentration of 50mg/l, Appendix 2) were inoculated w ith 

the isolates and incubated at a temperature of 20°C. One set of 

cultures were incubated w ith a day length of 16 hours per day at a 

light level of 200//mol m'^s'  ̂ (at 30cm - 40cm from the flask) and one 

set of cultures were incubated in the dark.

A ll cultures were harvested and treated as in section 3.2.5.

3.2.4 Fermenter trials

A fermenter supplied by Infors Ltd. U.K. (21 model IN2I), was used in 

the trials to investigate the possibility of large scale production of the 

solanapyrone toxins. Czapek Dox liquid medium was supplemented w ith 

various constituents (Table 2) and used in the trials.

The fermenter (Fig. 3.1), consisted of a central container surrounded by 

an outer jacket. Water passed in between the two, controlling the temperature 

of the medium w ith in the jar. Probes for temperature, antifoam, pH and 

oxygen tension were situated w ithin the jar. Filtered air was bubbled through 

the medium and extra aeration from a rotating mixer could be achieved 

(especially when the oxygen tension was below a set value). Values for 

temperature (20°C), antifoam, pH (variable) and oxygen tension (minimum 

40%) were set on the electronic interface w ith respect to external references.

The jar of the fermenter was filled w ith 1.51 of medium. Plastic tubing 

resistant to high temperatures was attached to the inlet and outlet ports. Filters 

(0.2//m PTFE: M illipore) were attached to the air inlet and outlet ports to 

prevent contamination of the broth by airborne organisms. Hydrochloric acid
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( 1 M), sodium hydroxide ( 1 M) and antifoam (polypropylene glycol) were placed 

in 250 ml conical flasks and sealed before connecting up to the fermenter jar.

A ll tubes were sealed with foil to ensure that leakage of liquid in or out 

of the jar did not occur before being clamped. The whole apparatus was 

autoclaved at 12TC for 1 hour and allowed to cool for 4 hours.

The jar was placed onto the interface mounting and the stirrer 

mechanism locked in place. Inlet and outlet tubes were further sterilized w ith 

ethanol before connection to the respective ports. Probes were connected w ith 

the interface and appropriate values programmed in.

Running the apparatus for 24 hours allowed the system to equilibrate. 

A sterile syringe and hyperdermic needle were filled aseptically w ith a spore 

suspension (5ml; 1 X 1 0 ^  spores/ml). The inoculation port was flamed w ith 

ethanol and the spore suspension immediately injected into the broth.

Every three days a sample (10ml) was harvested via a sampling port 

(which was continually kept in ethanol and rinsed twice w ith sterile distilled 

water before sampling) and treated as in Section 3.2.5.
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Table 2

Constituents used in the fermenter trials

Trial 1

Czapek Dox liquid medium supplemented with chiclq)ea seed extract (60g/l).

Trial 2

Czapek Dox liquid medium supplemented with leaf and stem extract (lOOg/1 fresh weight).

Trial 3

Czapek Dox liquid medium supplemented with leaf and stem extract (lOOg/1) and the following 

amino acids, vitamins and minerals

(g/1) (g/1)

Glycine 0.1 Glutathione 0.05
Glutamine acid 0.1 Cystine 0.05
Leucine 0.1 L-Histone 0.05
Asparagine 0.1 L-arginine 0.05
Proline 0.05 Thiamine (B l) 0.02
Tryptophan 0.05 Riboflavin (B2) 0.02
L-Alanine 0.1 Pyridoxine (B6) 0.02
L-Serine 0.05 d-Biotin (H) 0.01
L-Methionine 0.1 6-B A 0.02
Lithium chloride 5 Copper chloride 20
Molybdenum oxide 20 Colbalt chloride 20
Zinc sulphate 50 Iron sulphate 50
Manganese chloride 20 Boric acid 10

Trial 4

Czapek Dox liquid medium supplemented with the following minerals:

(mg/1)

Lithium chloride 5
Molybdenum oxide 20
Zinc sulphate 50
Manganese chloride 20

Copper chloride 
Colbalt chloride 
Iron sulphate 
Boric acid

(mg/1)

20
20
50
10
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Table 2 (Cont.)

Constituents used in the fermenter trials

Trial 5

Czapek Dox liquid medium supplemented with chic]q)ea seed extract (60g/l) and the following 

minerals

Lithium chloride 
Molybdenum oxide 
Zinc sulphate 
Manganese chloride

(mg/1)

5
20
50
20

Copper chloride 
Colbalt chloride 
Iron sulphate 
Boric acid

(mg/1)

20
20
50
10

Trial 6

Czapek Dox liquid medium supplemented with chickpea seed extract (60g/l) and the following amino 

acids, vitamins and minerals

(g/1) (g/1)

Glycine 0.1 Glutathione 0.05
Glutamme acid 0.1 Cystine 0.05
Leucine 0.1 L-Histone 0.05
Asparagine 0.1 L-arginine 0.05
Proline 0.05 Thiamine (B l) 0.02
Tryptophan 0.05 Riboflavin (B2) 0.02
L-Alanine 0.1 Pyridoxine (B6) 0.02
L-Serine 0.05 d-Biotin (H) 0.01
L-Methionine 0.1 6-B A 0.02
Lithium chloride 5 Copper chloride 20
Molybdenum oxide 20 Colbalt chloride 20
Zinc sulphate 50 Iron sulphate 50
Manganese chloride 20 Boric acid 10
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Fig. 3.1 Diagram of the fermenter supplied by Infors Ltd. (U.K.) model 

IN2L, showing the various inlet and outlet ports and probes
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3.2.5 Harvesting of fungal mycelium and culture filtrate

Fungal mycelium was separated from the culture filtrate by filtration 

through glass fibre filter paper (Whatman GF/A) and dried at 70°C to constant 

weight. The filtrate was passed through a 0.45//m filter (M illex - FiV 0.45//m: 

M illipore) to remove any mycelial fragments and spores and the pH was recorded. 

Aliquots (10ml) were analyzed for the solanapyrones (Section 3.2.6.). Samples 

for bioassay were prepared by freeze drying and redissolving in 2 ml holding 

buffer.

3.2.6 Purification of compounds

3.2.6.1 Solid phase extraction

Reservoirs (1ml reservoir, Analytichem International, U.K) were plugged 

w ith frits (0.5cm diameter X 0.2cm depth, Analytichem International, U.K) and 

filled w ith 200mg of ODS silica (10//m - 40//m: Techoprep). Another frit was 

placed on top of the packing and the 'm ini-colum n' placed on a vacuum manifold 

(Fig. 3.2). The 'm ini-colum n' was conditioned w ith methanol (10ml) followed by 

double distilled water ( 1 0 ml).

Culture filtrate (10ml) was passed through the 'm ini-colum n' slowly and 

washed w ith 5ml of double distilled water. Compounds of interest were washed 

off the column with either acetonitrile (2ml) or methanol (2ml). The eluent was 

divided into two fractions, one fraction was for HPLC analysis (section 3.2.7.3.) 

and the second fraction was dried down under vacuum and dissolved in 2 ml of 

holding buffer for analysis by bioassay (section 5.). For larger volumes of culture 

filtrate, proportionate ODS silica and solvents were used.

3.2.6.2 Liquid extraction

Culture filtrates were acidified to pH3 using HCI (1M) and partitioned 

three times against equal volumes of ethyl acetate. The ethyl acetate fractions 

were combined, dried over anhydrous Na2 S0 4  before concentrating to 1 / 1 0 th of 

the volume of the original culture filtrate. Ethyl acetate preparations were divided 

into 3 fractions.
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Fig. 3.2 Diagram of a 'mini-column' connected to a vacuum manifold 

(Supelco Inc., U.K.)
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Fraction one was used for flash chromatography (section 3.2.6 .2.), fraction 

two was evaporated to dryness on a film  evaporator and redissolved in holding 

buffer for analysis by bioassay (section 5.2.3.) and fraction 3 was analyzed by 

HPLC (Section 3.2.7.3.).

The aqueous phase was dried down under vacuum completely and 

redissolved in double distilled water for HPLC analysis (Section 3.2.7.3.) and 

analysis by bioassay (Section 5.2.3.).

3.2.7 Identification of compounds

3.2.7.1 Flash chromatography

Flash chromatography columns were prepared (Fig. 3.3) by plugging the 

stopcock end (A) w ith glass wool, adding a layer of silver sand 1cm in thickness 

on top of the glass wool and packing the rest of the column to a depth of 50cm 

w ith silica gel 60 (400 mesh, E. Merk, no. 9385). A frit was placed on top of the 

silica gel and a layer of sand of about 3mm in depth was placed on top of the frit.

For the separation of solanapyrones the column was first washed and 

equilibrated with a mixture (600ml) of hexane and ethylacetate (3:1) acidified 

w ith acetic acid (0 . 1  %) under pressure so that all air was expelled from the silica 

gel column. The sample was placed on the sand very gently w ith a Pasteur 

pipette.

Compounds were eluted with a mixture of hexane and ethylacetate (1:1) 

acidified w ith acetic acid (0 . 1 %) under constant pressure ( 6  bar) and 1 0 ml 

fractions were collected. All fractions were divided in two and dried down under 

vacuum before being analyzed by HPLC (Section 3.2.7.3.), thin layer 

chromatography (Section 3.2.7.2.) and bioassay (Section 5.2.3.).
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Fig. 3.3 Diagram of a flash chromatography column
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3.2.7.2 Thin layer chromatography (TLC)

TLC plates were made of silica gel (Merk Art no.5554 gel 60 F2 5 4 , 

Darmstadt) containing a fluorescent indicator. Samples were 'spotted' onto the 

TLC plates.

The plate was developed using the appropriate solvent composition (for 

the solanapyrones a mixture of hexane and ethylacetate ( 1 : 1 ) acidified w ith acetic 

acid (0.17o) was used) in a chromatography tank saturated w ith the vapour of the 

solvents. On completion of the run, the solvent front was immediately marked.

Compounds were identified by viewing the plates under long wave ultra 

violet light and short wave ultra violet light.

3.2.7.3 Analytical high performance liquid chromatography (HPLC)

The high performance liquid chromatography system used was developed 

by Philips (Philips, Cambridge, U.K.). Four main solvents used in reverse phase 

liquid chromatography, acetonitrile (CH3CN), methanol (CH3OFI), tetrahydrofuran 

(CH2 (CH 2 )2 CH 2 0 ) and double distilled water were employed. Solvents were 

degassed w ith dry helium gas to ensure that bubbles did not form in the system. 

The solvents were fed to a mixer and pump (Philips PU4100), which could be 

programmed to deliver varying mixtures and flow  rates.

Two types of injection ports were available, the first was a manual 

injection port w ith a 2 0 /yl or 1 0 0 //I injection loop and the second was an 

'autojector' (Philips PU4700) which could accommodate up to 32 samples with 

alternate washes.

For analysis of samples a Spherisorb ODS 2 , 5//m column (C l 8 , 15cm 

length, 4.6mm inside diameter, Jones chromatography, U.K.) was used. A guard 

column (Spherisorb ODS 2 5//m, C-18, 2cm length, 4.6mm inside diameter), was 

attached to the front of the main column to protect the main column.

Initial solvent compositions used for analysis consisted of acetonitrile and 

double distilled water (1:1). Subsequent analysis of samples used solvent 

compositions of acetonitrile (2%), methanol (21.9%), tetrahydrofuran (19.8%) and 

double distilled water (56.3%) as in section 4.3.2. (Chen et a/., 1991).
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Compounds were detected using a diode array detector (Philips, Rye 

Unicam, PU4021 multichannel detector), which could monitor either absorption 

in the ultra violet range {A= 190nm - 390nm) or the visible range (/\= 390nm - 

590nm). Data were acquired from the detector by a computer using the Philips 

PU6003 software and displayed while the sample was running as a three 

dimensional chromascan (Fig. 3.4).

Postrun data could be viewed and manipulated on the computer as three 

dimensional chromscans, chromatograms or spectra (Fig. 3.5).

Concentrations of compounds were calculated from chromatograms w ith 

respect to external standards (of the solanapyrones) using the integration software 

(Philips PU6000).

3.3 RESULTS

Culture filtrates were clear (unless agitated) and after about day 6  turned 

from colourless to either a pale or dark yellow.

Mycelium was generally a brown/grey colour and when pycnidia formed, 

turned black.

3.3.1 Solid phase extraction

When culture filtrate was passed through the 'm inicolum n', the collected 

eluent was always colourless and clear. The washes w ith water were also 

colourless and clear. Washes with acetonitrile or methanol produced clear 

colourless or clear pale yellow eluents.

3.3.2 Liquid extraction

Ethylacetate fractions from culture filtrates were always colourless and, 

after removing the water w ith anhydrous sodium sulphate, clear. When 

concentrated, the sample became a viscous, clear yellow liquid. The sample was 

easily re-dissolved in ethylacetate, but did not dissolve in either holding buffer, 

methanol or acetonitrile quickly.
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Fig. 3.4 Real time run of a sample of purified solanapyrones. The peak 

eluting at 650 seconds is solanapyrone B.
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Fig. 3.5 Post run of a sample of purified solanapyrones. The top half of 

the picture shows the spectrum of the peak under investigation 

and the bottom half of the picture shows the chromatogram of 

the run. The arrowed peak and spectrum is solanapyrone B
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The aqueous phase from culture filtrates which had been partitioned with 

ethyl acetate, were dark brown when concentrated. They dissolved easily in 

water and holding buffer but only partially in methanol and acetonitrile.

3.3.3 Flash chromatography

Flash chromatography of the samples resulted in clear eluents. Many 

fractions were collected over a period of between 4hrs - 7hrs. The amount of air 

pressure and therefore the flow  rate of the system, affected the separation of the 

compounds. A high flow  rate resulted in the compounds eluting close together, 

whereas a low  flow  rate resulted in better separation but took a long time.

3.3.4 Thin layer chromatography (TLC)

TLC plates were developed in solvent saturated tanks, which facilitated 

uniform and rapid solvent movement up the plate. Developing times were on 

average 30 minutes (ambient temperature dependent). The Rf values of 

solanapyrone A = 0.26 ± 0.04, solanapyrone B = 0.21 ±  0.03 and 

solanapyrone C = 0.18 ± 0.06.

3.3.5 Analytical High Performance Liquid Chromatography (HPLC)

At the start of the project, all samples were run at a flow  rate of 1.5ml/min 

w ith  a solvent system (mobile phase) consisting of 50% acetonitrile and 50% 

water. A Waters 15cm (3.9mm diameter) column, containing Nova Pak C l 8  

(4/ym particles) was used. Retention times were solanapyrone B = 4.30 ± 0.25 

min., solanapyrone C = 4.40 ± 0.25 min. and solanapyrone A = 6.10 ±  0.13 

min. (Fig. 3.6).

Concentrations were calculated using the Philips PU6000 software which 

measures the area under the peak (using second differentials), and compares the 

value w ith that of external standards (which were always run in conjunction w ith 

samples). In early experiments solanapyrone B and C were measured together as 

they co-eluted.
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Fig. 3.6 Post run of a sample of purified solanapyrones. The sample was 

eluted w ith a solvent mixture of 50% aqueous acetonitrile. 

Solanapyrone A (6.10 ± 0.13 min.) is separated from 

solanapyrones B (4.30 ± 0.25 min.) and C (4.40 ± 0.25 min.) 

which have co-eluted.
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3.3.6 Liquid medium

All four isolates of A. rabiei tested produced solanapyrone A, B and C in 

chickpea seed extract (CSE) medium (Fig. 3.7), the leaf and stem extract (LSE) 

medium (Fig. 3.8) and the defined metal cation (DMC) medium (Fig. 3.9). When 

the tests were rerun under the same conditions using the same media, 

reproducible results were obtained with the DMC medium (compare Fig. 3.9 and 

Fig. 3.10) but different data were obtained from CSE medium tests (compare Eig.

3.7 and Eig. 3.11) and LSE medium tests (compare Eig. 3.8 and Eig. 3.12). Using 

isolate 6 K as an example, when grown in DMC medium, the highest titres of the 

solanapyrones were obtained between days 12 and 18 (solanapyrone A = 

0.744mM ± 0 . 1 2  and solanapyrone B and C = 0.104mM ±  0.084) in the first 

experiment. In the re-run the highest titres of the solanapyrones were again 

obtained between days 12 and 18 (solanapyrone A = 0.704mM ± 0.11 and 

solanapyrone B and C = 0.14mM ± 0.073). However, when isolate 6 K was 

grown in CSE medium or LSE medium, the highest titres of the solanapyrones 

were obtained between days 12 and 18 (CSE medium, solanapyrone A = 

0.539mM ± 0.31 and solanapyrone B and C = 0.286mM ± 0.27; LSE medium, 

solanapyrone A = 0.094mM ± 0.15 and solanapyrone B and C = O.OmM) in the 

first experiment, but in the re-run experiment the highest titres of the 

solanapyrones varied (CSE medium, solanapyrone A = 0.652mM ± 0.413 and 

solanapyrone B and C = 0.183mM ± 0.156; LSE medium, solanapyrone A = 

0.024mM ± 0.061 and solanapyrone B and C = 0.008mM ±  0.003).

In the large cultures, all isolates produced the solanapyrones in CSE 

medium (Fig. 3.13), leaf and stem medium (Fig. 3.14) and DMC medium (Fig. 

3.15).

Mycelial dry weight (Fig. 3.16) and pH values (Fig. 3.17) increased during 

the time course in both large and small cultures. The smallest dry weight 

accumulated was by isolate 28 grown in CSE medium (0.667g/l) and the greatest 

dry weight accumulated was by isolate 6 K grown in DMC medium (10.47g/l). A ll 

pH values reached between 8.11 (isolate PIE grown in CSE medium) and 9.21 

(isolate TAR grown in LSE medium) from 5.6.
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Fig. 3.7

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith chickpea seed extract and incubated at a temperature of 20°C.

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.8

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith leaf and stem extract and incubated at a temperature of 20°C.

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.9

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith a defined metal cation solution and incubated at a temperature of 20°C.

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.10

Histograms showing repeat experiments where the quantity of solanapyrones produced by Ascochyta rabie i isolates (over 21 days,

grown in Czapek Dox liquid medium supplemented with a defined metal cation solution and incubated at a temperature of 2(fC )

was re-measured (reruns).

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.11

Histograms showing repeat experiments where the quantity of solanapyrones produced by Ascochyta rabie i isolates (over 21 days,

grown in Czapek Dox liquid medium supplemented with chickpea seed extract and incubated at a temperature of 20°C) was re

measured (reruns).

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////} Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.12

Histograms showing repeat experiments where the quantity of solanapyrones produced by Ascochyta rabie i isolates (over 21 days,

grown in Czapek Dox liquid medium supplemented w ith leaf and stem extract and incubated at a temperature of 20°C) was re

measured (reruns).

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.13

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolates in 21 cultures, over 21 days, grown in

Czapek Dox liquid medium supplemented w ith chickpea seed extract and incubated at a temperature of 20°C. (Large 21 cultures).

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.14

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolates in 21 cultures, over 21 days, grown in

Czapek Dox liquid medium supplemented w ith leaf and stem extract and incubated at a temperature of 20°C. (Large 21 cultures).

a) Isolate 6K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.15

Histograms showing the quantity of solanapyrones produced by Ascochyta rabiei isolates in 21 cultures, over 21 days, grown in

Czapek Dox liquid medium supplemented w ith the defined metal cation solution and incubated at a temperature of 20°C. (Large

2 1  cultures).

a) Isolate 6 K b) Isolate 28

c) Isolate TAR d) Isolate PIE

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.16

Histograms showing mycelial dry weight (g/l) accumulation by isolates of Ascochyta rabiei over 21 days when incubated at a 

temperature of 20°C.

Culture medium containing Czapek Dox liquid medium supplemented w ith chickpea seed extract, 

a) Small cultures (30ml) b) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith leaf and stem extract, 

c) Small cultures (30ml) d) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented with a defined metal cation solution, 

e) Small cultures (30ml) f) Large cultures (21)
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Fig. 3.17

Histograms showing variation of culture filtrate pH when inoculated with isolates oi Ascochyta rabiei over 21 days when incubated 

at a temperature of 20°C.

Culture medium containing Czapek Dox liquid medium supplemented w ith chickpea seed extract, 

a) Small cultures (30ml) b) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith leaf and stem extract, 

c) Small cultures (30ml) d) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith a defined metal cation solution, 

e) Small cultures (30ml) f) Large cultures (21)
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The concentration of zinc sulphate optimal for solanapyrone production 

in the defined metal cation solution was 50mg/l (Fig. 3.18) w ith concentrations 

above lOOmg/l impeding growth and solanapyrone production.

3.3.7 Effect of incubation temperature on solanapyrone production

Solanapyrone production varied between isolates 6 Kand 28 (compare Fig.

3.19 and Fig. 3.20) and from one incubation temperature to another (compare Fig.

3.19 and Fig. 3.20).

At 4°C no solanapyrones were produced by any of the isolates in any of 

the media and very little or no growth of the mycelium occurred (Fig. 3.21). 

Increasing the temperature to 15°C increased the quantity of solanapyrones 

produced by both isolates, although this occurred very late in the time course. 

At temperatures of 20°C and 25°C the greatest total quantity of solanapyrones was 

produced w ith peak production occurring between day 9 and day 15 by both 

isolates. A temperature of 30°C decreased the amount of solanapyrones produced 

w ith the highest titres occurring after day 15.

The mycelial dry weight (Fig. 3.21) increased during incubation at 

intermediate temperatures but at temperatures of 4°C and 30°C there was 

essentially none. At 4°C and 30°C pH values changed from 5.6 to between 5.7 

and 6.5. At temperatures of 15°C, 20°C and 25°C the pH values changed from 

5.6 to between 7.5 and 9.5 (Fig. 3.22).

3.3.8 Agitation of cultures

Both isolates produced solanapyrone A, B and C in CSE medium, LSE 

medium and DMC medium (Fig. 3.23 and Fig. 3.24). Production of 

solanapyrones by all isolates occurred after day 9 in all three media. Agitation 

decreased the quantity of solanapyrones produced in small cultures (Fig. 3.23 and 

Fig. 3.24) as compared to the small static cultures (Fig. 3.7, Fig. 3.8 and Fig. 3.9).
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Fig. 3.18

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolate 6K grown over 21 days in Czapek Dox

liquid medium supplemented w ith  a defined metal cation solution and incubated at a temperature of 20°C.

a) 1 mg of ZnSO, b) 5mg of ZnSO^

c) 50mg of ZnSO^ d) lOOmg of ZnSO^

e) 500mg of ZnSO^ f) lOOOmg of ZnSO,

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.19

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolate 6K grown over 21 days in Czapek Dox

liquid medium supplemented w ith a defined metal cation solution.

a) Incubation temperature of 4°C b) Incubation temperature of 15°C

c) Incubation temperature of 20°C d) Incubation temperature of 25°C

e) Incubation temperature of 30°C

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates) —j—
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Fig. 3.20

Histograms showing the quantity of solanapyrones produced by Ascochyta rabie i isolate 28 grown over 21 days in Czapek Dox

liquid medium supplemented w ith a defined metal cation solution.

a) Incubation temperature of 4°C b) Incubation temperature of 15°C

c) Incubation temperature of 20°C d) Incubation temperature of 25°C

e) Incubation temperature of 30°C

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.21

Histograms showing mycelial dry weight (g/l) accumulation by Ascochyta rabiei isolates over 21 days grown in Czapek Dox liquid

medium supplemented with a defined metal cation solution.

a) Incubation temperature of 4°C b) Incubation temperature of 15°C

c) Incubation temperature of 20°C d) Incubation temperature of 2 5 T

e) Incubation temperature of 30°C

Isolate 28 Isolate 6 K :- [ ]
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Fig. 3.22

Histograms showing variation in pH of culture filtrates by Ascochyta rabie i isolates over 21 days grown in Czapek Dox liquid

medium supplemented w ith a defined metal cation solution.

a) Incubation temperature of 4°C b) Incubation temperature of 15°C

c) Incubation temperature of 20°C d) Incubation temperature of 25°C

e) Incubation temperature of 30°C

Isolate 28 Isolate 6 K [XXXXXXX]

Standard deviation (of three replicates)
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Fig. 3.23

Histograms showing the quantity of solanapyrones produced by Ascochyta rabiei isolate 6 K over 2 1  days. Cultures were agitated 

continuously and incubated at a temperature of 20°C. The fungus was grown in Czapek Dox liquid medium supplemented with 

various constituents listed below.

a) Small cultures (30ml) supplemented w ith chickpea seed extract

b) Small cultures (30ml) supplemented w ith leaf and stem extract

c) Small cultures (30ml) supplemented w ith a defined metal cation solution

d) Large cultures (21) supplemented w ith chickpea seed extract

e) Large cultures (21) supplemented w ith leaf and stem extract

f) Large cultures (21) supplemented w ith a defined metal cation solution

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Fig. 3.24

Histograms showing the quantity of solanapyrones produced by Ascochyta rabiei isolate 28 over 21 days. Cultures were agitated 

continuously and incubated at a temperature of 20°C. The fungus was grown in Czapek Dox liquid medium supplemented w ith 

various constituents listed below.

a) Small cultures (30ml) supplemented w ith chickpea seed extract

b) Small cultures (30ml) supplemented w ith leaf and stem extract

c) Small cultures (30ml) supplemented w ith a defined metal cation solution

d) Large cultures (21) supplemented w ith chickpea seed extract

e) Large cultures (21) supplemented w ith leaf and stem extract

f) Large cultures (21) supplemented w ith a defined metal cation solution

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Using isolate 6 K grown in CSE medium as an example, static cultures (Fig. 

3.7) produced maximum titres of the solanapyrones between days 12 and 18 

(concentration of solanapyrone A = 0.539mM ±  0.197 and solanapyrone B and 

C = 0.286mM ± 0.214) whereas agitated cultures (Fig. 3.23) produced 

solanapyrones after day 18 (concentration of solanapyrone A = 0.017mM ± 

0.009 and solanapyrone B and C = 0.195mM ±  0.086).

In large cultures, agitation slightly increased the quantity of solanapyrones 

produced (Fig. 3.23 and Fig. 3.24) as compared to the static cultures (Fig. 3.13, 

Fig. 3.14 and Fig. 3.15). Using isolate 6 K grown in DMC medium as an example, 

the maximum titres of the solanapyrones produced in the static cultures (Fig. 3.14) 

was between days 12 and 18 (concentration of solanapyrone A = 0.484mM ± 

0.281 and solanapyrone B and C = 0.082mM ± 0.027) whilst in agitated 

cultures (Fig. 3.23) the solanapyrones were again produced between days 12 and 

18 but at slightly higher concentrations (concentration of solanapyrone A = 

0.826mM ±  0.048 and solanapyrone B and C = 0.111 mM ± 0.034).

Mycelial dry weight (Fig. 3.25) in all the agitated cultures increased 

rapidly (to between 12.67g/l and 18.90g/l) during the time course w ith the 

mycelium forming spherical clumps. Culture pFI also changed rapidly from 5.6 

(Fig. 3.26) during the time course reaching between 8  and 10 by day 21.

3.3.9 Illumination of cultures

The production of the solanapyrones was the same in the dark and light 

(Fig. 3.27) treatments, w ith peak production between day 9 and day 15 for both 

isolates.
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Fig. 3.25

Histograms showing mycelial dry weight (g/l) accumulation by Ascochyta rabiei isolates over 21 days when agitated continuously 

and incubated at a temperature of 20°C.

Culture medium containing Czapek Dox liquid medium supplemented w ith chickpea seed extract, 

a) Small cultures (30ml) b) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith leaf and stem extract, 

c) Small cultures (30ml) d) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith a defined metal cation solution,

e) Small cultures (30ml) f) Large cultures (21)

Isolate 6 K isolate 28 :- [ ]
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Fig. 3.26

Histograms showing variation in pH of culture filtrates by Ascochyta rabiei isolates over 21 days when agitated continuously and 

incubated at a temperature of 20°C.

Culture medium containing Czapek Dox liquid medium supplemented w ith chickpea seed extract, 

a) Small cultures (30ml) b) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith leaf and stem extract,

c) Small cultures (30ml) d) Large cultures (21)

Culture medium containing Czapek Dox liquid medium supplemented w ith a defined metal cation solution,

e) Small cultures (30ml) f) Large cultures (21)

Isolate 6 K [XXXXXXX] Isolate 28
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Fig. 3.27

Histograms showing differences in the quantity of solanapyrones produced by Ascochyta rabiei isolates, when grown in Czapek 

Dox liquid medium supplemented w ith  a defined metal cation solution and incubated under either a dark or light regime at a 

temperature of 20°C.

a) Isolate 6 K grown in the light. b) Isolate 6 K grown in the dark,

c) Isolate 28 grown in the light. d) Isolate 28 grown in the light

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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3.3.10 Fermenter trials

Solanapyrones were not detected in any of the fermenter trials. During 

the trials (Table 2) oxygen content of all cultures decreased rapidly, until the 

probe registered very little oxygen by day 6 , even with increased aeration and 

agitation (Fig. 3.28). The pH values increased rapidly from 5.6 to between 8  and 

9 by day 12 (Fig. 3.28). Mycelial dry weight also increased rapidly (Fig. 3.29) 

during the time course, form ing large spherical clumps. Sampling was d ifficu lt 

owing to mycelial obstruction of the port.

Problems with foam formation continually blocking filters and tubing were 

encountered, even when traps were installed. Increasing aeration and agitation, 

increased foam formation.

Experiments were discontinued because of the end of the company's loan 

period and the lack of solanapyrone production.

3.4 DISCUSSION

3.4.1 Sample preparation

Culture filtrates, when harvested, always contained mycelial fragments and 

spores. These contaminants, if not removed with a 0.45/ym filter, blocked 

equipment and columns. Once the contaminants were removed, culture filtrates 

were always clear with the filtrates from young cultures colourless and older ones 

yellow.

When harvested filtrates were concentrated and analyzed by flash 

chromatography, TLC and HPLC, numerous compounds could be seen. Removal 

of some of these compounds by extraction techniques simplified the process of

isolating compounds of interest.
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Fig. 3.28

Histograms showing the variation in pH and oxygen content of fermenter cultures over 21 days. Cultures were inoculated w ith 

Ascochyta rabiei isolate 6 K and incubated under controlled conditions at a temperature of 20°C (see table 2 for fermenter trial 

constituents).

a) :- Trial 1 b) Trial 2

c) :- Trial 3 d) Trial 4

e) :- Trial 5 f) Trial 6

pH ★ Oxygen content a
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Fig. 3.29

Histograms showing the mycelial dry weight (g/l) accumulation of fermenter cultures over 2 1  days. Cultures were inoculated w ith 

Ascochyta rabiei isolate 6 K and incubated under controlled conditions at a temperature of 20°C (see table 2 for fermenter trial 

constituents.

a) Trial 1 b) Trial 2

c) Trial 3 d) Trial 4

e) Trial 5 f) Trial 6
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Both liquid phase and solid phase extraction techniques, selectively 

removed the solanapyrone toxins from the culture filtrates. Liquid extraction was 

the most general extraction process involving organic solvents such as ethyl 

acetate, chloroform, benzene and hexane which removed groups of compounds 

depending on their polarity. Solid phase extraction is usually used after more is 

known about the compound(s) of interest. This process is much more selective 

because of the side chains that are attached to the silica particles.

In the extraction of solanapyrones from culture filtrates, liquid extraction 

using ethyl acetate for large cultures ( 1 1 or more) and solid phase extraction using 

w ith  C l 8  silica (18 carbon atoms linked in a chain) for small cultures, were used.

3.4.2 Identification of compounds

Both flash chromatography (FC) and TLC employ organic solvents to 

separate compounds (normal phase chromatography) and these methods are 

mainly used for preliminary identification and separation of compounds. TLC and 

FC of harvested A. rabiei culture filtrates revealed many compounds.

Previous analysis by Alam (1989) revealed activity against isolated 

protoplasts of chickpea. Identification of these compounds by mass spectrometry 

and NMR revealed these compounds to be solanapyrone A and C. HPLC is now 

routinely used in the identification of the separation and quantitative analysis 

solanapyrones because of the ease of use and high sensitivity of the method.

At the beginning of the project, all samples were analyzed by HPLC using 

a mobile phase of 50% ACN and 50% water. Analysis and quantification of 

solanapyrone B and C individually was not possible because the compounds co

eluted. The majority of the results in this chapter and in chapter 6  were obtained 

using this system and so they are expressed as solanapyrone A and solanapyrone 

B + C.

Later in the project, a solvent system was developed using solvent 

optimisation software (Chapter 4.) which gave base line separation of all three 

solanapyrones and allowed them to be analyzed separately.
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3.4.3 Liquid medium

Three media were used in trials to test which would provide reproducible 

results and a llow  the greatest production of solanapyrones by the A. rabiei isolates 

under investigation. Alam (1989) found that Czapek Dox liquid medium 

supplemented w ith an extract from chickpea seeds induced solanapyrone A and 

C production in isolates.

Chen and Strange (1991) found that certain metal cations were essential 

for the production of solanapyrones. Using a complex medium (Chen and 

Strange, 1991) which allowed solanapyrone production, they were able to find, 

by a process of elimination, which cations induced toxin production. If zinc, 

manganese, calcium or colbalt were omitted a reduction in toxin production by 

100%, 74%, 59% and 35% respectively, occurred.

A third medium consisting of the extract of chickpea leaves and stems was 

also tried. This medium was used because in the field the fungus attacks the 

leaves and stems of the growing chickpea plant and therefore this medium might 

induce more toxin. Kuti et al. (1989) found that the addition of fruit cell wall 

extracts from muskmelon cultivars to the liquid medium, affected mycotoxin 

production by pathogenic strains of Myrothecium roridum. They observed that 

cell wall extracts from a susceptible cultivar significantly increased toxin 

production while cell wall extracts from a resistant cultivar significantly inhibited 

toxin production. The cultivar used in the preparation of the chickpea leaf and 

stem medium was Amdoun because of its high susceptibility.

Other cultivars (ILC-3279, ILC-482, ILC-249 and ILC-215) were used in 

small trials to see if different cultivars generated different results. Differences in 

solanapyrone production were seen in the combinations of isolate/cultivar but 

extract of cultivar Amdoun when used in the media induced more solanapyrone 

production by the isolates than any of the other cultivars (results not shown). 

Amdoun was thus used in all the leaf and stem medium preparations. This was 

the first indication that a relationship between toxin production and cultivar 

susceptibility existed.

A ll the isolates tested produced solanapyrones A, B and C in all three 

media. In CSE medium the solanapyrones were produced after day 3. W ith all

125



the isolates grown in CSE medium (Fig. 3.7), peak production occurred between 

day 15 and day 18 e.g. for isolate 6 K, solanapyrone A = 0.539mM ± 0.197 and 

solanapyrone B and C = 0.286mM ±  0.214. Over the 21 days more 

solanapyrone A was produced than solanapyrone B or C. Isolate 6 K produced the 

largest quantity of toxins (at day 15 maximum titres of solanapyrone A = 

0.539mM ± 0.197 and solanapyrone B and C = 0.286mM ± 0.214) whereas 

isolate PIE produced the least (at day 18 maximum titres of solanapyrone A = 

O.062mM ± 0.043 and solanapyrone B and C = 0.005mM ± 0.001).

Production of solanapyrones in the leaf and stem medium started after day 

9 with peak production occurring after day 12 w ith more solanapyrone A 

produced than solanapyrone B or C (Eig. 3.8). Isolate 6 K produced the greatest 

quantity of solanapyrones over the 21 days (maximum titres at day 15 for 

solanapyrone A = 0.094mM ± 0 . 1 3  and solanapyrone B and C = O.OmM) and 

isolate 28 the least (maximum titres at day 15 for solanapyrone A = 0.016mM ± 

0.014 and solanapyrone B and C = 0.006mM ± 0.001).

A ll four isolates produced solanapyrones in the DMC medium w ith peak 

production occurring between day 15 and day 18 (Fig. 3.9). The greatest quantity 

of the solanapyrones was produced by isolate 6 K over the 21 days (maximum 

titras at day 15 for solanapyrone A = 0.744mM ± 0 . 1 2  and solanapyrone B and 

C = 0.104mM ± 0.084), whereas isolate 28 produced the least (maximum titres 

at day 15 for solanapyrone A = 0.082mM ±  0.013 and solanapyrone B and C 

= 0.073mM ± 0.081). Over the 21 days, solanapyrone A was produced in 

larger quantities than solanapyrone B and C put together.

Comparing the media, the DMC medium (Eig. 3.9) was better at inducing 

solanapyrones (isolate 6 K at day 15, maximum titres of solanapyrone A = 

0.744mM ± 0 . 1 2  and solanapyrone B and C = 0.104mM ± 0.084) than either 

CSE medium (Eig. 3.7, isolate 6 K at day 15, maximum titres of solanapyrone A 

= 0.539mM ± 0.31 and solanapyrone B and C = 0.286mM ±  0.27) or the leaf 

and stem medium (Fig. 3.8, isolate 6 Kat day 15, maximum titres of solanapyrone 

A = 0.094mM ± 0.15 and solanapyrone B and C = O.OmM). Also reproducible 

results were obtained using the DMC medium but not w ith CSE medium or LSE 

medium (see section 3.3.6.).
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The large variations observed in the CSE and leaf and stem media suggests 

that the source of seeds and plants affected the constituents in the final extract 

which in turn affected the ability of the fungus to produce solanapyrones. In the 

CSE medium, these differences could be due to the batches of seed used. Such 

variation might arise from differences in growth conditions, harvest times and soil 

types. Similar arguments apply to stem and leaf extracts.

When all the isolates were grown in the DMC medium, reproducible 

results were obtained. Unlike the two extracts from the seed and plant, the 

constituents of the DMC medium were known and no differences (outside that of 

human error) were possible. Therefore each experiment was the same and 

variation was probably due to environmental factors and human error.

Thus, owing to the higher solanapyrone titres and the reproducibility of 

the results, DMC medium was chosen to compare solanapyrone production 

among isolates of the fungus

Large cultures (21) did not have much effect on the growth of the 

mycelium. Production of the solanapyrones by fungal isolates in all three media 

was generally the same as the small cultures w ith more solanapyrone A produced 

than B or C and isolate 6 K producing the greatest quantity in all three media. 

Large cultures were not used in the experiments because the quantity of 

solanapyrones produced were similar to the small cultures and the continual 

sampling from the flasks was liable to lead to contamination by bacteria.

The production of secondary metabolites such as mycotoxins or antibiotics 

was found to be dependent on certain cations (Weinburg, 1970; Shaw, 1981; 

Smith and Moss, 1985; Jackson et a/., 1989). Zinc is an essential component of 

more than 2 0 0  enzymes including those involved in the replication and 

transcription of DMA and the translation of mRNA (Vallee, 1983). Manganese 

also plays a role in many important enzymes such as superoxide dismutase, 

catalase and DMA polymerase (Beyer and Fridovich, 1986; Ferrin et a/., 1986). 

Copper proteins are electron transfer agents for all living organisms (Farver and 

Pecht, 1981) and calcium is a second messenger in higher plants and fungi 

(Moreau, 1987).
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To find the zinc concentration in the DMC medium which induced the 

most solanapyrones, a small experiment was conducted where all the constituents 

of the DMC medium were kept the same but the concentration of zinc varied. 

Chen and Strange (1991), found that in the medium, zinc was the most important 

ion since w ithout it there was no solanapyrone production. Both primary and 

secondary metabolism of A. rabiei was influenced by Zn, Mn, Ca, Co and Cu. 

Addition of these cations to the growth medium increased both fungal growth and 

solanapyrone production (Chen and Strange, 1991). The most important cation 

appeared to be zinc, as its omission from the defined medium not only prevented 

solanapyrone production but also decreased the growth of the fungus. Optimal 

zinc concentration was found to be 50mg/l (Fig. 3.30 and Fig. 3.18) and this 

concentration was used in all subsequent experiments.

Other workers have found that w ithout metal cations in liquid medium, 

toxins were not produced by fungi or the quantities detected were very low. 

Niehaus (1989) reported that zinc was required for versicolorin synthesis by 

Aspergillus parasiticus in liquid culture especially if changes in temperature 

occurred. Scott et al. (1986) suggested that Mn^"^ cations in some way controlled 

an important pathway of patulin synthesis.

3.4.4 Temperature variation and the effect on solanapyrone production

Isolates 6 K and 28 did not appear to produce solanapyrones incubated in 

the DMC medium at temperatures of 4°C and 30°C. Quantities of toxin produced 

were greatest at 20°C and 25°C over the 21 day period (see section 3.3.7.). At 

temperatures of 15°C, 20°C and 25°C the fungus grew well w ith the optimum 

temperature lying between 20°C and 25°C and this was in agreement w ith 

observations made by many other workers (Nene, 1982; Pandey et a/., 1985; 

Alam eta/., 1987; Nasraoui et a/., 1987; Reddy and Singh, 1990b; Trapero-Casas 

and Kaiser, 1992b).
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Fig. 3.30

Histograms showing the effect of varying the zinc sulphate concentration on the production of solanapyrones by Ascochyta rabiei 

isolate 6 K grown in Czapek Dox liquid medium supplemented w ith a defined metal cation solution and incubated at a temperature 

of 20°C.

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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3.4.5 Agitation of cultures

Both isolates 6 K and 28 produced solanapyrones in small and large 

cultures in all three media. Agitation slightly decreased the amount of toxins in 

the smaller cultures but slightly increased the quantity of solanapyrones produced 

in large cultures (see section 3.3.8.).

Many fungi grow well in agitated cultures. Farber and Saunders (1986) 

found that various Canadian species of Fusarium graminearum produced fusarin 

C in liquid culture and that aeration, temperature and pH played critical roles in 

its biosynthesis. Ishii et al. (1985) and Lu et al. (1990), also working w ith F. 

graminearum, studied production of deoxynivalenol (DON) and observed better 

production of the compound when liquid cultures were shaken. Pénicillium  

nigricans which produced both griseofulvin and tremorgenic penitrems in static 

liquid culture, increased their production when shaken (Mantle et al., 1984). 

Pappu and Despande (1983) working w ith Helminthosporium [Pyrenophora] 

avenae reported that toxic metabolites from cultures reduced percentage 

germination of wheat seeds, affected root and shoot growth adversely and that 

when cultures were shaken, the filtrates were highly toxic. However, they 

observed the reverse situation with Helminthosporium proliferatum, the static 

cultures being more toxic than the shaken cultures.

3.4.6 Illumination of cultures

When isolates were grown in lighted or dark conditions, differences in 

growth of the mycelium and production of solanapyrones were not observed.

3.4.7 Fermenter trials

In order to optimize solanapyrone production, fermenter trials were 

performed. Six fermenter trials (Table 2) were carried out over periods of 21 days 

using isolate 6 K. Many other trials were performed but were aborted owing to 

equipment failure and contamination. The initial problem occurred during 

autoclaving. Media often boiled and soaked tubing and filters if they were not 

sealed properly. This blocked the air passages rupturing seals and allowed 

contamination of the medium to occur. Traps, consisting of a sealed conical flask
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w ith  inlet and outlet tubing, were connected to the filters and pipes to overcome 

this problem.

Contamination mainly occurred from the air inlet port which, if not sealed 

well or if the filter was blocked or ruptured, allowed air borne organisms to enter. 

Ruptured seals during a trial was a major problem and occurred when either the 

air pressure was too high or if filters were blocked causing increased container 

pressure. Again traps were fitted to overcome this problem and were designed 

so that excess air pressure could be released and excess moisture was captured 

before reaching the filters.

Another problem throughout all the experiments was that of foam 

formation especially when the air flow  was high and the stirrer was operating. 

Compounds formed in the medium when the fungus was growing which 

encouraged the formation of bubbles. Foam continually blocked filters and traps, 

rupturing seals and contaminating the medium. Addition of polyethylene glycol 

as an antifoaming agent decreased foaming but large quantities were needed. 

Any attempts to augment the oxygen concentration by increasing aeration or 

stirrer rates resulted in foaming problems.

All the media tried in the initial static and agitation cultures which 

resulted in the production of solanapyrones were attempted in the fermenter trials. 

An explanation as to why solanapyrones were not produced by isolate 6 K in the 

various fermenter trials could not be found.

Fermenter cultures are frequently used in the production of large 

quantities of secondary metabolites by filamentous fungi (Kinzel, 1982). 

Production of the solanapyrones by A. rabiei in both static and shake cultures was 

found to be fairly high. It was thought that fermenter culturing of the fungus 

would increase yields.

M ille r and Blackwell, (1986) studied the formation of secondary 

metabolites in fermenter culture of Fusarium culmorum, especially in relation to 

concentration changes of sugars, nitrogen, phosphorous, oxygen and pFI. They 

demonstrated that acetyldeoxynivalenol synthesis was stimulated particularly 

when nitrogen was limited.
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Greenhaigh et al. (1990) isolated more secondary metabolites in trace 

amounts from large scale fermentations of Fusarium sporotrichioides. These 

included trichothecene mycotoxins, T-2 toxin and epiapotrichothecenes which 

were determined by X-ray chystallographic analysis.

Vail and Homann (1990) found that citrinin was detected from a complex 

liquid medium inoculated w ith Aspergillus niveus and when cultured in a 

fermenter, observed a dramatic increase in production.

Unfortunately, the solanapyrones were not detected in any of the 

fermenter trials. Trinici (1990) suggested that one reason for the lack of 

secondary metabolite production in fermenter conditions could be attributed to 

the formation of "colonial variants" of the fungus. These were more highly 

branched than the parental strains and may have had a selective advantage i.e. 

the ability to utilise the medium more effectively. When Pénicillium  

chrysogenum was cultured in fermenter conditions a colonial variant soon 

replaced the parental strain and the production of penicillin was decreased 

(Trinici, 1990). Similarly cultures of Fusarium graminearum A 3/5 were soon 

supplanted by the colonial variant C l 06 and fermentation was terminated (Trinici, 

1990).

Since fermenter cultures of A. rabiei did not yield the solanapyrones, static 

cultures were employed to produce the toxins for the experiments described in 

this thesis.
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CHAPTER 4

SOLVENT OPTIMISATION

4.1 INTRODUCTION

Ascochyta rabiei isolates incubated in CSE and DMC media produced 

solanapyrone A and C (section 3.). Further analysis by TLC (section 3.2.7.2.), 

flash chromatography (section 3.2 .7.1.) and analysis by HPLC (section 3.2.7.3.), 

revealed that a third compound may be present but that it co-eluted w ith 

solanapyrone C. This chapter deals w ith the separation and purification of all 

three compounds using the method of solvent optimisation.

Three methods of separating the solanapyrone toxins by HPLC were 

available. Method one requires numerous experiments to be carried out w ith  the 

best solvent composition out of those experiments chosen. The second method 

requires sequential optimisation, where the choice of each subsequent set of 

conditions is based on the results of previous experiments and in this way the 

optimum is approached gradually. Method three requires a computer model 

which mathematically predicts the optimum solvent composition by measuring 

the effect o f changing solvents on the retention times of the compounds.

The first two methods are time consuming and the result may be one of 

many optima that are possible. The third method uses the concept of the solvent 

selectivity-triangle (Snyder et a/., 1987) to separate the compounds and requires 

less time in comparison to the other methods.

In reversed phase chromatography, methanol (MeOH), acetonitrile(ACN), 

tetrahydrofuran (THE) and water or aqueous buffer are preferred solvents as 

mobile phases (Glajch et a/., 1980). If a tetrahedron is drawn w ith the four 

solvents at the corners and the edges representing the binary mixtures (Fig. 4.1), 

it is possible to define a plane which joins points of equal solvent strengths. This 

is called the isoeluotropic plane on which the elution time of the last peak in 

each chromatogram w ill remain approximately constant (Lynch and Measures, 

1990).
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T h e  te tra h e d ra l fa c to r  s p a c e

Aqueous

THFMethanol

Acetonitrile

Fig. 4.1 The tetrahedral factor space generated when eluents consisting 

of three organic modifiers and an aqueous component are 

considered (Wright, 1990).

Only the shaded region gives an acceptable range of retention 

times for the solutes.
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The optimization strategy is therefore first to choose an isoeluotropic plane 

w hich gives acceptable retention times of analytes and secondly to adjust the 

composition of the four solvents on the plane to achieve the best overall 

selectivity.

To identify the plane, an initial methanol/water or methanol/buffer 

gradient is run to establish a range of retention times of interest. From these a 

suitable isocratic solvent composition i.e MeOH and water/buffer is predicted by 

Schoenmakers' method (Schoenmakers, 1986) to give an acceptable range of 

retention times (K' = 1 -10). K' is called the capacity factor (Naish-Chamberlain 

and Lynch, 1990) or the column capacity ratio (Robertson, 1987) which predicts 

a range of acceptable analysis times and is dependent on the retention behaviour 

of the compounds i.e. polarity, and the solvent strength of the liquid phase 

composition. Empirically:

K = (tR"to)/to= (Vr-Vo)A/q/ 

where t^ is the retention time of the solute, tg is the time required to elute an 

unretained band, and Vr and Vg (column dead volume) refer to the volumes of 

solvent required to elute the solute and an un retained band, respectively 

(Robertson, 1987).

The two other binary eluents, ACN/water or buffer and THF/water or 

buffer, are calculated from factors relating the eluotropic strengths of these organic 

modifiers to methanol and are updated later on. These three corner points define 

an isoeluotropic plane. Ten points on the isoeluotropic triangle are processed and 

the results used to predict the optimum solvent composition.

Peak finding is the process of finding the peak positions of resolved and 

partially resolved peaks, and the deconvolution of overlapping peaks. This is 

achieved from the second derivative of each chromatogram. The peaks are then 

labelled using spectral and concentration information. The deconvolution of 

overlapping peaks is based on the technique of principal component analysis and 

in particular Iterative Target Transformation Factor Analysis (Strasters eta/., 1987). 

This process involves mathematical manipulation of the absorbence, wavelength 

and time data matrix to find the pure spectra of the peaks and it assumes that the
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chromatogram or data matrix is generated from a linear combination of the pure 

spectra.

A chromatogram or the data matrix is decomposed into three new 

matrices consisting of abstract spectra and abstract chromatograms, and a diagonal 

matrix containing singular values or eigenvalues (Fig. 4.2). A simple definition 

of an eigenvalue is the possible values for a wave function at a particular position 

on that wave, at a particular retention time. These give the number of 

components (peaks and background) which are present.

An iterative method is used to reconstruct spectra and chromatograms 

w ith two main criteria. Firstly there must be only one local maximum any more 

would indicate the presence of another peak and secondly all the values must be 

non-negative (Vandeginste et a/., 1985). After a specified number of iterations the 

best reconstructed chromatograms and spectra are produced.

Initia lly a chromascan (or reference chromascan) was processed w ith the 

peaks found entered into a reference set. Subsequent chromascans were 

processed and peaks were labelled against the reference set. Spectral and 

concentration information was used for matching. Spectral matching was based 

on a least squares fit between spectra and concentration matching was based on 

the measurement of peak volumes, the peak areas being integrated over a selected 

wavelength range. Once the peaks had been correctly labelled, the chromascan 

was saved as an assignment. Every chromascan was processed and saved as an 

assignment.

For each peak a mathematical model for retention is fitted to the ten 

points across the isoeluotropic plane. The model generates a retention surface 

which describes the movement of peaks w ith changing solvent compositions at 

all points across the plane. They allow the peak position to be predicted at any 

solvent composition on the plane, thus the optimum composition for the best 

separation of the compounds can be quickly ascertained. The response surface 

shows how the theoretical chromatogram performs at any solvent composition on 

the plane. Response functions were available and depended on for example 

whether minimum time of analysis, or most even spacing of peaks was required 

(Schoenmakers, 1987).
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Overview of the Iterative Target Transformation 

Factor Analysis (ITTFA)

Diode array data

A = U Z V

Abstract
EtO

Chromatograms

Reconstructed
chromatograms

Fig. 4.2

V  t-2  

0 0
L

n

j Abstract spectra

Reconstruc
spectra

Peak labelling 
Library matching

An overview of the chemometrics process or Iterative Target 

Transformation Factor Analysis (ITTFA) (Naish, et aL, 1989). 

The three dimensional diode array data matrix is decomposed 

into three smaller matrices (singular value decomposition). U 

can be considered as a matrix o f rows of abstract 

chromatograms and V i s a  matrix of columns of abstract spectra 

both linked by a diagonal matrix (Z) containing the eigenvalues 

of the principal components.
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To obtain the optimum solvent composition a "contour plot" which gives 

a multicoloured contour map of the solvent triangle was created. Simulated 

chromatograms could be viewed and compared and the best theoretical 

chromatogram chosen and run.

4.2 MATERIALS AND METHODS

4.2.1 Production and partial purification of the solanapyrones

Solanapyrones A, B and C were obtained from static cultures of A. rabiei 

6 K grown in Czapek Dox liquid medium supplemented with a metal cation 

solution (ZnSO4=50mg/l) and incubated at a temperature of 20°C for 15 days (as 

in section 3.2.1.). The compounds were partially purified by solid phase 

extraction (Section 3.2.6.1.).

4.2.2 Data collection and analysis

Data were acquired on a Philips high performance liquid chromatography 

(HPLC) system (section 3.1.7.3.) using the PU6003 Diode Array Software. 

Computer modelling was achieved using the PU6100 software. Chromatography 

was performed on a cartridge column 15cm in length and 3.9mm in diameter, 

w ith a disposable precolumn guard cartridge both containing Nova Pak C l 8 , 4//m 

particle size (Waters Ltd., U.K.). The solvents used were HPLC grade (Fisons Ltd., 

U.K.) methanol, acetonitrile, tetrahydrofuran and double distilled water.

A ll solutions were continuously degassed w ith dry helium gas, to ensure 

bubbles did not form w ithin the system. Initially the column was equilibrated for 

30 - 40 minutes w ith double distilled water at a flow  rate of 1 ml/min. 

Equilibration of the column w ith the new solvent composition was essential to 

ensure that erroneous results did not occur owing to residue solvents from the 

previous run.

To find the exact time at which the gradient reaches the injection loop, 

a methanol gradient (0 % - 1 0 0 % methanol over 2 0  minutes at a flow  rate of 

1  ml/min.) was performed using acetonitrile (20//I) as a blank. The blank was 

injected at the same instant that the gradient was started. Retention time for the 

acetonitrile peak (RT^cn) was noted. The retention time for the start of the
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gradient run (RT^^eo h  g r a d .) was recorded. Subtracting the retention times ( R T ĵ eo h  

GRAD. - RTacn) resulted in the time it takes for the gradient to reach the injection 

loop from the mixer valves. The column was equilibrated again for 40 minutes 

w ith double distilled water before the methanol test gradient was started. 

Injection of the sample occurred after the calculated delay time and the gradient 

was run for 2 0  minutes.

Chromatograms were studied and the first and last peak retention times 

were entered into the PU6100 plane programme software. The programme 

calculates the required methanol/water composition for K' where the first peak 

comes out at a K' of 1 and the last peak comes out at a K' of 10, so that an 

acceptable analysis time can be achieved. This solvent composition is 

programmed into the mixer and the column allowed to equilibrate for 30 minutes 

before injecting the sample and running for 30 minutes.

The methanol corner w ith in the PU6100 programme was updated w ith 

the new retention times of the first and last peaks and a new methanol/water 

composition was calculated. These new values were programmed into the mixer 

and the whole procedure repeated until the retention times of the first and last 

peaks were exactly (±  5%) the same as that predicted by the PU6100 

programme.

The procedure was repeated for the acetonitrile and tetrahydrofuran 

corners until the chromatograms gave similar values to those predicted in the 

software. An isoeluotropic plane was calculated (Fig. 4.3) and printed. The seven 

remaining solvent compositions were run ensuring at least 30 minutes 

equilibration time with the new solvent composition between each run.

Once all the data had been collected, the chromatogram w ith the most 

peaks was chosen as a reference.
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Fig. 4.3 Isoeluotropic planes calculated by the software. The starting 

predictions are based on theoretical calculations and the final 

predictions are based on updated Teal' values, obtained from 

experiments.
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4.2.3 Processing of chromascan data

Each chromascan was processed in the main menu of the PU6100 

programme. A chromascan was 'CALLED' and loaded for processing. Peaks were 

found in the 'FIND PEAKS' function. The process finds the peak positions of 

resolved and partially resolved peaks from the second derivative of each 

chromatogram either at one wavelength or from a 'maxplot' (the highest 

absorbence at each individual time unit over the range from X = 220nm - 390nm). 

Parameters set in the 'MAIN MENU' were 'Maxplot', wavelength cutoff point = 

220nm, 'TSTART' = 2 minutes and at a 'W ID TH ' = 0.015 (this defines the time 

w indow  of the second derivative peak finding routine as twp/(tp X 2 ), where twp 

= the last peak width and tp = retention time in seconds of the last peak).

The computer takes the three dimensional data, breaks them down into 

segments containing the peaks (based on Principal Components Analysis) 

involving mathematical manipulations of the absorbence/wavelength/retention 

time data. Manual addition of peaks maybe made at this point if the second 

derivative method did not identify them.

When most of the peaks were found the data was reconstructed (under the 

'FIND SPECTRA/PROFILES' menu) which deconvoluted overlapping peaks and 

also refined the spectra of those peaks (by dividing each chromatogram into 

segments and generating a set of Eigenvalues). The reconstructed peaks were 

viewed w ith respect to the maxplot chromatogram.

Spectra of the deconvoluted peaks were compared. Once all the spectra 

had been obtained for each peak, they were added individually to the 'reference 

set'.

The first chromascan to be processed contained the most peaks which 

were well resolved and this was used as a reference set (which could be updated 

if other new peaks were found during processing of other chromatograms).

A ll chromascans were then processed w ith respect to the reference peak 

data. Spectra/peaks could by viewed, matched and compared before being 

labelled or added to the reference set. Each chromascan was then saved as an 

'assignment'.
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4.2.4 Modelling and optimisation

To model and optimise the data (in the OPTIMISE/MODEL menu) the ten 

chromascans were arranged in the order in which they were run. A ll peaks were 

chosen for the optimisation, although specific peaks of interest could be selected.

A three dimensional plot of the variation in K' w ith a solvent composition 

for a single component was viewed (in the RETEN SU REACES menu) to ensure 

that the retention surface was smooth and therefore the assignments were 

allocated properly.

The response surface was viewed (in the RESPON SUR menu) and one of 

the response functions was chosen (SMIN for maximising the separation of the 

two least resolved peaks). The smoother the response surface the more accurate 

the optimisation.

To view the effect of changing solvent composition on the chromascans 

and to select the optimum solvent composition, the multicoloured contour map 

triangle was viewed (in CONTOUR PLOT menu). The cursor was moved around 

the triangle and the desired solvent composition entered to be viewed as a 

simulated chromatogram. Seven chromatograms could be viewed and compared 

(in the PREDICT CHROM menu) and the optimal solvent composition was 

recorded.

4.3 RESULTS

4.3.1 Data collection and analysis

The initial isoeluotropic plane was determined from the gradient 

MeOEt/water run. Retention times of the first and last peaks (Table 3) were 

entered into the PU6100 software, which predicted a new MeOH/water 

composition with theoretical retention times for the first and last peaks (Eig. 4.3). 

The new solvent composition was run and the whole procedure repeated until the 

'real' retention times of the first and last peaks, matched the computed 

(theoretical) retention times of the first and last peaks (Fig. 4.3).
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Table 3.

Data obtained from the initial methanol/water gradient.

Time (min)

Running time 20.00 (0% - 100% MeOH)

Solvent front 1.40

First peak 15.25

Last peak 15.30

145



This procedure was repeated for the acetonitrile (ACN) corner (initial 

composition predicted and final experimental and theoretical compositions 

predicted in Fig. 4.3) and the tetrahydrofuran (THF) corner (initial composition 

predicted and final experimental and theoretical compositions predicted in Fig. 

4.3).

Final solvent compositions as predicted by theoretical and experimental 

data, were printed (Fig. 4.4) and the remaining seven isocratic compositions were 

run and the data collected.

4.3.2 Processing of chromascan data

Once all the data had been collected, the chromascans were viewed. The 

chromascan corresponding to solvent 6  (Fig. 4.4) was chosen as the reference 

chromascan because the peaks were well separated. Peaks were found and the 

spectra refined in the 'FIND PEAKS' function before adding the information to the 

reference set.

The nine other chromascans were processed w ith compounds labelled 

w ith respect to the reference set. Labelling of the peaks was reviewed manually 

using spectral matches to ensure the method had been carried out correctly. After 

the peaks in all ten chromascans had been assigned, the software was used to 

model retention surfaces for each individual toxin (Fig. 4.5). The surfaces for all 

three toxins were smooth indicating that the assignments made were correct and 

the optimisation predicted would be accurate.

A response surface was generated by the software, showing the effect of 

changing solvent composition on all three toxins (Fig. 4.6). An alternative 

representation of the response surface, the contour plot, showed the effect of 

changing solvent composition on all three toxins (Fig. 4.7), w ith the light areas 

corresponding to the solvent composition giving the best separation.

Several compositions were tested (Fig. 4.8). The compositions which gave 

the best separation theoretically and experimentally consisted of 56.3% water, 

21.9% MeOH, 2.0% ACN and 19.8% THF (Fig. 4.9).
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Final isoeluotropic plane updated in the light of 

experimental data.

(1)
62.57oMeOH

0.07oACN
0.07oTHF

(2)
41.27oMeOH

15.07oACN
0.07oTHF

(3)
41.27oMeOH

0.07oACN
10.87oTHF

(4)
20.67oMeOH

30.1 7o ACN 
0.07oTHF

(5)
20.67oMeOH

15.07oACN
10.87oTHF

(6)
20.67oMeOH
0.07oACN

21.67oTHF

(7)
0.07oMeOH

45.67oACN
0.07oTHF

(8)
0.07oMeOH
30.17oACN

10.87oTHF

(9)
0.07oMeOH
15.07oACN

21.67oTHF

(10)
0.07oMeOH
0.07oACN

32.77oTHF

Fig. 4.4 The final predicted isoeluotropic plane calculated by the 

software from data at the three corners. A ll the remaining seven 

solvent compositions were then run.
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Fig. 4.5 From the ten runs, the behaviour of the solanapyrones was 

predicted theoretically by the software. Retention surface 

diagrams predict the behaviour of the solanapyrones over the 

isoeluotropic plane. The smoother the retention surface the 

more likely the model has predicted the correct optimum 

solvent composition.

a) Shows the retention surface of solanapyrone A.

b) Shows the retention surface of solanapyrone B.

c) Shows the retention surface of solanapyrone C.
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Fig. 4.6 The response surface of all three solanapyrones was predicted 

from the ten runs, theoretically by the software. This diagram 

predicts the behaviour of the solanapyrones over the 

isoeluotropic plane. Again like the retention surface diagrams, 

the smoother the surface the more likely the model has 

predicted the correct optimum solvent composition.
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0.0 % THF 0 0 % ACM62.S % M*OH 37 5 % Water

MeOH ACM THF V a lu e  
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0 .0  k MeOH 

6 7 .3  k Mater
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Fig. 4.7 The contour plot shows the top view of the response surface of 

all three solanapyrones. This diagram predicts the behaviour of 

the solanapyrones over the isoeluotropic plane. Dark regions 

on the plot are solvent compositions where separation of the 

solanapyrones are least defined. Light regions indicate solvent 

compositions where the toxins have the highest probability of 

giving good separation.
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24 .9%M, 5.(MW,17.7»T > Va:»4.7E-04
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21.8%M,24.7%A, 5.7»T> U al-7 .6E-0G

24.9%M.26.4%A, 2.4% T) V a l- i  2E-04

Fig. 4.8 From the contour plot, theoretical chromatograms can be 

displayed as sticks. A solvent composition is then chosen from 

these predictions and run.
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W#v#l#mgth
( nm )

Tim# ( mlm# )

Fig. 4.9 The final predicted solvent composition which is in close 

agreement w ith the experimental solvent composition with 

water at 56.3%, methanol at 21.9 %, acetonitrile at 2.0% and 

tetrahydrofuran at 19.8%.
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4.4 DISCUSSION

Application of solvent optim isation to the separation of solanapyrone 

toxins by HPLC was successful in predicting a solvent composition fo r the m obile 

phase which gave baseline separation o f all three compounds. Previously, a 

solvent composition of 50% aqueous ACM was used and quantitative analysis of 

solanapyrone B and C was not possible because the compounds co-eluted.

There were three methods available (already mentioned earlier) to 

separate the compounds. Firstly the total ly experimental method where numerous 

experiments are carried out and the best chosen. This trial and error strategy, 

because of the number of constituents involved, makes the method slow  and 

liable to miss optima.

The second method requires sequential optim isation and relies on search 

algorithms where the preceding experiments are utilised in deciding in w hich 

direction the search should progress (Wright, 1990). A  procedure using this 

method and w ide ly  accepted is the Simplex method devised by Spendley et a/. 

(1962), where the Simplex itself is a geometric shape w ith  one more vertex than 

the number of variables under study i.e. a triangle for tw o variables and a 

tetrahedron for three variables etc..

Each vertex corresponds to a set o f operating parameters of solvent(s) and 

it is necessary to run a chromatogram w ith  these conditions. The quality o f the 

separation achieved is assessed for each vertex and they are ranked from best to 

worst w ith the worst separation rejected and a new com bination or vertex 

generated by reflecting it through the plane jo in ing  the remaining vertices. 

Repeated application of the Simplex procedure, using w ell defined and simple 

rules, leads to the search being directed over the response surface towards a 

region containing the optimum separation (Fig. 4.10).

To automate the Simplex procedure, the chromatographic response 

function (CRF) developed by Berridge (1982) is used. This response function 

determines the resolution between the adjacent peaks observed in the 

chromatogram rather than between specified components.
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Sim plex proceedure  of two variables

Variable 2

Optimum

V ariab le  1

Fig. 4.10 Typical movements fora modified sequential simplex procedure 

where two variables are under study. The initial simplex is 1, 

1, 3 and the optimum response surface is located close to point 

17 (Wright, 1990).
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Recognition of the components in the chromatogram is therefore not 

necessary and can be used to deal w ith unknown samples where the number of 

components has not been determined.

However this procedure can create a number of "local optima" and the 

search may become trapped around one of these points. Local optima w ill be 

observed for any separation where peak elution order changes over the response 

surface, or where different pairs of peaks produce limited resolution in different 

regions. This means that the "optimum" separation located by the Simplex 

procedure is not necessarily the best which can be achieved for these variables. 

A global optimum is usually assumed if Simplex procedures started from different 

regions converge on the same point.

Detection of all components is very important in the Simplex procedure, 

as is establishing peak homogeneity. If peak overlap is not detected and/or not 

all components are included in the response function this w ill lead to false optima 

and inadequate separations.

The third method is based on an interpretative method where the aim is 

to model chromatographic behaviour by the choice of eluent components. 

Sufficient data is needed to enable the fitting of a mathematical model to the 

parameter selected, this usually being a measure of retention time. The majority 

of experimental schemes used are based on factorial designs and can be applied 

to a mobile phase consisting of a number of organic modifiers and an aqueous 

component where no single solvent or the overall total can exceed 1 0 0 %.

In reversed-phase chromatography it has been predicted that MEOH, ACN 

and THE (all water miscible) show the greatest differences in selectivity (Snyder, 

1978). Inclusion of all three modifiers in an optimisation procedure would enable 

selectivity effects to be fu lly exploited.

The "factor space" generated from three organic modifiers and an aqueous 

constituent can be described by a tetrahedron (Eig. 4.1). It is possible to collect 

sufficient data to model retention behaviour throughout the entire factor space but 

this is of limited use because regions which are high in the aqueous component 

often lead to extended analysis times, while regions low in the aqueous phase 

lead to the peaks eluting on the solvent front (Wright, 1990).
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Only a limited region of the defined factor space need be considered and 

this area can be reduced into a single plane taken through the tetrahedron. In this 

way the number of variables is restricted to three as any point on the plane can 

be generated by mixing appropriate proportions of the three corner eluents (i.e. 

MEOH-aqueous, ACN-aqueous and THF-aqueous). The location of the corners 

dictates the proportion of water in the aqueous solvent, removing this fourth 

variable.

Selection of this plane is important and is chosen so that the last peak 

elutes w ith a specified retention time. The most efficient way of doing this is to 

run a MEOH-aqueous gradient (0% - 100%) which predicts the appropriate 

isocratic MEOH-aqueous composition necessary to provide the required analysis 

time (Schoenmakers et a/., 1981). Once the MEOH-aqueous eluent has been 

established, the ACN-aqueous and THF-aqueous compositions yielding the same 

retention time for the last peak may be predicted. In theory every point on the 

plane should provide the same analysis time, i.e. the plane w ill be isoeluotropic.

The advantage of this procedure is that the entire response surface can be 

modelled from a limited number of experiments giving the location of both global 

and local optima, together w ith information on method robustness. The retention 

time of each individual component needs to be established in every 

chromatogram. It is not necessary to know the chemical structure of a 

component, only where it occurs in each chromatogram. A significant drawback 

is that there is the need for peak recognition especially if peaks cross over or co

elute.

The solvent optimisation software (Philips) addresses some of the 

limitations of both the sequential method and the interpretative method. 

Sequential approaches are inefficient in their searches as only a lim ited area of the 

response surface is explored w ith associated risk of missing the global optimum, 

w hile  interpretative procedures frequently suffer model inaccuracy. The solvent 

optimisation software fits simple models to a few experimental points and 

sequentially refines the models w ith a small number of additional points 

(Schoenmakers et a/., 1982).
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4.4.1 Modelling and optimisation

This method of using peak labelling, retention modelling and prediction 

of optima provides a powerful system for optimization (Fig. 4.2). The model 

provides retention predictions in good agreement w ith the experimental results 

at the global optimal solvent composition(s) and can be obtained from a low 

number of chromatograms (10 on the isoeluotropic plane). Also the ability to 

asses the whole plane and compare optima have great advantages over the totally 

experimental method and the sequential method.
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CHAPTER 5

SENSITIVITY OF CHICKPEA CULTIVARS TO THE SOLANAPYRONES

5.1 INTRODUCTION

Ascochyta rabiei isolates were found to produce solanapyrones in various 

cultures, as seen in chapter 2. Preliminary studies were developed in order to 

investigate the importance of the toxins. Treating tissues or cells w ith toxins is 

inherently simpler and quicker than performing infection experiments in the field. 

In this way toxins can be used as tools in screening and in the selection of toxin 

insensitive cell lines from tissue callus (Durbin and Graniti, 1989; Buiatti and 

Ingram, 1991; Graniti, 1991).

However, these techniques depend on whether the toxins play a crucial 

role in the development of the disease. A bioassay of the solanapyrones was 

developed involving cells isolated from chickpea leaflets using an enzyme 

mixture. From these preliminary results the importance of the solanapyrones can 

be ascertained. If cells are found to be sensitive to the solanapyrones, 

experiments using purified solanapyrones incubated w ith chickpea callus could 

then be performed. The most resistant calli would be selected and regenerated 

to see if resistant cell lines could be produced.

5.2 MATERIALS AND METHODS

Plants were grown as in section 2.2.1. for 14 days and were watered 2 

hours before cell preparation. Leaflets from young leaves were harvested.

5.2.1 Solutions for single cell preparation

Holding buffer:-Citric acid (monohydrate), 10.5g/l;MgSO4.7H20,0.247g/l; 

K2 HPO 4 , 0.174g/l; CaCl2 .H 2 0 , 0.735g/l; NaOH, 6.2g/l and Glucose lOOg/l.

Digestion solution:- Pectolyase Y23, 0.05g/l (Seishin pharmaceutical Co., 

Nihonbashi, Tokyo, Japan); macerozyme, 15g/l (Kinki Yakult Mfg Co. Ltd, 

Siingikancho, Nishinomigi, Japan); bovine serum albumin, 0.5g/l; Glucose,
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lOOg/l; Citric acid (monohydrate), 10.5g/l; MgSO^.ZH^O, 0.247g/l; K^HPO^, 

0.174g/l; CaCl2 .H 2 0 , 0.735g/l and NaOH, 6.2g/l to bring to pH 5.8.

5.2.2 Preparation of single cells

Leaflets were placed in the digestion solution and the whole mixture was 

vacuum infiltrated for 30 - 60 seconds to ensure that most of the air spaces w ith in  

the leaves were filled w ith liquid. The mixture was agitated using a magnetic 

stirrer (60rpm) for 15 - 30 minutes. Cells were separated from debris by filtering 

through 2 - 4  layers of muslin cloth.

The resulting suspension was centrifuged for 5 minutes at 85g. Cells were 

pelleted and the enzyme solution decanted carefully. Ice cold holding buffer was 

mixed gently w ith the pellet to produce a suspension. This was centrifuged again 

at 85g for 5 min. and the procedure repeated twice.

Cells were suspended in cold holding buffer and made up to a 

concentration of 1 X 10^ cells/ml (absorbence at A of 620nm =  0.1A units for 

chickpea cells). V iability was tested using fluorescein diacetate (section 5.2.4.).

5.2.3 Preparation of samples

Microtest plates (96 wells) numbered 1-12 and lettered A-H were used to 

incubate the samples with the cells. Samples dissolved in either holding buffer 

or the appropriate solvent, were placed 1 0 0 //I at a time, in duplicate in the first 

wells. Serial two fold dilutions were made across the plate. A chickpea cell 

suspension (50/yl) was added to all the wells. A lum inium  foil was wrapped 

around the microtest plate and the plate was incubated for 3 hours at 25°C.

5.2.4 Viability of cells

Viability was tested w ith fluorescein di acetate solution which was prepared 

by adding 5mg to 1 ml of acetone and diluting this solution with holding buffer 

(1:50).

Cells (50/yl) were mixed with the fluorescein di acetate solution (50/yl) in 

a 96 well microtest plate (ICN Flow labs., Scotland) and incubated for 2 min.. 

The cells were viewed under an Olympus inverted microscope (Model IMT)
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equipped w ith epifluorescence optics. Light from a quartz halogen lamp was 

filtered by an exciter filter (IF490) and reflected onto the microtest plate by a blue 

dichroic m irror (DN-500) containing a built in barrier filter. The fluorochrome 

molecule fluoresced green in live cells and was enhanced when viewed against 

a red background supplied by a low intensity tungsten filament lamp equipped 

w ith  a red barrier filter (Fig. 5.1).

5.2.5 Assaying of samples

After the incubation period, fluorescein di acetate solution (50/yl) was 

added to the control wells (row 12A-12H), and incubated for 2 min. (section 

5.2.4.). Cells (50 in each well) were examined and the percentage alive was 

recorded.

The fluorescein di acetate mixture (50//I) was added to the remaining wells 

and the cells counted. Results were converted to percentage cell death using the 

formula:-

C - T
  X 100 = 7o Cell death.

C

Where C = Number of live cells in the control wells.

T = Number of live cells in the test wells containing 

the sample preparation.

Probit percent cell death (Appendix 3) was plotted against the log2  d ilution factor 

and the dilution factor corresponding to the LD 5 0  of chickpea cells was 

ascertained. Units/ml of activity were calculated by m ultip lying the dilution factor 

by 2 0  since each well contained only 50//I of toxin preparation.
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Fig. 5.1 Single ceils from cultiver ILC-482. Fluorescing cells (bright 

green) are alive and non-fluorescing (dark) are dead.
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5.2.6 Cultivar sensitivity to solanapyrones

Cultivars ILC-190, ILC-215, ILC-249, ILC-1929, ILC-2956, ILC-482, ILC- 

5928, ILC-3279 and Amdoun, were grown as in section 2.2.1. Bioassays were 

performed (section 5.2.5) using separate solanapyrone A, B and C solutions.

5.2.7 Tissue culture

5.2.7.1 Tissue culture agar

The medium was prepared (Appendix 4) and autoclaved at 12TC  for 20 

minutes. Vitamins and unstable elements were filter sterilised (M illipore 0.2/ym 

filters) and added aseptically to the cooling agar (at about 30°C - 40°C) before 

pouring plates (2 0 m I/p I ate).

5.2.7.2 Callus initiation and maintenance

Callus was initiated from radicle meristems of cultivars ILC-3279 and 

Amdoun. Seeds were soaked in 5% sodium hypochlorite for 20 min. and rinsed 

aseptically three times in sterile distilled water. Seeds (15 per Petri dish) were 

placed on wet sterile Whatman no. 1 (3 per dish) filter paper and incubated at 

25°C in the dark.

The germinating seeds (3 days old) were soaked in 5% sodium 

hypochlorite for 15 minutes and rinsed aseptically 3 times w ith sterile distilled 

water. Using sterile forceps and a scalpel, the first 2-3mm of the radicle was 

removed and placed on the tissue culture agar (5 tips per plate). The plates were 

sealed and incubated in the dark at 25°C.

Callus was transferred aseptically to separate agar plates and incubated at 

25°C in the dark for about 3-4 months. At regular intervals, the calli were 

examined and any contaminated or dead callus removed aseptically. After every 

3-4 months, live calli were subcultured onto fresh agar.

5.4.8 The effect of solanapyrones on callus

The medium was prepared as in section 5.2.7.1 and the solanapyrone 

solution (solanapyrone A = 0.32mM, solanapyrone B = 0.40mM and 

solanapyrone C = 0.55mM) was filter sterilized and added to the cooling agar.
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Callus (about 0.5cm^) was transferred to the agar plates containing the toxins and 

incubated in the dark at 25°C.

5.3 RESULTS

5.3.1 Preparation of cells

Cells could be generated from the digestion procedure (Fig. 5.1) w ith 90% 

or greater viability.

Vacuum infiltration allowed the digestion solution to penetrate into the 

leaflets and decreased incubation times by up to 20 min. Long periods of 

vacuum infiltration (greater than 90 seconds), decreased the viability of the cells 

due to physical damage (cells with weak walls tended to explode ).

Agitating the leaflets dislodged cells and allowed the enzyme mixture to 

digest new tissue. Excessive agitation decreased the viability of the cells due to 

physical damage.

5.3.2 Cultivar sensitivity to the solanapyrones

Fig. 5.2 shows the effect of the solanapyrones on cells of different 

cultivars. Overall, solanapyrone A was the most toxic to all cultivars. Cultivar 

ILC-3279 required the highest concentration of solanapyrone A (0.118mM ± 

0.025) to cause 50% cell death, whereas cultivar ILC-2956 required the lowest 

concentration (0.02mM ± 0.003). Solanapyrone C was the next most toxic 

compound. Cultivar ILC-3279 required the highest concentration of solanapyrone 

C (0.1446mM ± 0.028) to cause 50% cell death, whereas cultivar ILC-2956 

required the lowest concentration (0.0169mM ± 0.071). The least toxic 

compound was solanapyrone B with concentrations greater than 0.40mM needed 

to cause 50% cell death in any cultivar.

5.3.3 Tissue culture

Callus initiation required many months. This was also the case when 

subculturing and growing the callus to a suitable size for analysis. Contamination 

w ith micro-organisms and death of the callus was very frequent. Viable callus, 

when formed, appeared opaque.
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Fig. 5.2 Histograms showing theconcentratlon of solanapyrones required

to cause 50% cell death in various chickpea cultivars. A) shows 

the concentration of solanapyrone A required to cause 50 % cell 

death and B) shows the concentration of solanapyrone C 

required to cause 50 % cell death. The histogram showing 

solanapyrone B is not included because the concentrations 

required to cause 50% cell death all exceeded 0.04mM.
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Exposing callus to light encouraged chlorophyll formation w ith in  the cells 

but accelerated the death of the cells.

5.3.4 The effect of solanapyrones on callus

O nly observational analysis could be carried out, as quantitative 

measurements were not possible. Amdoun callus was always killed w ith in  2 - 5  

days w ith the top layer of cells being the last to die. The reaction of ILC-3279 

callus was variable, w ith some calli dying w ith in 2  days whilst others remained 

viable for many months.

5.4 DISCUSSION

5.3.1 Preparation of cells

Isolation of single cells from chickpea plants was d ifficu lt owing to the 

delicate nature of the cells. An excess of any of the incubation procedures, 

especially physical ones such as vacuum infiltration and agitation, killed the cells. 

Vacuum infiltration helped the digestion solution to penetrate into the air spaces 

w ith in  the tissues exposing more cells to the solution. However, increased 

vacuum infiltration times caused cells to explode. Agitating the mixture allowed 

gentle dislodging of cells from the tissue exposing fresh cells to the digesting 

solution. Cells were damaged at high agitation speeds. Very low  centrifugation 

speeds were used to pellet the cells as high speeds crushed and killed the cells.

Initial experiments using a mixture of cellulase, macerozyme and 

pecto lyase, always yielded cells and protoplasts. By excluding cellulase and 

decreasing the concentration of macerozyme, more cells were obtained than 

protoplasts. Decreasing the concentration of macerozyme further (from 30g/l to 

15g/l) and increasing the pecto lyase concentration (from 0.005g/l to 0.05g/l) 

yielded a solution containing only cells. The reason for this is that cell walls are 

mainly composed of cellulose microfibrils, hemicellulose, pectins and extensin 

in a matrix (Ridge, 1991). Using cellulase the cell wall fibrils are digested. Once 

the wall is completely digested, protoplasts are released (Fig. 5.3). The survival 

rate of cells and protoplasts prepared w ith this mixture after a 3 hour incubation 

period was low (about 40% - 50%). Most of the survivors were cells. A mixture
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of cells and protoplasts complicated matters when trying to quantify the effects 

of the solanapyrones since protoplasts were more sensitive than cells to the 

toxins.

Excluding cellulase prevented digestion of the cell wall. Therefore to 

separate cells from each other w ith in the plant tissues pecto lyase was used. Cells 

are held together by a matrix (the middle lamella) composed mainly of pectin 

compounds such as arabinose, raffinose and xylose with methyl esters of 

galacturonic acid (Ridge, 1991). Using a combination of pecto lyase and 

macerozyme to digest the middle lamella, cells were obtained (although 

incubation times increased from 10 min. to 30 min.).

To replicate the conditions experienced by the plant in the field as closely 

as possible, cells were desired for the bioassay. In the field the fungus secretes 

solanapyrones into the surrounding environment. To affect the cells, the toxins 

have to pass through the cell wall. W ithout the cell wall the solanapyrones can 

either attack the cell membrane directly or pass through the membrane. The cell 

wall acts as a barrier to many compounds preventing penetration of and 

regulating passage of chemicals into the cell. Using cells instead of protoplasts 

provided a more realistic picture of how the solanapyrones may affect the plant.

5.4.2 Cultivar sensitivity to the solanapyrones

The bioassay was a very good way of assessing culture filtrate toxicity and 

of indicating how much of this was due to the solanapyrones. Many workers use 

assays to test how toxic compounds are to the host and to other organisms. Alam 

(1989) used various tests to asses the toxicity of solanapyrones. He found that as 

well as affecting chickpea protoplasts, solanapyrones affected chickpea seedlings 

w ith in  24 hours and killed brine shrimps. However, out of all the bacteria tested, 

solanapyrones only affected Salmonella (Alam, 1989).

This technique of using isolated cells/protoplasts was based on the method 

by Shohet and Strange (1989) who isolated protoplasts from leaves of pigeonpea. 

The pigeonpea cells were tested with culture filtrates of Phytophtora drechsleri 

isolates. A vital stain phenosafraine was used to distinguish live cells from dead
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in the assay. Alam (1989) used the vital stain fluorescein di acetate (FDA) which 

differentiates live and dead cells much more clearly (Fig. 5.1). Because of this 

many workers use the stain. Berglund et a/. (1988) used FDA to evaluate the 

phytotoxins triticone A-B and triticone D purified from Dreschslera [Pyrenophora] 

tritici-repentis and found that triticone A-B had a rapid dose dependent toxic 

effect on wheat protoplasts but triticone D was not toxic. T-2 toxin activity on 

wheat leaf protoplasts was tested by Chang et al. (1990) using FDA and they 

found the half lethal time (LT5 0 ) of protoplasts was dependent on the toxin 

concentration as well as the cultivar used. This result was also observed w ith 

solanapyrones tested on chickpea leaflet cells.

5.4.3 The effect of solanapyrones on callus

Quantitative analysis of solanapyrones, even when the same mass of 

chickpea callus was used, was very variable w ith both cultivars. The main 

observation was that the callus of the susceptible cultivar Amdoun died after a 

few days and some of the callus of the resistant cultivar ILC-3279 survived for a 

few weeks.

Selecting plant genotypes resistant to pathogens has become one of the 

major tasks of plant breeders both because of increasing crop losses and as a 

result of the general move towards reducing the use of chemicals in agriculture. 

However, traditional plant breeding for resistance to diseases suffers from several 

drawbacks, such as the lack of sources of resistance (genetic variability), the high 

costs, the time and space required for screening plant populations under selection, 

and the lack of "out of the field" screening methods (Buiatti and Ingram, 1991).

The use of purified pathogen toxins or culture filtrates as probes for 

resistance has been attempted during the last 10-15  years, based on considerable 

evidence suggesting a correlation between toxin tolerance and resistance to 

pathogens (Buiatti and Ingram, 1991). Toxins and culture filtrates have been 

mainly used as tools for early screening of segregating populations w ith in 

"classical" breeding programmes, or for direct in vitro selection of tolerant cells 

and subsequent regeneration of putative resistant plants (Earle et a!., 1978).
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Fig. 5.3 A mixture of single cells which are irregular in shape (A) and 

protoplasts w hich are spherical in shape (B) from cultivar ILC- 

482.
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Plant cell and tissue cultures are known to be highly variable and to  show 

a somewhat different mutation rate from that observed in the intact plant (Buiatti 

and Scala, 1984; Gavazzi et a/., 1987) and therefore have been suggested as a 

potentially useful source of mutants resistant to pathogens. Screening for novel 

mutants in vitro, before plant regeneration would result in a significant saving of 

space, time and money. It has been estimated that a potato breeder, w orking 

w ith  seedlings, can screen only 1 0 0 , 0 0 0  individuals for resistance each year, 

whereas 20 X 10^ protoplasts may be screened in a single experiment 

(MacDonald and Ingram, 1986).

Phytotoxins used as selective factors were first tested by Carlson in 1973 

using haploid cell lines of N/cot/ana tabacum. Single cells and protoplasts treated 

w ith  ethylmethane-sulfonate were cultured in the presence of a putative analogue 

of tabtoxin, methyl-sulfoxmine (MSO). Three out of many calli showing tolerance 

to MSO gave rise to plants resistant to the pathogen.

Grengenbach et a/. (1977) and Brettell et al. (1980) used maize cell 

cultures to select for tolerance to HMT-toxin. Such variants were obtained from 

susceptible Tms corn lines and these maintained a high level of tolerance to 

HMT-toxin even after several months of culture on toxin-free medium. Plants 

regenerated from tolerant TMS cultures were fu lly  resistant. The character was 

transmitted to the progeny through the female parent and appeared to be located 

on the m itochondrial genome (Grengenbach et a/., 1977; Brettell et a/., 1980; 

D ixon et a/., 1982).

Rines and Luke (1985) regenerated oat plants on media containingvictorin, 

the toxin of Cochliobolus victoriae, from calluses of the genotype VB/vb, 

susceptible to the pathogen. Nine out of the eleven regenerated plants were 

shown to be resistant to the pathogen and the resistance was found to be 

heritable. None of the 30 plants regenerated from control cultures (not exposed 

to victorin) were resistant.

Chawla and Wenzel (1987) initiated callus from 7 to 10 day old embryos 

of barley plants. They grew the callus on medium containing fusaric acid and 

from the resistant calluses regenerated plants which were resistant to the same
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concentration of toxin used during selection but that some plants were susceptible 

to lower concentrations.

MacDonald and Ingram (1986) used partially purified culture filtrates of 

Alternaria brassicicola in the preparation of tissue culture media to produce a 

selection medium for w inter oil seed rape. They observed that some plants that 

were regenerated from secondary embryoids were more resistant to the pathogen 

than seed grown plants of the same cultivar but there was no correlation between 

sensitivity to the selection medium and susceptibility to the pathogen.

Vidhyasekaran et al. (1990) working with the brown spot disease of rice 

plants caused by Helminthosporium oryxae[Cochliobolus miyabeanus], produced 

four toxin resistant calluses by the addition of toxic filtrates to cultures. Two 

calluses were used to regenerate plants which showed resistance to the pathogen. 

This resistance was heritable and stable in the R1, R2 and R3 generations.

Few workers have used the techniques discussed in this chapter to screen 

calluses although regeneration of plants from callus of chickpea has been carried 

out by many workers over the years using a variety of techniques and media 

(Khan and Ghosh, 1984; Anil et al., 1986a, b and c; Butt et a/., 1989; Rao and 

Chopra, 1989; Rao and Chopra, 1987; Rao, 1990). Rao and Naidu (1989) used 

callus grown on B5 medium supplemented w ith the pesticides 2,4-D, NAA and 

kinetin to produce pesticide tolerant chickpea lines. After regeneration, the plants 

were grown to maturity and the seeds harvested. Seeds from plants derived from 

resistant cell lines showed only marginal decreases in germination after treatment 

w ith the pesticides as compared to the controls.

In this study the use of purified pathogen toxins or culture filtrates of A. 

rabiei were tried. However, because of the extremely variable results, plants 

were not regenerated from the calli. Much more research is required before the 

full potential of screening plants for tolerance to purified solanapyrones can be 

ascertained.

However, from the prelim inary results it was observed that chickpea cells 

whether isolated in a solution or as calli, were sensitive to the solanapyrones. 

This does not imply that the cultivars are susceptible to the fungus itself. To test 

if the susceptibility of a cultivar to a particular isolate is related to the quantity of
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solanapyrones produced by the isolate, quantitative analysis of the solanapyrones 

produced by isolates needs to be performed and the results compared w ith 

inoculation tests.
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CHAPTER 6

THE RELATION OF TOXIN PRODUCTION TO VIRULENCE IN 

ISOLATES OF ASCOCHYTA RABIEI

6.1 INTRODUCTION

Isolates o i Ascochyta rabiei produced solanapyrones A, B and C in three 

liquid media (as seen in chapter 3) and the solanapyrones caused death of 

isolated chickpea cells (as seen in chapter 5). Moreover, the solanapyrones 

affected different cultivars to different extents in the single cell assay. This 

suggests that the toxins may contribute to the development of disease symptoms.

To test the relationship of solanapyrone production and virulence, isolates 

were grown in Czapek Dox liquid media supplemented w ith the defined metal 

cation solution and grown over a period of 2 1  days to measure the quantity of 

solanapyrones produced. This medium was chosen to compare toxin production 

by isolates because of the reproducibility of the results as found in chapter 3. 

Virulence of isolates was tested by inoculating three cultivars of chickpea and 

using the Linear Infection Index (III) to measure the ability of the fungus to infect 

the plant (Riahi et a/., 1990). In this technique the number of lesions (ML) and 

average lesion length (ALL) produced on the stem was measured. ALL was 

obtained by adding the length of all lesions on each stem (TLL) and divid ing by 

the number of lesions on the stem. Stem length (SL) was calculated from the base 

of the plant to the shoot apex (including branches). From these measurements a 

Linear Infection Index (Lll) was calculated as LI I = NL X ALL / SL expressed as 

a percentage.

This index best described the reaction of chickpea seedlings to A. rabiei 

(Riahi et a!., 1990) and being based on quantitative measurements of the disease 

expression, was found to separate resistant and susceptible plants better than the 

1-9 scale developed by ICARDA (Singh et a/., 1981) which uses mostly visual 

disease assessment.

In this chapter the hypothesis that the virulence of isolates is related to 

solanapyrone production is tested.
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6.2 MATERIALS AND METHODS

6.2.1 Toxin production by isolates of A. rabiei

6.2.1.1 Liquid media

Czapek Dox liquid media supplemented with the defined metal cation 

solution (ZnSO^ concentration of 50mg/l) were prepared as in section 3.2.1.

6.2.1.2 Analysis of culture filtrates

All culture filtrates were harvested (as in section 3.2.5.) and the 

solanapyrones were extracted by solid phase (section 3.2.6.1.). A ll culture 

filtrates, washes and purified samples were analyzed by HPLC (section 3.2.7.3.) 

and the single cell assay (as in section 5.2.).

6.2.1.3 Solanapyrone degradation

Isolate 6 K was grown on Czapek Dox liquid media supplemented w ith the 

defined metal cation solution (ZnSO^ concentration of 50mg/l) section 3.2.1. 

After 30 days the culture filtrate was harvested (section 3.2.5.) and divided into 

15 portions.

The first three portions were analyzed for solanapyrones (section 3.2.7.3.). 

To the other portions a solution containing solanapyrone A = 0.32mM, 

solanapyrone B = 0.40mM and solanapyrone C = 0.55mM was added.

Samples were filter sterilised through sterile 0.2/ym (Whatman) filter paper 

and incubated at 20°C in the dark for 1 hour, 5 hours, 24 hours and 72 hours. 

The samples were analyzed for solanapyrones (Section 3.2.7.3.).

6.2.2 Testing of virulence

6.2.2.1 Plants

Cultivars ILC-3279, ILC-482 and Amdoun were used in the tests. Chickpea 

seeds were soaked in distilled water at room temperature for 1 2  hours and grown 

as in section 2 .2 . 1 .

Plants were inoculated 14 days after germination (section 2.2.3.) and 

incubated in growth chambers at a temperature of 20°C, w ith a photoperiod of
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16hrs daylight per day at an overall light intensity of 2 0 0 //mol m V  at plant 

height.

6.2.2.2 Disease evaluation

Disease reaction was evaluated by the Linear Infection Index of Riahi et 

a/. (1990). The number of infected plants at the beginning of the experiments 

was zero w ith an observed frequency of 100% at LH% = 0, i.e. no lesions. Over 

the weeks, disease symptoms developed and the observed frequency of infected 

plants for each Lll% increased. When the total lesion length covered 11 % of the 

stem length or Lll% = 11 or more, the plant was deemed susceptible to the 

fungal isolate. Infected plants w ith Lll% values greater than 11 are not included 

in the histograms as they were usually dying or dead.

Controls were run in conjunction with the treatments. The first control 

(negative control) consisted of uninoculated plants of the 3 cultivars and the 

second control (positive control) consisted of the 3 cultivars inoculated w ith a 

spore suspension of the most virulent isolate 6 K (PUT7).

At the end of the experiments the sand and plants were autoclaved at 

121°C for 30 minutes and the pots were washed in a 5% sodium hypochlorite 

solution, then wiped w ith ethanol.

6.2.3 Mating of isolates

All isolates of A. rabiei collected and single spored were crossed against 

each other (Table 4). Pycnidiospore suspensions of the various A. rabiei isolates 

were made up to a concentration of 1 X 10^ and mixed together aseptically.

6.2.3.1 Plant material

Plants of the cultivar Amdoun were grown as in section 2.2.1. and were 

harvested at various stages in the life cycle (Appendix 5). The plant material was 

surfaced sterilized w ith a 5% sodium hypochlorite solution for 5 minutes or w ith
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propylene oxide for 1  minute, then washed three times w ith sterilized distilled 

water. Plant pieces were dried with sterile tissue before inoculation.

6.2.3.2 Inoculation of the plant material

Spore suspensions were mixed together in a sterile beaker. The plant 

pieces were placed in the spore solution for 10 - 30 minutes and transferred to 

either sterilized moist tissue paper (within sterile plastic bags and sealed) or 

placed in sterile petri dishes (containing 5ml of sterile distilled water and 5 pieces 

of sterilized Whatman no.1 filter paper). They were incubated at 4°C, 10°C, 15°C 

for 2  months.

6.2.3.3 inoculation of growing plants

Plants were grown as in section 2.2.1. and inoculated w ith a spore 

suspension containing two isolates of A. rabiei (as in section 2.2.3.) and left to 

grow w ith in  muslin cages at a temperature of 10°C - 19°C for 2  months.

A few plants from each experiment were harvested at weekly intervals and 

incubated as in section 6 .2 .3.2 .

176



T a b le  4

Ascochyta rabiei isolate crosses

6K 2 6 2 8 2 9 3 9 CER TAR PIE TAV BAR ORI RAC 8 7 1 0

6K / / / / / / / / / / / /
2 6 / / / / / / / / / / /
2 8 / / / / / / / / / /
2 9 / / / / / / / / /
3 9 / / / / / / / /

CER / / / / / / /
TAR / / / / / /
PIE / / / / /
TAV / / / /

BAR / / /
ORI / /
RAC /

8 7 1 0
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6.2.3.4 Observation of inoculated samples

All material was observed under a phase contrast light microscope for 

pseudothecia.

6.3 RESULTS

6.3.1 Liquid media

Every isolate tested produced solanapyrones A, B and C in culture (Fig. 

6.1). Isolate 6 K produced the greatest total quantities of solanapyrones 

(solanapyrone A = 0.832mM, solanapyrone B and C = 0.330mM), whereas 

isolate TAV produced the least solanapyrones in culture, solanapyrone A = 

0.150mM, solanapyrone B and C = 0.012mM (Fig. 6.1).

Production of solanapyrones in all isolates occurred after day 6 . Peak 

production of the solanapyrones varied between isolates. Isolates produced 

maximum titres of solanapyrone A between day 6  and day 12, e.g. isolate 39 in 

Fig. 6.2 (maximum titres at day 9 for solanapyrone A = 0.536mM ± 0.13) and 

isolate 29 in Fig. 6.3 (maximum titres at day 9 for solanapyrone A = 0.280mM 

± 0.03), or between day 12 and day 18, e.g. isolate 6 K in Fig. 6.2 (maximum 

titres at day 15 for solanapyrone A = 0.832mM ±  0.02) and isolate 28 in Fig. 6.3 

(maximum titres at day 12 for solanapyrone A = 0.106mM ± 0.003).

Solanapyrone B and C peak production occurred between day 6  and day 

12 e.g. isolate 6 K in Fig. 6.2 (maximum titres at day 12 for solanapyrone B and 

C = 0.330mM ± 0.08) and isolate CER in Fig. 6.3 (maximum titres at day 9 for 

solanapyrone B and C = 0.264mM ± 0.05), or between day 12 and day 18 e.g. 

isolate RAC in Fig. 6.2 (maximum titres at day 15 for solanapyrone B and C = 

0.055mM ± 0.01) and in Fig. 6.3 isolate 28 (maximum titres at day 15 for 

solanapyrone A = 0.083mM ± 0.03). In all cases more solanapyrone A was 

produced than solanapyrone B and C combined (Fig. 6.1).
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Fig. 6.1

A histogram showing the maximum titres of solanapyrones produced by Ascochyta rabiei isolates over 21 days. The fungus was 

grown in Czapek Dox liquid medium supplemented with a defined metal cation solution and incubated at a temperature of 20°C.

Solanapyrone A [///////] Solanapyrone B and C :- [ ]
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C o n c e n t r a t i o n  ( m M )

0.6  -

A R - 8 7 1 0

0 .2  -1

I s o la t e
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Fig. 6.2

Histograms showing the quantity of solanapyrones produced by Ascochyta rabiei isolates over 21 days, grown in Czapek Dox 

liquid medium supplemented w ith a defined metal cation solution and incubated at a temperature of 20°C.

a) Isolate 6 K b) Isolate TAR

c) Isolate 39 d) Isolate 26

e) Isolate BAR f) Isolate RAC

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates) :■
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Fig. 6.3

Histograms showing the quantity of solanapyrones produced by Ascochyta rabiei isolates over 21 days, grown in Czapek Dox 

liquid medium supplemented w ith a defined metal cation solution and incubated at a temperature of 20°C.

a) Isolate PIE b) Isolate CER

c) Isolate 29 d) Isolate 28

e) Isolate AR-8710 f) Isolate TAV

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Mycelial dry weight increased over the time course (Fig. 6.4) w ith isolate 

39 producing the greatest quantity (9.63g/l) and isolate TAV producing the least 

(6.433g/l).

The pH of the culture filtrate of all isolates changed from 5.6 to between 

7.5 and 10 over the time course (Fig. 6.4).

Activity of the original culture filtrates (Fig. 6.5 and Fig. 6 .6 ), were 

consistent w ith the amounts of solanapyrones present. Peak activity varied 

between day 6  and day 12 for some isolates, e.g. for isolate 39 in Fig. 6.5 (peak 

activity at day 9 = 7.208 ± 2.53 units/ml) and between day 12 and day 18 in 

other isolates, e.g. for isolate PIE in Fig. 6 . 6  (peak activity at day 18 = 2.233 ± 

1 . 1 1  units/ml).

6.3.2 Solanapyrone degradation tests

Concentrations of solanapyrones in the samples did not change when 

incubated w ith culture filtrates, although there was slight variations showing that 

no enzyme that degraded the compounds was secreted into the medium (Fig. 

6.7).

6.3.3 Testing of virulence

Cultivar Amdoun, in all tests was the first to show disease symptoms and 

cultivar ILC-3279 the last. At the end of the four weeks Amdoun (depending on 

the virulence of the isolate) was usually severely infected or dead and ILC-482 

and ILC-3279 were infected to varying degrees (Fig. 6 . 8  to Fig. 6.19).

The least virulent isolates were AR-8710 (Fig. 6 .8 ), 29 (Fig. 6.9), TAV (Fig. 

6.10) and CER (Fig. 6.11) w ith all three attacking Amdoun severely but hardly 

affecting ILC-482 and ILC-3279 by the end of the four weeks. In contrast, the 

most virulent isolates 6 K (Fig. 6.12), 39 (Fig. 6.13), TAR (Fig. 6.14) and 26 (Fig. 

6.15) attacked both Amdoun and ILC-482 severely by the second week, killing 

Amdoun plants by the third week and severely infecting ILC-482 and ILC-3279 

by the fourth week. Isolates PIE (Fig. 6.16), BAR (Fig. 6.17), 28 (Fig. 6.18), RAC 

(Fig. 6.19), all affected Amdoun severely and whilst moderately infecting ILC-482 

and ILC-3279 by the end of the fourth week.
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Fig. 6.4

Histograms showing mycelial dry weight (g/l) and pH variation by Ascochyta rabiei isolates over 21 days and incubated at a 

temperature of 20°C. The culture medium consisted of Czapek Dox liquid medium supplemented w ith a defined metal cation 

solution.

a) and b) Dry weight accumulation (g/L)

c) and d) pH variation of culture filtrates
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Fig. 6.5

Histograms comparing the activity (units/ml) of pure solanapyrones to the culture filtrate activity (units/ml) on isolated cells of

chickpea cultivar ILC-482.

Ascochyta rabiei isolates were grown for 21 days on Czapek Dox liquid medium supplemented w ith a defined metal cation 

solution and incubated at a temperature of 20°C.

a) isolate 6 K

c) isolate 39

e) isolate BAR

b) isolate TAR

d) isolate 26

f) Isolate RAC

Pure solanapyrone A, B and C Culture filtrate

Standard deviation (of three replicates) :■
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Fig. 6.6

Histograms comparing the activity (units/ml) of pure solanapyrones to the culture filtrate activity (units/ml) on isolated cells of 

chickpea cultivar ILC-482.

Ascochyta rabiei isolates were grown for 21 days on Czapek Dox liquid medium supplemented w ith a defined metal cation 

solution and incubated at a temperature of 20°C.

a) Isolate PIE b) Isolate CER

c) Isolate 29 d) Isolate 28

e) Isolate AR-8710 f) :- Isolate TAV

Pure solanapyrone A, B and C Culture filtrate E:::::]

Standard deviation (of three replicates) :-
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Fig. 6.7

Histograms showing the quantity of solanapyrones in a sample of culture filtrate. The samples were incubated over a period of 

72 hours at a temperature of 20°C.

a) Solanapyrone A

b) Solanapyrone B

c) Solanapyrone C

Standard deviation (of three replicates)
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Fig. 6.8

Histograms showing the ability of/Ascochyta rabiei isolate AR-8710 to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4

Cultivar ILC-3279 :- [XXXXXXX] 

Cultivar ILC-482 :- [//////////////////]

Cultivar Amdoun : - [
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Fig. 6.9

Histograms showing the ability of/Ascochyta rabie i isolate 29 to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4

Cultivar ILC-3279 [XXXXXXX] 

Cultivar ILC-482 :- [//////////////////]

Cultivar Amdoun : - [
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Fig. 6.10

Histograms showing the ability o i Ascochyta rab ie i isolate TAV to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4

Cultivar ILC-3279 [XXXXXXX] 

Cultivar ILC-482 :- [//////fUIHfH/1/]
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Fig. 6.11

Histograms showing the ability of Ascochyta rabie i isolate CER to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.12

Histograms showing the ability of Ascochyta rabie i isolate 6K to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.13

Histograms showing the ability of Ascochyta rabie i isolate 39 to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4

Cultivar ILC-3279 [XXXXXXX] 

Cultivar ILC-482 :- { lll l l l l l/ ll l l l l l l l]

Cultivar Amdoun : - [

204



O b s e rv e d  F re q u e n c y  (%)

30

25

15

W > 1 17 e2
Linear In lectlon Index (L II) % 

Observed Frequency (%)

-| *—I *—r
0 I 2 3 4 5 6 7 e 9 W >11

L in e a r  I n le c l lo n  In d e x  (L II )  %

bj O b se rve d  F re q u e n c y  (%)

9 10 >  1 I

Linear In lectlon Index (L II) % 

Observed Frequency (%)

205
4 S 6 7 « 9 10 > 1 1

Linear In lecllon  Index (L II) %



Fig. 6.14

Histograms showing the ability of Ascochyta rabie i isolate TAR to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.15

Histograms showing the ability of Ascochyta rabie i isolate 26 to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.16

Histograms showing the ability o i Ascochyta rabie i isolate PIE to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.17

Histograms showing the ability of Ascochyta rabie i isolate BAR to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.18

Histograms showing the ability of Ascochyta rabie i isolate 28 to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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Fig. 6.19

Histograms showing the ability of Ascochyta rabie i isolate RAC to infect chickpea cultivars over a four week period.

a) Week 1 b) Week 2

c) Week 3 d) Week 4
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6.3.4 Mating of isolates of A, rabiei

6.3.4.1 Examination of plant material

Plant pieces were covered w ith mature and developing pycnidia. 

Pseudothecia could not be seen on any of the plant pieces at any of the 

incubation temperatures. Water was added to the slides to allow the release of 

spores. The material was then stained w ith cotton blue, but only pycnidiospores 

could be identified. The same result was observed on plant pieces left for 6  

months at various temperatures.

6.3.4.2 Examination of growing plants

Plants which were inoculated w ith mixtures of isolates and left to grow, 

developed typical disease symptoms w ith the majority dying after 3 weeks. 

Pycnidia were the only structures observed on the plants and when examined 

under the microscope only pycnidiospores were identified.

The harvested plant pieces which were incubated under controlled conditions 

(Section 6 .2.3.2.) also developed pycnidia and not pseudothecia.

6.4 DISCUSSION

6.4.1 Liquid media

Isolates grown in DMC medium produced the greatest quantity of 

solanapyrones over the 2 1  days, whilst those grown in leaf and stem medium 

produced the least (Appendix 8 ). Dasgupta (1986) also found variation in toxicity 

of culture filtrates of Colletotrichum capsici isolates when grown on different 

media w ith only Fries' and Richards medium allow ing toxin production.

The rapid growth of mycelium and the high production of solanapyrones 

in the DMC medium indicates that this medium contains all the nutrients essential 

for growth and toxin production. In both the CSE and the leaf and stem medium 

this was not the case suggesting there may either be a lack of these nutrients in 

the tissues of these organs or that the nutrients were not fu lly  extracted from the 

tissues during medium preparation. The variability of available nutrients in the 

extracts of the chickpea organs would then account for the high variation in the
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results between treatments and between sets of experiments or reruns (See section 

3.4.).

Results from cultures grown on DMC medium were consistent between 

sets of experiments, so it was decided to use this medium when comparing the 

virulence of isolates and toxicity of culture filtrates to the production of 

solanapyrones.

A ll washes and culture filtrates that were passed through the mini-column 

(Section 3.2.6.1.) were not active against single cells. This suggests that all the 

toxic compounds found in the culture filtrates were extracted by the ODS 

packing. Solanapyrones purified from culture filtrates were active against cells 

w ith  results similar to those in the tests carried out in chapter 3, therefore if an 

isolate produced more solanapyrones the toxic activity of the culture filtrates were 

correspondingly high.

A ll the toxic activity of DMC culture filtrates was attributable to their 

solanapyrone content. Toxic activities of CSE and leaf and stem culture filtrates 

could not be attributed entirely to the solanapyrone content (Appendix 8 ). This 

suggests that other compounds in the culture filtrates either alone or in association 

w ith  the solanapyrones could be toxic to the cells. However, these compounds 

were not detected in the washes or the solid phased culture filtrates or the eluent 

from the washed C l 8  column. Two possibilities arise. Firstly, the compound(s) 

might only be active in the presence of the solanapyrones and would therefore 

not be toxic if present in either the wash or the solid phased culture filtrates. 

Secondly, the compound(s) could be attached very strongly to the C l 8  chains of 

the ODS silica. Further tests using methanol to wash the column did not reveal 

any other compounds.

Chen and Strange (1994) found that when A. rabiei was grown on a 

medium consisting entirely of expressed sap from the aerial parts of young 

chickpea plants, only low concentrations of solanapyrones were produced but 

toxicity to isolated cells was comparable to that obtained on CSE and DMC 

medium. Further analysis revealed that a peptide was present in the culture 

filtrates causing this activity. This peptide was purified by solid phase and HPLC 

using C 2  packing which suggests that when using C l 8  packing the peptide is very
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strongly attached and cannot be eluted. The differences in the activity of the 

culture filtrates and the purified solanapyrones of CSE and leaf and stem medium 

might be explained by the presence of the peptide.

6.4.2 Solanapyrone degradation tests

Solanapyrones were produced by all isolates over the 21 day period. 

However, by day 15 production had usually peaked after which the concentration 

decreased. The only explanation for this decrease was that the solanapyrones 

were degraded. From the results this degradation does not appear to be caused 

by enzymes in the culture medium itself but by the fungus. It is not clear why 

this happens. Cotty and Misaghi (1985) working w ith Alternaria tagetica reported 

that the fungus would only grow on one of three media tried and only under 

alternating light conditions. Zinniol, a toxin produced by the fungus, was 

detected in both light and dark treatments. As w ith the solanapyrone 

concentrations in culture filtrates of A. rabiei, zinniol concentrations after a while 

decreased.

6.4.3 Virulence tests

When carrying out these experiments, conditions under which the plants 

were grown before and after inoculation, had to be exactly (or as near as possible) 

the same. Any change in these conditions caused large variation in the results 

between replicates and between experiments.

Cultivars were attacked by the fungus to varying degrees. Amdoun was 

attacked by all isolates tested. Isolates (depending on their virulence) killed or 

heavily infected all plants by the fourth week w ith even the least virulent isolate 

attacking the plants. ILC-3279 was infected by isolates 6 K, 39, TAR and 26 but 

hardly at all by the other isolates at the end of 4 weeks. ILC-482 was the most 

effective cultivar for indicating virulence. By the end of the fourth week 

distinctions between virulent isolates and non-virulent isolates could be made, 

with virulent isolates k illing or heavily infecting plants and non-virulent isolates 

barely infecting plants.
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Both ILC-3279 and Amdoun demonstrated extreme reactions when 

inoculated w ith the fungus whereas ILC-482 exhibited moderate reactions. This 

cultivar would be useful in evaluating virulence of isolates in the field. However, 

the use of many cultivars would be a much more accurate indicator of isolate 

virulence.

Gowen et al. (1989) studied the geographical variability of A. rabiei using 

chickpea cultivars of differing susceptibility under uniform growth room 

conditions. The pathogenicity of some isolates, particularly those from the Indian 

subcontinent and Western Asia, was greater than that of most isolates collected 

in the Western Mediterranean. Several cultivars already deployed in breeding 

programmes showed stable resistance to the fungus, others w ith intermediate 

levels of resistance were less stable when exposed to a high disease pressure 

developed by the repeated passaging of isolates through them. In general, they 

found differences in pathogenicity were attributed to variation in aggressiveness. 

They suggested that resistance to A. rabiei seems to be polygenic or at least 

oligogenic.

Jan and Wiese (1991) investigated the virulence of local A. rabiei isolates. 

Isolates of A. rabiei (39) were collected from different locations in the Palouse 

area of Washington state from infected chickpea seeds and plants. Each isolate 

was inoculated onto seedlings of 15 different chickpea lines in a greenhouse. The 

resultant spectrum of disease reactions rated on a 1-9 scale on each set of 

differential hosts distinguished 11 different virulence forms among the 39 isolates.

In this study, isolates from different locations around the world exhibited 

large variation in disease reaction as found by the previous authors. However, 

this variation was as pronounced w ith in countries as between countries. This 

may be a result of using the LII rather than the 1-9 scale developed by ICARDA 

(Singh eta/., 1981). The 1-9 scale was claimed to be adequate for screening large 

numbers of plants but it was not sensitive enough to clearly distinguish resistance 

from susceptibility (Riahi et ai., 1990). Tolerant reactions (4 on the 1-9 scale) and 

intermediate reactions (5 and 6  on the 1-9 scale) were found to be transition 

classes and could be grouped in the resistant or susceptible categories. A change 

from one class to another was found to dramatically affect the interpretation of the
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studies such as those concerned with the inheritance of resistance (Riahi et a/.,

1990).

6.4.4 Mating of isolates of A, rabiei

it was essential to sterilize and keep all the materials free of 

contamination, so that isolation of the progeny could be performed easily. Also 

other organisms present on the materials which could compete w ith or out- 

compete A. rabiei would be eliminated.

Pseudothecia and ascospores were not observed growing on the plant material 

in any treatment. Pycnidia completely covered the plant pieces and it was 

thought in itia lly  that these might of hidden any pseudothecia present. Careful 

observation of the plant pieces and the use of water to release spores for 

identification revealed only the presence of pycnidia and pycnidiospores.

Trapero-Casas and Kaiser (1992a) reported Mycosphaerella rabiei, the 

teleomorph of A. rabiei, on chickpea stems and pods that had overwintered in a 

field near Genesee, Idaho. The cultivar UC-5 had been severely damaged by the 

fungus in June 1985. After a w inter of heavy snowfall and extended periods of 

freezing temperatures, abundant pseudothecia containing asci and ascospores 

were found embedded in chickpea debris on the soil surface.

Further experiments by Trapero-Casas and Kaiser (1992b) showed that 

moisture was essential of initiation and development of pseudothecia and for 

discharging the ascospores. When moisture was not a lim iting factor, 

temperatures between 5°C and 15°C were ideal for teleomorph development but 

higher or lower temperatures inhibited development. Maturity was usually 

reached by day 50 under these conditions. Low temperatures and a relatively 

long incubation period are requirements for sexual reproduction in many plant- 

pathogenic members of Ascomycotina (Müller, 1979).

Pseudothecia only developed on plant debris and not on artificial media 

such as various nutrient agar media, perlite or on autoclaved chickpea debris. 

Also only mixtures of isolates but not single ascosporic isolates or some mixtures 

of isolates would develop pseudothecia suggesting that the fungus is heterothallic.
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The various fungal and environmental factors influencing teleomorph 

development on chickpea debris (Trapero-Casas and Kaiser, 1992a) may account 

for the unsuccessful attempts to produce the sexual state under controlled 

conditions (Kaiser, 1973; Kovachevski, 1936) and for the rare occurrence of the 

teleomorph in many chickpea growing regions of the world especially in warmer 

climates (Nene and Reddy, 1987; Trapero-Casas and Kaiser, 1992a).

In this investigation isolates from various regions of the world and 

locations w ith in  the regions were used to overcome the problem of 

incompatibility. However this did not solve the problem. The use of only one 

cultivar in the mating programme may have been the main factor preventing 

formation of the teleomorph stage. Although classified as susceptible to A. rabiei 

isolates, the cultivar may have been unsuitable because of the lack of certain 

compounds present in other cultivars which are essential for or help initiate 

pseudothecia development. Trapero-Casas and Kaiser (1992a) used cultivar UC-5 

in their investigations and this cultivar as well as similar cultivars may contain 

these pseudothecial initiating compounds.

6.4.5 The relationship of toxin production and virulence

From the results, there is evidence for a correlation between the level of 

virulence of the A. rabiei isolates and the phytotoxicity of the DMC culture 

filtrates and purified solanapyrones on chickpea cells (Fig. 6.20). Table 6  shows 

the linear regression analysis of the data from toxin production and virulence data 

of the isolates indicating a correlation (correlation coefficient = 0.7806 and r̂  = 

60.94%). H ighly virulent isolates seemed to be good producers of solanapyrone 

as well as being very active against single cells whilst weakly virulent isolates 

displayed the opposite trend.
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Table 5

Statistical analysis of virulence and toxin production by twelve isolates of 

Ascochyta rabiei

Regression analysis - Linear model: Y = a + bX

Dependent variable:ENG. SOL, Independent variablelENG.LII

Standard T Prob.
Parameter Estimate error value level

Intercept -0.137891 0.335322 -0.411221 0.68958

Slope 3.26513E-4 8.26723E-5 3.94948 0.00273

Analysis o f variance

Source Sum of 
squares Df Mean square F-ratio

Prob.
level

Model 4.279616 1 4.279616 15.59840 0.00273

Error 2.7436255 10 0.2743626

Total
(Corr.) 7.023242 11

Correlation coefficient = 0.780609 

Standard error of estimate = 0.523796 

R - squared = 60.94 percent
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Two isolates did not fall w ithin the confidence limits, but were low 

producers of solanapyrones and moderately virulent. However when the results 

from the CSE and leaf and stem assay were taken into account (Appendix 8 ) it 

was seen that the culture filtrate activities were higher than could be attributed 

only to the solanapyrones which could mean that other compounds such as the 

peptide found by Chen and Strange (1994) could be playing a greater role in 

pathogenicity of these isolates.

If the two isolates (isolate 28 and AR-8710) are ignored and the linear 

regression re-analyzed (Fig. 6.21), the correlation between isolate virulence and 

soianapyrone production (Table 6 ) is very close (correlation coefficient = 

0.907705 and r̂  = 82.39%). Many other workers have found evidence 

suggesting a correlation between toxin production and virulence of a pathogen 

(Scheffer and Livingston, 1984). Surico et al. (1981) inoculated sour orange 

seedlings with 22 isolates of Phoma [Deuterophoma] tracheiphila and measured 

the percentage of infected plants during 20-208 days. The isolates were divided 

into 3 classes according to pathogenicity. In assays on sour orange leaves a 

correlation was noted between phytotoxicity of culture filtrates of 1 2  selected 

isolates and toxin productionj in vitro.

Manka et al. (1985) reported that of the 37 isolates tested (20 Fusarium 

culmorum, 4 Fusarium graminearum [Cibberella zeae], 3 Fusarium avenaceum, 

4 Fusarium solani and 6  Fusarium equiseti), most Fusarium culmorum  and C. 

zeae isolates were strongly pathogenic and produced considerable quantities of 

trichothecenes of the B group (deoxynivalenol and 3-acetyl-deoxynivalenol)|/n 

vitro usually together w ith zearalenone. Triticale seedlings were more susceptible 

to Fusarium isolates from triticale than were wheat seedlings. Fusarium 

avenaceum, Fusarium solani and Fusarium equiseti were weakly or 

non-pathogenic and did not produce these mycotoxins suggesting that the toxins 

were virulence or pathogenicity factors.
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Table 6

Statistical analysis of virulence and toxin production by ten isolates of 

Ascochyta rahiei

Regression analysis - Linear model: Y = a + bX

Dependent variable:ENG. SOL, Independent variablelENG.LII

Standard T Prob.
Parameter Estimate error value level

Intercept -1.2893 0.415149 -3.10574 0.01454

Slope 5.72867E-4 9.36289E-5 6.11849 0.00028

Analysis of variance

Source Sum of 
squares D f Mean square F-ratio

Prob.
level

Model 5.240423 1 5.240428 37.43590 0.00028

Error 1.1198723 8 0.1399840

Total
(Corr.) 6.3603004 9

Correlation coefficient = 0.907705 

Standard error of estimate = 0.374144 

R - squared = 82.29 percent
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Kurppa (1985) observed that Bipolaris sorokiniana (Cochliobolus sativus) 

caused foot and root rot in all cultivars studied, but significant differences were 

observed in cultivar susceptibility and pathogenicity of isolates. Toxic metabolites 

produced by the fungus induced visible foot and root rot symptoms in all cultivars 

tested and caused leaf lesions in some. Variability in toxin production among 

isolates and in cultivar reaction to toxins was demonstrated. He found cultivars 

most susceptible to soil-borne infection were also the most affected by the toxins.

De Labrouhe (1986) studied toxins produced by Rosellinia necatrix. In 

apple, a correlation was found between susceptibility to the fungus and sensitivity 

to the toxins, and also between the virulence of different isolates and their ability 

to produce toxins in vitro.

Lamari and Bernier (1989) working with Pyrenophora tritic i- repentis found 

that the fungus differentially induced combinations of tan necrosis and extensive 

chlorosis in individual susceptible wheat cultivars. Segregation of F2 populations 

from 4 different crosses between cultivars resistant and susceptible to tan necrosis 

indicated that susceptibility to the fungus and sensitivity to the toxin were 

controlled by the same dominant gene. Toxin production by the pathogen was 

associated with the ability of individual isolates to induce tan necrosis (nec + ) in 

necrosis-expressing cultivars. Isolates that induced extensive chlorosis but not 

necrosis (nec-chl-i-) did not produce the toxins in vitro. They concluded that 

toxin(s) of P. tritici-repentis is cultivar-specific, involved in the induction of 

necrosis in the host, and appears to be a pathogenicity factor.

Koch et al. (1989) observed differences between aggressive (A) and non 

aggressive (NA) single spore lines of Leptosphaeria maculans in cultural 

characteristics and phytotoxin production. In liquid culture, NA strains produced 

a yellow-brown pigment whereas the culture filtrates of A strains remained 

unpigmented. The culture filtrates of A strains contained phytotoxic compounds 

which were identified as sirodesmins. These compounds were absent from 

culture filtrates of NA strains. The very close correlation between aggressiveness 

and phytotoxin production suggested the involvement of the phytotoxins in 

disease development.
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De March et al. (1986) investigated the relationship between virulence of 

Leptosphaeria maculans isolates and culture filtrate phytotoxicity on Brassica 

napus. The virulence of eight isolates of L. maculans was assessed on cotyledons 

and leaves of 10-d-old seedlings and isolates were placed in 3 groups, highly 

virulent, weakly virulent and avirulent. Production of toxic fungal metabolites in 

different liquid media by a weakly virulent and a highly virulent isolate was 

assessed on cotyledons and germinating seeds. Phytotoxic activity of filtrates was 

similar for the various culture media but differed significantly for 2 isolates. A 

relationship between isolate virulence and culture filtrate phytotoxicity on 

cotyledons was established.

Many authors believe that resistance to a fungus is based on tolerance of 

its toxin (Scheffer and Livingston, 1984; Graniti et a/., 1989; Buiatti and Ingram,

1991) and that the fungal genes controlling toxin production are also responsible 

for the development of the disease. In this study chickpea cultivar resistance 

seems to be related to its ability to tolerate to the solanapyrones. Moreover the 

high correlation between virulence of isolates and the ability to produce the 

soianapyrone toxins suggests they may be virulence factors.

230



CHAPTER 7

DNA FINGERPRINTING OF ISOLATES OF ASCOCHYTA RABIEI

7.1 INTRODUCTION

The results obtained in chapter 6  suggest that the ability of Ascochyta 

rabiei isolates to infect the host and the production of solanapyrones by the 

isolates, is closely linked. In this chapter experiments are described in which 

attempts were made to obtain polymorphic DNA products w ith the aim of relating 

any polymorphisms found to virulence and soianapyrone production.

Two methods were available, restriction fragment length

polymorphisms (RFLP) and randomly amplified polymorphic DNA (RAPD).

RFLP analysis uses restriction endonuclease enzymes (purified mainly from 

bacteria) to digest genomic DNA. The enzymes recognise specific nucleotide 

sequences and cut the DNA at those sites. Fragments generated from this 

procedure are first electrophoresed and then probed w ith radioactive probes. 

Probes hybridise w ith fragments possessing complementary nucleotide sequences 

and show up as bands on the photographic film  when this is exposed to the 

electropherogram (Southern blot analysis).

Analysis of A. rabiei DNA using RFLP techniques has been performed by 

Weising et a i (1990). They digested DNA from six isolates w ith EcoRI, Hinfl, 

M boll and Taq\ and probed them w ith radioactive (GATA)4 , (GTG)^, (CA)g and 

(TCO 5 . High levels of polymorphism were found which discriminated between 

the isolates and supported their classification of isolates according to how 

aggressive they were, weakly pathogenic isolates showing similar fingerprint 

patterns to each other and virulent isolates showing different patterns that were 

also similar to each other.

RAPD analysis is similar to RFLP analysis in that genetic maps are 

produced from fragments of DNA. However, instead of enzymic digestion of the 

genomic DNA, fragments are generated by amplification of DNA sequences. The 

polymerase chain reaction (PGR) process is used and arbitrary primers combined 

w ith  fungal DNA to yield fragments. Primers are designed to anneal to
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complementary nucleotide sequences on the template DNA such that DNA 

synthesis initiated at each primer results in the replication of the region of 

template between the primers.

Three main steps occur during the process (Fig. 7.1). Firstly, the template 

DNA is denatured or separated into two complementary strands usually at a 

temperature of 94°C or higher. Secondly the hybridising temperature (in the 

range of 25°C to 78°C) is held for a specific time, to allow the primers to 

hybridize to their complementary sequences on the template DNA. Thirdly the 

reaction is heated to the optimum temperature (about 72°C) for the heat stable 

polymerase enzyme (usually isolated from either Thermus aquaticus or Thermus 

flavus) to synthesize DNA. This whole procedure is repeated for a set number 

of times (cycles).

In the first cycle each template strand gives rise to a newly synthesized 

complement and the number of copies of the target region is doubled. In each 

subsequent cycle there is a theoretical doubling of the target region DNA 

concentration and if the reaction were 100% efficient, 20 cycles of PCR would 

produce 10^-fold amplification of the target DNA.
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5' I I I I I I I I I I I I I I I I I I I Unamplified
1 1 1 1 1 1 1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 5  ̂ DNA

5'- 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1

1 1 1-J 1 1 1 1 1  I I 1 I I 1 I 1 I I 5/

STEP 1
Denatured
DNA

5'- 1 1 I 1 1 1 1 1 I I I 1 1 1 1 r

I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1—1-5'

STEP 2 
Primer 
annealing

STEP 3 
Primer 
extension

STEP 1
Denatured
DNA

Repeated cycles 1 through to 3 amplifies DNA fragment.

Eig. 7.1 Three main steps occur in the Polymerase Chain Reaction 

(PCR) process. Eirst, denaturing of the unamplified DNA 

(usually at 94°C + ). Second, annealing or hybridizing of the 

primers to the single stranded DNA (usually between 30"C 

and 70°C) and finally primer extension to produce the DNA 

fragment (usually at 72°C). The cycle is repeated up to 30 

times.
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The resulting mixture of fragments can be run on an agarose gel and 

after staining w ith ethidium bromide, viewed. This process is much simpler 

and safer to use than RFLP analysis and results can be obtained quickly.

This chapter investigates the possibility of developing protocols for the 

application of PCR-RARD technology to the differentiation of isolates of A. 

rabiei using single arbitrary primers, 1 0  nucleotides in length.

7.2 MATERIALS AND METHODS

All equipment and solutions were sterilized w ith either ethanol or steam 

(121°C, for 30 minutes). Gloves washed in ethanol were worn at all times. 

Washing in ethanol regularly, ensured that the gloves were sterile and free from 

any contaminants and enzymes e.g. endonucleases.

7.2.1 Culture and harvesting of fungal isolates

Chickpea seed extract liquid medium (30ml) was inoculated w ith  a 

spore suspension (2 0 0 /yl, concentration at 1 x 1 0  ̂ spores/ml) of the various 

isolates and the cultures were grown at 20°C in the dark.

After seven days the mycelium was harvested by pouring off as much 

of the liquid medium as possible and, if necessary, drying the mycelium in 

between two sterile filter papers (Whatman no.1). The semi dried mass was 

transferred to a beaker which was sealed with Nescofilm (Nippon Shoji Kaisha 

Ltd., Japan) and frozen either by immersing in liquid nitrogen or by placing in 

a -70°C freezer.

When completely frozen, the Nescofilm was punctured and the 

container placed w ith in  a freeze drier manifold (Birchover Instruments Ltd., 

Freeze Dryer 7.5). The mycelium was left to freeze dry for 24 - 48 hours.

A pestle and mortar was cleaned with a 50% Decon wash, distilled 

water (seven times), chromic acid solution, double distilled water (seven times) 

and ethanol. They were placed in a freezer at -70°C to cool overnight.

The freeze dried mycelium and the cold pestle and mortar were placed 

in a polystyrene box filled w ith liquid nitrogen. The mycelium was ground 

thoroughly, then transferred w ith a sterile spatula into a sterile Eppendorf tube
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(up to 50mg) or into universal bottles w ith chloroform resistant screw caps (up

to 1 g).

7.2.2 DNA extraction 1

The method is based on the technique developed by Raeder and Broda

(1985).

7.2.2.1 Solutions for DNA preparation

Extraction buffer:- 200mM Tris HCI pH 8.5, 250mM NaCI 

25mM EDTA, 0.5% SDS.

Phenol:- BDH Analar, molten at 45°C equilibrated with 1

volume of extraction buffer and stored under buffer 

at -20"C.

RNAse:- Sigma RNAse A no. 4875, 70 Kunitz Units/mg, 20mg/ml in 

lOmM Tris MCI pH7.5, 15mM NaCI, boiled for 10 

minutes and stored at -20°C.

7.2.2.2 Isolation of DNA

Freeze dried ground mycelium in an Eppendorf tube (50mg) was 

suspended in 500//1 of extraction buffer and vortexed. To this was added 

350//I of phenol and the mixture was vortexed until homogenous after which 

150//I of chloroform was added. The suspension was vortexed for one minute 

and centrifuged for one hour in an Eppendorf centrifuge (13000g) at 4°C.

The upper aqueous phase was immediately taken off and transferred to 

an Eppendorf tube containing 25//I RNAse A solution and incubated for ten 

minutes at 37°C.

Chloroform (875//I) was added and the solution centrifuged (13000g) for 

ten minutes. An Eppendorf containing 250//I of isopropanol was prepared and 

the upper phase of the centrifuged mixture was transferred (using a yellow  tip 

w ith the lower 3mm cut off) and mixed gently.
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DNA was allowed to settle (centrifuging at 13000g for ten seconds 

assisted this process). As much liquid as possible was taken off w ith a pipette 

and the DNA was rinsed w ith 70% ethanol and dried under vacuum. DNA 

was resuspended in 100/yl of a lOmM Tris HCI, 0.1 mM EDTA buffer solution. 

Storage of the DNA samples was at -20°C.

7.2.3 DNA extraction 2

The technique was developed by Gurr and McPherson (1992).

7.2.3.1 Solutions for DNA preparation

Extraction buffer:- 0.5M sucrose, 25mM Tris-HCI pH 7.5,

20mM Na2 EDTA.

Lysis buffer:- 4% Sarkosyl, 0.5 v/v SDS.

Precipitation buffer:- 30% polyetheylene glycol (PEG) 8000,

1.5mM NaCI.

Resuspension buffer:- 50mM Tris-HCI pH 8.0,

lOmM Na2 EDTA.

SSPhenol:- BDH Analar, Molten at 45°C equilibrated with 1

volume of extraction buffer and stored under buffer 

at -2 0 X .

RNAse:- Sigma RNAse A no. 4875, 70 Kunitz Units/mg, 20mg/ml in 

lOmM Tris-HCI pH7.5, 15mM NaCI, boiled for 10 

minutes and stored at -20°C.

Sodium acetate:- 3M pH 6.5.

TE buffer:- 10 mM Tris-HCI pH 7.5, 0.1 mM Na2 EDTA.

7.2.3.2 isolation of DNA

Freeze dried ground mycelium (1g) was mixed w ith 2 - 3ml of ice cold 

extraction buffer in a chloroform resistant container. Lysis buffer (2ml) was 

added and the mixture was gently inverted to form a more homogeneous 

solution. This was incubated at 60°C for 60 - 90 minutes.
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Debris was pelleted by centrifuging at 13000g for 10 minutes at room 

temperature. The supernatant was transferred to a sterile Universal bottle 

containing Proteinase K (200/yg/ml) and incubated at 35°C overnight.

An equal volume of precipitation buffer was added, mixed well and left 

on ice for 60 minutes. The mixture was centrifuged at 13000g for 20 minutes 

at room temperature, the supernatant discarded and the pellet was resuspended 

in 1ml of resuspension buffer. An equal volume of ssphenol was added and 

mixed gently.

Centrifuging for 10 minutes at lOOOg separated the phases. The 

aqueous phase was transferred to a container w ith RNAse A solution (final 

concentration of 50//g/ml) and incubated for 1 hour at 37°C.

One volume of ssphenol was added, gently inverted and centrifuged at 

10OOg for 10 minutes at room temperature. The aqueous phase was transferred 

to another container and the ssphenol extractions were repeated until the 

interface between the aqueous phase and the phenol phase was clear.

After the final extraction the aqueous phase was mixed w ith an equal 

volume of chloroform and centrifuged for 10 minutes at lOOOg at room 

temperature. The top phase was taken off using a yellow  tip which had the 

lower 3mm cut off the tip and placed in a container w ith both sodium acetate 

(final concentration 0.3M) and two volumes of cold ethanol. Gentle inversion 

of the mixture precipitated the DNA which was pelleted at 13000g for 10 

minutes at 4°C and washed in 70% cold ethanol twice.

The pellet was dried under vacuum and resuspended in TE buffer 

solution. Storage of the DNA samples was at -20°C.

7.2.4 Preparation of gels

DNA samples from both extraction methods were run on agarose gels 

to check for purity. Agarose (Type A9539) was mixed w ith sterilized TBE 

buffer (90mM Tris base, 90mM Boric acid and 2mM Na-EDTA, dissolved in 

double distilled water) to make up a 0.8% gel. The solution was either heated 

gently whilst m ixing (preventing any bubbles forming) or microwaved until the 

solution became translucent and all the agarose granules were dissolved.
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For large gels a glass plate (200mm x 150mm x 3mm dimensions) 

cleaned in chromic acid and washed 7 times in double distilled water, was 

taped round the sides with autoclave tape forming a shallow container (Fig. 

7.2). The tape was sealed well against the glass and the whole container 

w iped in ethanol.

A perspex comb ( 1 0 - 1 5  well forming teeth) was cleaned w ith ethanol 

and positioned 15mm from one side of the plate and 2 mm above the plate.

Once the agarose was cool, it was poured gently into the gel setting 

container. Any air bubbles present were removed by bursting w ith a red hot 

needle. The gel was allowed to set, turning opaque when solid.

When set the autoclave tape and comb were removed carefully and the 

glass plate w ith the gel on, placed in the centre of a developing tank (Fig. 7.3). 

Sterilized TBE buffer was poured into the tank until at least 3mm of buffer 

covered the gel.

For mini gels, the agarose was prepared as before. The mini gel 

apparatus (Fig. 7.4) and comb were cleaned w ith ethanol. Liquid agarose was 

poured carefully and the comb placed in position. A ir bubbles were removed 

and the gel allowed to set. The comb was removed and sterilized TBE buffer 

was poured into the tank until at least 3mm of buffer covered the gel.

DNA samples were prepared by mixing w ith sterile stop mix solution, 

100:1 (containing 0.25% bromophenol blue and 60% high grade sucrose, both 

dissolved in TE buffer). This was carefully loaded using sterile tips into the 

wells. For both large and mini gels, a lid was placed over the developing tanks 

and the two electrodes connected to a power pak (model 440H, Gibco, 

Scotland).

Voltage and current were set to the appropriate values and the gel 

allowed to develop until the stop mix marker had migrated to w ith in 30mm 

and 15mm of the end of large gels and mini gels, respectively.

Using fresh gloves, the gel was removed from the container and rinsed 

w ith distilled water before staining for 15 minutes in an ethidium bromide 

solution (0.5mg/ml). After rinsing twice w ith distilled water, the gel was 

viewed on a ultra violet transilluminator (T = 260nm).
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Fig. 7.2 Container for large gels. The glass plate is cleaned 

thoroughly and the sides sealed with autoclave tape.
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Fig. 7.3 Developing tank for large gels
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Fig. 7.4 'M ini-gel' kit for small gels
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7.2.5 Recovery of DNA from agarose gels

This method is based on a technical tip published in Trends in Genetics 

(Heery et a/., 1990), where the DNA was further purified by running samples 

through an agarose gel and recovering the DNA by centrifugation.

A small Eppendorf (0.9 ml) was prepared by removing the lid and 

puncturing a hole in the bottom with a hot syringe needle (size 25G). The 

hole was plugged with about 2 mm of siliconised glass wool and the small 

Eppendorf was placed inside a large Eppendorf (1.5 ml) which had its lid 

removed. Both were autoclaved for 30 minutes at 121°C. A 2% agarose gel 

was set up and a concentrated sample of the DNA loaded. A current of 50mA 

was passed through the gel for 7 hours.

Gels were stained w ith ethidium bromide for 20 minutes and viewed 

under a transilluminator. The band with the highest molecular weight was 

identified and excised w ith a flamed scalpel (to ensure freedom from 

nucleases). The agarose section was placed in the Eppendorf apparatus and the 

whole assembly centrifuged at 6000rpm in a microfuge at 4°C for 5 minutes 

to extract the liquid containing the DNA.

DNA was extracted from the liquid by adding 350/yl of phenol and 

vortexing until homogenous, after which 150//I of chloroform was added. The 

suspension was vortexed for one minute and centrifuged for one hour in an 

Eppendorf centrifuge (13000g) at 4°C.

The upper aqueous phase was immediately taken off and transferred to 

an Eppendorf tube containing 25//I RNAse A solution and incubated for ten 

minutes at 37°C. One volume of chloroform was added and the solution 

centrifuged (13000g) for ten minutes.

An Eppendorf containing 250/yl of isopropanol was prepared and the 

upper phase of the centrifuged mixture was transferred (using a yellow  tip  w ith 

the lower 3mm cut off) and mixed gently.

DNA was allowed to settle and as much liquid as possible was taken 

off w ith a pipette. The pellet was rinsed w ith 70% ethanol, dried under 

vacuum and resuspended in 100//I of a lOmM Tris HCI, 0.1 mM EDTA buffer 

solution. Storage of the DNA samples was at -20°C.

242



7.2.6 The polymerase chain reaction (PCR)

7.2.6.1 Thermostable DNA polymerase

Thermus aquaticus DNA polymerase Amplitaq® (5 units///!) stored in 

buffer (lOOmM KCI, 20mM Tris - HCI pH 8.0, 0.1 mM EDTA, 1 mM DTT, 0.5% 

Tween®20, 0.5% Nonidet®P40, 50% v/v glycerol), (part number N801 - 0060) 

was purchased from Perkin Elmer Cetus (ILS Ltd., London) and Promega Taq 

(5 units///!) stored in buffer (50mM Tris - HCI pH 8.0, lOOmM NaCI, 0.1 mM 

EDTA, 5mM DTT, 50% glycerol and 1.0% Triton X - 100) was purchased from 

Promega (Promega, London).

7.2.6.2 Isolation of DNA from A. rabiei

DNA was extracted from A. rabiei as described in section 7.2.2.

7.2.6.3 Oligonucleotide primers

Oligonucleotide primers were purchased from the Medical Molecular 

Biology Division of Molecular Pathology, Windeyer building, U.C.H., London 

and Operon Technology, Alameda, USA (Kit P and Kit X). The samples were 

dried under vacuum and dissolved in 1 0 0 //I of sterilised double distilled water.

7.2.6.4 'PHAST' gel analysis of primers

The Phast gel system developed by Pharmacia Biotechnology, Sweden 

(Phast gel ILL) was a sensitive silver staining technique used to determine the 

purity of the oligonucleotide decamers. A gradient 8 % - 25% native PAGE 

(polyacrylamide gel electrophoresis) gel was used in the analysis.

The fo llow ing developing solutions were prepared in advance using 

double distilled water and stored in reservoir jars:- 

Fix - 20% trichloroacetic acid in water 

Wash 1 - 50% ethanol and 10% acetic acid in water 

Wash 2 - 10% ethanol and 5% acetic acid in water 

Sensitizer - 8.3% glutaraldehyde in water 

Wash 3 - double distilled water 

Silver nitrate at 0.5% (w/v)
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Stop bath - 5% acetic acid in water

Preservation solution - 10% acetic acid and 10% glycerol in

water

Developer - 0.015% formaldehyde and 2.5% sodium carbonate 

solution (made up fresh on the day).

Background reducer - Sodium thiosulphate (0.25g/l), Tris-HCI

(0.37g/l)

The solutions were used only once and handling of the solutions, buffer strips 

(consisting of buffer incorporated in a gel matrix) and the gel was performed 

w ith  gloves. Reservoir jars were connected to the appropriate inlet ports on 

the machine.

Samples were spotted onto the gel using a fine perspex comb (5 well, 

2mm) and allowed to dry. The gel was placed in the available holders in the 

flooding chamber on the machine and run at 20mA for four hours.

After completion of the run the gel was developed according to 

programme specifications (Appendix 6 ). The gel was removed, air dried and 

viewed.

7.2.6.5 Standard amplification conditions

The procedure is based on the method developed by W illiams et a/.

(1990).

Amplification reactions were performed in 50//I volumes containing 

lOmM Tris - HCI pH 8.3, 50mM KCI, 3mM MgClj, 0.001 % gelatin, 100//M 

each of dATP, dCTP, dCTP and dTTP (Pharmacia), 0.2)L/M of primer, 20ng of 

genomic DNA and 1 unit of Taq polymerase. A negative control containing 

everything but DNA was always run w ith the samples. The solution was 

overlaid w ith  50jj\ of mineral oil to prevent evaporation when heated to high 

temperatures.

Amplifications were performed in a Hybaid Thermal Reactor (HBTR1, 

Hybaid, England) programmed for 35 cycles of 1 minute at 94°C, 1 minute at 

36°C, 2 minutes at 72°C and finally for 1 cycle of 10 minutes at 72°C using the
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fastest available transitions between each temperature. A ll experiments were 

carried out in triplicate.

The samples were allowed to cool to ambient temperature after 

completion of the cycles and stored at -20°C until analyzed by agarose gel (2%) 

electrophoresis (section 10.1.4.).

7.2.6.6 The effect of varying PCR conditions on the

amplification process

I) Standard amplification conditions were used in all the experiments 

except for the single constituent being altered.

i) Concentration of DNA (Table 7)

ii) Magnesium concentration (Table 8 )

iii) Primer concentration (Table 9)

iv) dNTP concentration (Table 10)

v) Taq enzyme concentration (Table 11)

II) A hot start (5 min. at 95°C before the addition of Taq enzyme) was 

introduced into the temperature regime at the beginning of the cycles.

III) Variation in the annealing temperature (Table 12) and ramping 

(increasing or decreasing the temperature at a set rate in °C/s), were 

carried out.

IV) Variations in the primer sequence and the nucleotide composition 

were tried (Table 13).

V) Two Taq enzymes produced by different companies were tried in the 

reactions.

VI) Changing the pH of the reaction (Table 14).
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Table 7

DNA concentration variations used in the PCR reaction

Experiment DNA concentration

1 0.1 pg
2 1.0 pg
3 1.0 ng
4 10.0 ng
5 20.0 ng
6 30.0 ng
7 50.0 ng
8 80.0 ng
9 100.0 ng

10 200.0 ng
11 300.0 ng
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Table 8

Magnesium ion concentration variations used in the PCR reaction

Experiment Magnesium ion concentration (mM)

1 1.0
2 2.0
3 2.5
4 3.0
5 3.5
6 4.0
7 4.5
8 5.0
9 5.5

10 6.0
11 6.5
12 7.0
13 7.5
14 8.0
15 8.5
16 9.0
17 9.5
18 10.0
19 15.0
20 25.0
21 40.0
22 60.0
23 100.0
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Table 9

Primer concentration variations used in the PCR reaction. The primer initially 

used had a nucleotide sequence of:- 

5’-ACTGTAGAGC-3’

Experiment Primer concentration (juM)

1 0.25
2 0.30
3 0.35
4 0.40
5 0.45
6 0.50
7 1.00
8 5.00
9 10.00
10 20.00
11 30.00
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Table 10

Deoxynucleotide concentration variations used in the PCR reaction

Experiment dNTP concentration (jaM)

1 100
2 110
3 130
4 150
5 170
6 200
7 250
8 300
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Table 11

Taq polymerase concentration variations used in the PCR reaction

Experiment Enzyme concentration (Units/ml)

1 5
2 10
3 15
4 20
5 25
6 30
7 40
8 50
9 100
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Table 12

Annealing temperature (°C) variations used in the PCR reaction

Experiment Annealing temperature

1 15
2 20
3 25
4 30
5 35
6 40
7 45
8 50
9 55
10 60
11 65
12 70

Ramping of annealing temperatures (°C) used in the PCR reaction

Experiment
Starting

temperature
End

temperature
Time 

taken (min)

1 37 72 1
2 37 72 2
3 37 72 3
4 37 72 6
5 37 72 10
6 25 72 2
7 25 72 7
8 25 72 10
9 25 72 15
10 15 72 1
11 15 72 2
12 15 72 3
13 15 72 5
14 15 72 8
15 15 72 10
16 15 72 15
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Table 13

Primer sequence changes

Experiment Primer sequence Percentage G-C

1 5’-TCACGATGCA-3’ 50
2 5’-CCGCCCCTGT-3’ 80
3 5’-CGGCCCCTGT-3’ 80
4 5’-CGGCCCCGGT-3’ 90
5 5’-CGGCCCCGGC-3’ 100
6 5’-GATCCAGCTG-3’ 50
7 5’-GGGAGCTCCC-3’ 80
9 5’-CTCTGCCTCA-3’ 60
10 5’-TCTCACGAGT-3’ 50
11 5’-AGCGTTTGGT-3’ 50
12 5’-TCCGTTATCT-3’ 40
13 5’-CTGGGCACGA-3’ 70
14 5’-TTCCGCCACC-3’ 70
15 5’-TGGCGCAGTG-3’ 70
16 5’-CCGCTACCGA-3’ 70
17 5’-CCTTTCCCTC-3’ 60
18 5’-ACGCCAGAGG-3’ 60
19 5’-GAGCGAGGCT-3’ 70
20 5’-CAGGGGTGGA-3’ 70
21 5’-GGTCTGGTTG-3’ 60
22 5’-CCCTAGACTG-3’ 60
23 5’-GGAGCCTCAG-3’ 70
24 5’-TCGCCAGCCA-3’ 70
25 5’-ACGGGAGCAA-3’ 60
26 5’-ACAGGTGCTG-3’ 60
27 5’-CAGACAAGCC-3’ 60
28 5’-CTCTGTTCGG-3’ 60
29 5’-GACACGGACC-3’ 70
30 5’-GACTAGGTGG-3’ 60
31 5’-TGGCAAGGCA-3’ 60
32 5’-CCCAGCTAGA-3’ 60
33 5’-GTAGCACTCC-3’ 60
34 5’-TCGGCACGCA-3’ 70
35 5’-CTGATACGCC-3’ 60
36 5’-GTGTCTCAGG-3’ 60
37 5’-CCCCGGTAAC-3’ 70
38 5’-GTGGGCTGAC-3’ 70
39 5’-GTCCATGCCA-3’ 70
40 5’-ACATCGCCCA-3’ 70
41 5’-GTGGTCCGCA-3’ 70
42 5’-TCCCGCCTAC-3’ 70
43 5’-AACGCGTCGG-3’ 70
44 5’-AAGGGCGAGT-3’ 60
45 5’-GGAGTGCCTC-3’ 70
46 5’-CCAGCCGAAC-3’ 70
47 5’-GGAAGCCAAC-3’ 60
48 5’-TGACCCGCCT-3’ 70
49 5’-GGCTTGGCCT-3’ 70
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Table 14

Distilled water pH variations

Experiment pH

1 7.0
2 7.5
3 8.0
4 8.5
5 9.0
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VII) The two buffers supplied by ILS (lOmM Tris-HCI and 50mM KCI at pH 

8.3), Pro mega (lOmM Tris - MCI, 50mM KCI an 1.0% Triton X - 100 at 

pH 8 .8 ) and a recipe used by McPherson et a/. (1991) (lOmM Tris-HCI, 

50mM KCI, 1  mg/ml gelatin, 0.1% Tween-20, 0.1 % NP-40 at pH 8.3), 

were used in the reactions at varying Mg^"^ concentrations. (Table 8 ).

VIII) A mixture of decamer primers was used w ith the standard constituents 

(Table 15).

IX) Combinations of the constituents, cycle temperature and times were 

tried (Appendix 7).

X) A Techne PCR machine (Techne, Cambridge, U.K.) was used to 

compare the effect of using different machines. Samples were run 

simultaneously on the two machines (Appendix 7).
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Table 15

Combinations of primers used in the PCR reactions

Experiment Primer sequence

1 5’-TCACGATGCA-3’ 5’-CCGCCCCTGT-3’
2 5’-TCACGATGCA-3’ 5’-CGGCCCCGGC-3’
3 5’-TCACGATGCA-3’ 5’-CGGCCCCGGT-3’
4 5’-TCACGATGCA-3’ 5’-CGGCCCCTGT-3’
5 5’-TCACGATGCA-3’ 5’-ACTGTAGAGC-3’
6 5’-TCACGATGCA-3’ 5’-GATCCAGCTG-3’
7 5’-TCACGATGCA-3’ 5’-GGGAGCTCCC-3’
8 5’-TCACGATGCA-3’ 5’-CTCTGCCTCA-3’
9 5’-TCACGATGCA-3’ 5’-TCTCACGAGT-3’
10 5’-TCACGATGCA-3’ 5’-AGCGTTTGGT-3’
11 5’-CGGCCCCGGC-3’ 5’-CGGCCCCGGT-3’
12 5’-CGGCCCCGGC-3’ 5’-CGGCCCCTGT-3’
13 5’-CGGCCCCGGC-3’ 5’-ACTGTAGAGC-3’
14 5’-CGGCCCCGGC-3’ 5’-GATCCAGCTG-3’
15 5’-CGGCCCCGGC-3’ 5’-GGGAGCTCCC-3’
16 5’-CGGCCCCGGC-3’ 5’-CTCTGCCTCA-3’
17 5’-CGGCCCCGGC-3’ 5’-TCTCACGAGT-3’
18 5’-CGGCCCCGGC-3’ 5’-AGCGTTTGGT-3’
19 5’-CGGCCCCGGC-3’ 5’-TCCGTTATCT-3’
20 5’-CGGCCCCGGC-3’ 5’-ACGGGAGCAA-3’
21 5’-CGGCCCCGGT-3’ 5’-CGGCCCCTGT-3’
22 5’-CGGCCCCGGT-3’ 5’-ACTGTAGAGC-3’
23 5’-CGGCCCCGGT-3’ 5’-GATCCAGCTG-3’
24 5’-CGGCCCCGGT-3’ 5’-GGGAGCTCCC-3’
25 5’-CGGCCCCGGT-3’ 5’-CTCTGCCTCA-3’
26 5’-CGGCCCCGGT-3’ 5’-TCTCACGAGT-3’
27 5’-CGGCCCCGGT-3’ 5’-AGCGTTTGGT-3’
28 5’-CGGCCCCGGT-3’ 5’-TCCGTTATCT-3’
29 5’-CGGCCCCGGT-3’ 5’-ACGGGAGCAA-3’
30 5’-CGGCCCCGGT-3’ 5’-GTGGTCCGCA-3’
31 5’-CGGCCCCTGT-3’ 5’-ACTGTAGAGC-3’
32 5’-CGGCCCCTGT-3’ 5’-GATCCAGCTG-3’
33 5’-CGGCCCCTGT-3’ 5’-GGGAGCTCCC-3’
34 5’-CGGCCCCTGT-3’ 5’-CTCTGCCTCA-3’
35 5’-CGGCCCCTGT-3’ 5’-TCTCACGAGT-3’
36 5’-CGGCCCCTGT-3’ 5’-AGCGTTTGGT-3’
37 5’-CGGCCCCTGT-3’ 5’-TCCGTTATCT-3’
38 5’-CGGCCCCTGT-3’ 5’-ACGGGAGCAA-3’
39 5’-CGGCCCCTGT-3’ 5’-GTGGTCCGCA-3’
40 5’-CGGCCCCTGT-3’ 5’-AAGGGCGAGT-3’
41 5’-ACTGTAGAGC-3’ 5’-GATCCAGCTG-3’
42 5’-ACTGTAGAGC-3’ 5’-GGGAGCTCCC-3’
43 5’-ACTGTAGAGC-3’ 5’-CTCTGCCTCA-3’
44 5’-ACTGTAGAGC-3’ 5’-TCTCACGAGT-3’
45 5’-ACTGTAGAGC-3’ 5’-AGCGTTTGGT-3’
46 5’-ACTGTAGAGC-3’ 5’-TCCGTTATCT-3’
47 5’-ACTGTAGAGC-3’ 5’-ACGGGAGCAA-3’
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Table 15 (Cont.~) 

Combinations of primers used in the PCR reactions

Experiment Primer sequence

48 5’-ACTGTAGAGC-3’ 5’-GTGGTCCGCA-3’
49 5’-ACTGTAGAGC-3’ 5’-AAGGGCGAGT-3’
50 5’-ACTGTAGAGC-3’ 5’-CGGCCCCGGC-3’
51 5’-GATCCAGCTG-3’ 5’-GGGAGCTCCC-3’
52 5’-GATCCAGCTG-3’ 5’-CTCTGCCTCA-3’
53 5’-GATCCAGCTG-3’ 5’-TCTCACGAGT-3’
54 5’-GATCCAGCTG-3’ 5’-AGCGTTTGGT-3’
55 5’-GATCCAGCTG-3’ 5’-TCCGTTATCT-3’
56 5’-GATCCAGCTG-3’ 5’-ACGGGAGCAA-3’
57 5’-GATCCAGCTG-3’ 5’-GTGGTCCGCA-3’
58 5’-GATCCAGCTG-3’ 5’-AAGGGCGAGT-3’
59 5’-GATCCAGCTG-3’ 5’-CGGCCCCGGC-3’
60 5’-GATCCAGCTG-3’ 5’-CGGCCCCGGT-3’
61 5’-GGGAGCTCCC-3’ 5’-CTCTGCCTCA-3’
62 5’-GGGAGCTCCC-3’ 5’-TCTCACGAGT-3’
63 5’-GGGAGCTCCC-3’ 5’-AGCGTTTGGT-3’
64 5’-GGGAGCTCCC-3’ 5’-TCCGTTATCT-3’
65 5’-GGGAGCTCCC-3’ 5’-ACGGGAGCAA-3’
66 5’-CTCTGCCTCA-3’ 5’-TCTCACGAGT-3’
67 5’-CTCTGCCTCA-3’ 5’-AGCGTTTGGT-3’
68 5’-CTCTGCCTCA-3’ 5’-TCCGTTATCT-3’
69 5’-CTCTGCCTCA-3’ 5’-ACGGGAGCAA-3’
70 5’-CTCTGCCTCA-3’ 5’-GTGGTCCGCA-3’
71 5’-TCTCACGAGT-3’ 5’-AGCGTTTGGT-3’
72 5’-TCTCACGAGT-3’ 5’-TCCGTTATCT-3’
73 5’-TCTCACGAGT-3’ 5’-ACGGGAGCAA-3’
74 5’-TCTCACGAGT-3’ 5’-GTGGTCCGCA-3’
75 5’-AGCGTTTGGT-3’ 5’-TCCGTTATCT-3’
76 5’-AGCGTTTGGT-3’ 5’-ACGGGAGCAA-3’
77 5’-AGCGTTTGGT-3’ 5’-GTGGTCCGCA-3’
78 5’-AGCGTTTGGT-3’ 5’-AAGGGCGAGT-3’
79 5’-TCCGTTATCT-3’ 5’-ACGGGAGCAA-3’
80 5’-TCCGTTATCT-3’ 5’-GTGGTCCGCA-3’
81 5’-TCCGTTATCT-3’ 5’-AAGGGCGAGT-3’
82 5’-TCCGTTATCT-3’ 5’-CGGCCCCGGC-3’
83 5’-ACGGGAGCAA-3’ 5’-GTGGTCCGCA-3’
84 5’-ACGGGAGCAA-3’ 5’-AAGGGCGAGT-3’
85 5’-ACGGGAGCAA-3’ 5’-CGGCCCCGGC-3’
86 5’-ACGGGAGCAA-3’ 5’-CGGCCCCGGT-3’
87 5’-ACGGGAGCAA-3’ 5’-CGGCCCCTGT-3’
88 5’-GTGGTCCGCA-3’ 5’-AAGGGCGAGT-3’
89 5’-GTGGTCCGCA-3’ 5’-CGGCCCCGGC-3’
90 5’-GTGGTCCGCA-3’ 5’-CGGCCCCGGT-3’
100 5’-AAGGGCGAGT-3’ 5’-CGGCCCCGGC-3’
101 5’-AAGGGCGAGT-3’ 5’-CGGCCCCGGT-3’
102 5’-AAGGGCGAGT-3’ 5’-CGGCCCCTGT-3’
103 5’-CGGCCCCGGC-3’ 5’-CGGCAACGGT-3’
104 5’-CGGCCCCGGT-3’ 5’-CGGCAACGGT-3’
105 5’-CGGCCCCTGT-3’ 5’-CGGCAACGGT-3’
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7.3 Results

7.3.1 Isolation of DNA method 1 (M l) and method 2 (M2)

Ground mycelium was brown/black in colour. When mixed w ith  either 

extraction buffer or extraction buffer and lysis buffer, the solution turned a dirty 

brown colour.

In both methods, final precipitation of DNA resulted in an opaque pellet 

w ith  a concentration of about 400/yg/ml - 600/yg/ml as determined

spectrophotometrical ly.

7.3.2 Recovery of DNA from agarose

DNA from fungal isolates when run on 2% agarose gels, remained fairly 

close to the wells and could be separated from any contaminants.

7.3.3 Phast gel' analysis

Very small quantities of primer were needed using this system. Primers 

were found to be pure w ith no contamination.

7.3.4 PCR analysis

All experiments failed to amplify any of the fungal DNA.

7.4 DISCUSSION

7.4.1 Culturing of fungal isolates, harvesting and isolation of DNA

The two extraction methods tried both required that the fungal mycelium 

be frozen immediately before any treatments were carried out (Gurr and 

McPherson, 1992; Raeder and Broda, 1985). This procedure was essential in 

preventing the release and activation of enzymes that could digest the DNA 

(especially when the mycelium was being crushed).

Both methods required most of the procedures to be performed at cold 

temperatures (unless otherwise stated) to ensure that the minimum amount of 

DNA shearing (breakage) and endonuclease activity occurred. Sterile techniques 

especially washing the gloves frequently w ith ethanol (as false-negative results can
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occur (De-Lomas et al., 1991)), were essential owing to the high sensitivity of the 

PCR procedure (McPherson et a/., 1992; Saiki, 1989; Kwok, 1990).

The two methods were used to compare differences in the techniques and 

to asses the quality of DNA extracted. Both procedures produced good quality 

DNA as assessed by electrophoresis*

7.4.2 PCR-RAPD protocol development

Many experiments were performed in this investigation. However 

polymorphisms were not generated. As explained previously three steps occur 

during the PCR process, denaturing, hybridization and synthesis. W illiams et a/. 

(1990) and Welsh and McClelland (1990) first investigated the application of 

using PCR and single arbitrary primers. Welsh and McClelland (1990) used two 

primers Kpn-R and pBS chosen arbitrarily to produce molecular genetic maps 

(fingerprints) of complex genomes from Staphylococcus, Streptococcus pyogenes 

and Oryza sat/va. They found that strains could be distinguished by comparing 

polymorphisms in genomic fingerprints. Williams et al. (1990) constructed 

genetic maps in a variety of species using single primers (10 nucleotides) of 

arbitrary nucleotide sequence and found that the polymorphisms were inherited 

in a Mendelian fashion.

In this study, the methods used were based on the techniques of W illiams 

et al. (1990) where oligodeoxynucleotide 10-mer primers were synthesized and 

employed in the PCR reaction. In the standard reaction solutions (25jj\), 25ng of 

genomic DNA was mixed with 100/yM of each dNTP, 0.2/yM primer, 2mM 

MgCl2 , lOmM Tris-CI (pH 8.3), 50mM KCI and 0.5 unit of Taq DNA polymerase 

(Perkin Elmer Cetus). Amplification was performed in a Perkin Elmer Cetus DNA 

Thermal Cycler. A Hybaid thermal cycler replaced the Perkin Elmer Cetus DNA 

Thermal Cycler in the experiments carried out in this chapter. The programme 

was run at 45 cycles w ith each cycle consisting of 1 minute at 94°C, 1 minute at 

36°C and 2 minutes at 72°C, using the fastest available transitions between each 

temperature. The experiments were carried out seven times and no bands were 

seen on the gels.
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Many authors have commented on the ease of use of PCR technology but 

they have also mentioned that the process needs to be optimised for each 

particular organism. The reaction conditions and solutions although applicable 

to Glycine soja, Glycine max, Zea mays, Neurospora crassa, Escherichia coli. 

Listeria monocytogenes. Staphylococcus aureus. Salmonella tyhimurium  and 

human DNA might not be applicable to A. rabiei.

Attempts to optimize the reaction conditions were carried out. Initially, 

experiments were performed where only one of the constituents or reaction 

conditions was changed. Later combinations of reaction conditions and 

constituents were tried.

7.4.2.1 Concentration of DNA

Most authors agree that one of the most important variables in a reaction 

is the concentration of DNA (McPherson et al., 1992; Saiki, 1989; Innis and 

Gelfand, 1990; W illiams et a/., 1990). Williams et a/. (1990) found that different 

DNA extraction methods produce DNA of w idely different purity and it was 

necessary to optimize the amount of DNA used in the RAPD assay to achieve 

reproducible results and a strong signal. Too much genomic DNA usually 

resulted in smearing or faint bands in the gel, whilst not enough DNA gave 

irreproducible results. This was probably due to the unavailability of the DNA 

template caused by single strand breaks or not enough copies of an unstable 

portion of template being available.

Welsh and McClelland, (1990) experimented w ith 7.5ng - 0.12pg of DNA 

and observed that the banding patterns from the reactions were not only 

dependent on the concentration of the DNA but also on the other constituents in 

the reaction mixture. Large quantities of genomic DNA 70ng - lOOng were used 

by Chapco et al. (1992) when studying the population genetics and systematics 

of Melanoplus sanguinipes and Melanoplus femurrubrum  (grasshopper) and 

Chalmers et al. (1992) utilized 10Ong of Gliricidia sepium and Gliricidia maculata 

genomic DNA to detect genetic variation between and w ith in  populations of 

trees.
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To confirm that the fungal DNA was pure enough for amplification, two 

primers ITS1 (5'-TCCGTAGGTGAACCTGGGG-3') and ITS4 (5'- 

TCCTCCGCTTATTGATATGC-3') based on conserved nucleotide sequences 

from the 18S rRNA genes from Saccharomyces cerevisiae, Dictyostelium  

discoideum  and Stylonicha pustulata (White et al., 1990) were used in a 

control experiment. W hite et al. (1990) found that the primers amplified DNA 

from a w ide variety o f fungi, protists and red and green algae. If the extracted 

DNA was impure, amplification would not occur. Cycles (35) started at 94°C 

for 1 minute, followed by 65°C for 1 minute and finishing w ith 72°C for 2 

minutes using the fastest avaliable transitions between each temperature. After 

the 35th cycle the extension reaction was continued for a further 5 minutes at 

72°C. When the agrose gel was observed, a very strong band (data not shown) 

was seen in all the lanes containing A. rabiei DNA and the amplified product 

corresponded to the amplified rDNA region observed by W hite et al. (1988). 

This test proved that the extracted A. rabiei DNA was pure enough for the PCR 

process and that amplification could occur.



In this study, DNA from all the isolates collected and from the two 

extraction methods was used. The concentration of DNA was varied (Table 8) but 

w ith  no success. When an excess of template DNA was incorporated into the 

reaction mixture (so that detection by agarose gel was possible), amplification still 

did not occur.

7.4.2.2 Magnesium concentration

Magnesium ion concentration affects primer annealing, strand dissociation 

temperatures of both template and PCR product, product specificity, formation of 

primer-dimer artifacts (self hybridizing primers) and enzyme activity and fidelity 

(McPherson et a/., 1992; Saiki, 1989; Innis and Gelfand, 1990; W illiams et a/.,

1990). The concentration of magnesium itself is affected by the presence of 

EDTA or other chelators in the primer stocks or template DNA.

W illiams et al. (1990) used a concentration of 1.5mM magnesium ions in 

their initial experiments which gave good banding patterns w ith all species tested 

and Welsh and McClelland (1990) used 4mM in their experiments to enhance the 

stability of the primer/template interaction.

Klein-Lankhorst et a/. (1991), Waugh et a/. (1992), Dweikat et a/. (1993), 

He et a/. (1992), V ierling and Nguyen (1992), Demeke et a/. (1992) and Roy et 

a/. (1992) employed 1.5mM magnesium ions in the reaction mixtures and found 

that this concentration worked well in producing genomic maps.

Ballinger-Crabtree et a/. (1992) used 2mM magnesium ions and Eskew et 

al. (1993) 2.5mM in their reactions resulting in well defined banding patterns. 

Schafer and Wostemeyer (1992) and Menard et al. (1992) utilized a magnesium 

concentration of 3mM to obtain genomic maps.

Magnesium concentrations as high as 25mM were used by Kambhampati 

et al. (1992) and Brousseau et al. (1993) whilst W illiams et al. (1992) used a 

concentration of 15mM in their reaction mixtures.

From the many experiments performed by other workers it was observed 

that a w ide range of magnesium concentrations could be used. However, when 

a range of concentrations were tried (Table 9) amplification did not occur.
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7.4.2.3 Primer concentration and primer sequence variations

An adequate primer concentration in a reaction mixture should result in 

strong banding patterns (McPherson et a/., 1992; Saiki, 1989; Innis and Gelfand, 

1990; W illiam s et a/., 1990). Lowering the concentration reduces the number of 

primers available to make primer/template hybrids and initiate amplification. 

Increasing the concentration eventually saturates the reaction mixture, 

encouraging non-specific priming. The concentration of primers needed is 

dictated by the size of the organism's genome, w ith larger genomes needing more 

primer and vice versa. Concentrations between 0.1/yM and 10.0/yM  are generally 

optimal (McPherson et a/., 1992; Saiki, 1989; Innis and Gelfand, 1990).

Primer length is not as important as primer sequence. In this study primers 

10 nucleotides in length were employed to create genomic maps. However 

primers from 8 nucleotides upwards can be used. Welsh and McClelland (1990) 

used arbitrary primers 34 (Kpn-R) and 20 (pBS) nucleotides in length which 

resulted in good banding patterns and in 1991 used primers 18 nucleotides in 

length and upwards to map mice genomes. Williams et al. (1990) employed 

primers of 8 - 10 nucleotides in length and achieved well defined banding 

patterns and Eskew et al. (1993) used oligonucleotides of between 7 and 10 

nucleotides in length to fingerprint Azo//a-Anabaena symbiotic strains.

Chapco et al. (1992) chose twenty four 9-mers to amplify grasshopper 

genomes averaging about 8.1 bands per primer per individual and Menard et al. 

(1992) selected a 9-mer from a collection of primers to discriminate between 

Porphyromona (Bacteroides) gingivalis strains. Brousseau et al. (1993) used 3 out 

of 120 randomly sequenced 9-mers to identify and discriminate among Bacillus 

thuringiensis strains.

O ligonucleotide 10-mers (11) were utilized by Chalmers et al. (1992) to 

map C liric id ia  trees and they detected extensive genetic variability between 

species. W illiams et al. (1992) used 10-mers designed to hybridize w ith EcoRI 

and BamHI restriction endonuclease sites in order to reveal genetic variation in 

four aphid species. Schafer and Wostemeyer (1992) also employed 10-mer 

oligonucleotides to differentiate between aggressive and non-aggressive isolates 

of Phoma lingam (Leptosphaeria maculans) and Ballinger-Crabtree et al. (1992)
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and Kambhampati et al. (1992) both used 10-base oligomers to identify and 

differentiate between Aedes (mosquito) subspecies and populations. Baird et al. 

(1992) utilized 10-mers in characterising inter-and intra-specific somatic hybrids 

of potato and Waugh et al. (1992) used six 10-mer primers to detect gene 

introgression in Solanum tuberosum and Solanum phureja and found that potato 

dihaploids were aneusomatic (cells having varying numbers of chromosomes). 

Xu et al., (1993) utilized five 10-mer oligonucleotides to screen somatic hybrids 

between Solanum tuberosum and Solanum brevidens.

Honey bee {Apis mellifera L.) DNA samples were used w ith a 10-mer 

oligonucleotide by Hunt and Page (1992) to fo llow  the patterns of inheritance of 

RAPD markers in a haplodiploid insect and Klein-Lankhorst et al. (1991) sampled 

eleven 10-mers when isolating molecular markers for tomatoes {Lycopersicon). 

Hu and Quiros (1991) employed four 10-mers to identify broccoli and cauliflower 

cultivars and Demeke et al. (1992) ten 10-mers to investigate taxonomic 

differences between Brassica taxa. He et al. (1992) used twenty 10-mers to detect 

polymorphisms in wheat {Triticum) varieties.

Roy et al. (1992) utilized arbitrary designed 11-mer primers to characterise 

Betula alleghaniensis crosses.

The longer the primer the more specific it becomes since each nucleotide 

has to hybridize to its counterpart and therefore it is less likely there w ill be a 

complementary sequence on the genomic template.

W illiam s et al., (1990) observed the way in which individual nucleotides 

in the primer affected the specificity of the amplification reaction and observed 

that when they kept the G + C composition at 50%, single nucleotide changes in 

the 3'-end caused nearly complete changes in the banding pattern and similar 

changes in the 5 '-end had a smaller effect. Caetan-Anollés et al., (1992) also 

observed that single base changes especially at the 3'-terminus, significantly 

altered the spectrum of amplification products.

The large number of authors using the RAPD technique to analyze 

prokaryote and eukaryote organisms has provided a large choice of primers for 

RAPD analysis of A. rabiei DNA. However, many 10-mer oligonucleotide 

primers were tried ranging from 40% G-C to 100% G-C contents (Table 14) but
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when each primer was used in conjunction w ith the standard conditions no bands 

were observed on the gels.

Using paired primers it should be possible to obtain additional amplified 

bands as compared to single primers because of the extra initiation sites available. 

Theoretically four times as many bands would be expected from a single 

amplification reaction employing two primers, as compared to two separate 

reactions using each primer individually (Dear and Cook, 1989). Welsh and 

McClelland (1990) used three arbitrary oligonucleotides individually and in pairs 

to generate six different genomic fingerprints of the same mouse genomic DNA 

and found that fewer than half of the products in genomic fingerprints generated 

using the oligonucleotides in pairs were the same as those produced by using one 

of the three oligonucleotides alone. Thus, a few oligonucleotides could be used 

in a very large number of single and pairwise combinations, each producing a 

distinct fingerprint, in which at least half the data can be expected to be unique 

to each pair.

Primers supplied by Dr Gurr when used in a pairwise combination, did 

not produce banding patterns w ith A. rabiei DNA under standard conditions.

7A .2A  dNTP concentration

Deoxynucleotideconcentrations between 20//M and 200/vM each normally 

result in the optimal balance among yield, specificity and fidelity (McPherson et 

a/., 1992; Saiki, 1989; Innis and Gelfand, 1990).

W illiams et al. (1990) found that a concentration of 1 OO/yM for each of the 

bases was adequate for generating RAPD's and at lower concentrations the 

intensity of stained bands in the gel becomes progressively weaker whilst higher 

concentrations did little to affect the intensity of the bands as saturation of the 

reaction mixture had probably occurred. Varying the deoxynucleotide 

concentration did not produce amplified DNA.

7.4.2.5 Taq enzyme concentration

Normal Taq enzyme concentrations vary between 0.5 and 3.0 units per 

100//I reaction mixture when other parameters are optimal, although these may
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vary with respect to individual target templates or primers (one unit of enzyme 

is defined by Perkin Elmer Cetus, as the amount that w ill incorporate lOnmol of 

dNTPs into acid insoluble material per 30 minutes at 74°C under standard 

amplification conditions). High concentrations lead to nonspecific background 

products and low concentrations result in insufficient quantities of desired product 

(McPherson et a/., 1992; Saiki, 1989; Innis and Gelfand, 1990).

W illiams et a/., (1990) recommended using a concentration of 20units/ml 

from Ihermus aquaticus (Amplitaq) and they found that this worked well for most 

species. However they found that for some species higher or lower 

concentrations are needed and this also depends on which Taq enzyme is used 

i.e. enzyme extracted from Ihermus aquaticus (Amplitaq ) gave different banding 

patterns from enzyme extracted from Ihermus flavus. Fekete et a/., (1992) also 

found that polymerases from other sources gave different amplification products 

probably due to different sensitivities to mismatches between primer and template 

and to their proofreading capacity.

Two enzyme preparations from Perkin Elmer Cetus and Promega were 

used in the study but polymorphisms were not generated.

7.4.2.6 Annealing temperature

The temperature and length of time required for primer annealing depend 

upon the base composition, length and concentration of the amplification primers 

(McPherson et a/., 1992; Saiki, 1989; Innis and Gelfand, 1990). An applicable 

annealing temperature is quoted at 5°C below the true I ^  (melting point 

tempeature) of the amplification primers. Increasing the annealing temperature 

enhances discrimination against incorrectly annealed primers and reduces 

extension of incorrect nucleotides at the 3'-end of primers; therefore stringent 

annealing temperatures help to increase specificity. Low extension temperatures 

favour extension of misincoporated nucleotides.

W illiams et al. (1990) in itia lly found a temperature of 36°C was good for 

the annealing step and allowed adequate hybridization of primer to DNA 

template. They reported that increasing the temperature (increasing the energy 

in the reaction mixture) decreased the number of bands and this was due to the
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instability of the primer/template hybrid. Ballinger-Crabtree et al. (1992) also 

utilized this temperature to amplify mosquito DNA, Baird et al. (1992) to amplify 

hybrid potato DNA, He et al. (1992) wheat DNA and Dweikat et al. (1993) cereal 

crop species.

Welsh and McClelland (1990) used a combination of annealing 

temperatures at 40°C and 60°C to amplify genomic DNA. The first temperature 

allowed general low stringency annealing to occur at the beginning of the cycles 

and the second high stringency annealing was for the amplification of fragments 

already formed earlier.

Hu and Quiros (1991), Waugh et al. (1992), Chalmers et al. (1992), 

W illiams et al. (1992), Kambhampati et al. (1992), Xu et al. (1993), Hunt and 

Page (1992) and Klein-Lankhorst et al. (1991) ail used an annealing temperature 

of 35°C to obtain reproducible results and good banding patterns.

Menard et al. (1992) utilized an annealing temperature of 32°C to obtain 

reproducible genomic maps.

Vierling and Nguyen (1992), Demeke et al. (1992) and Roy et al. (1992) 

employed an annealing temperature of 37°C to acquire reproducible genomic 

maps.

The wide range of annealing temperatures used by other workers implied 

that the RAPD method could utilize a broad range of temperatures. Experiments 

were carried out in itia lly at 36°C according to the method by W illiams et al. 

(1990), then temperatures were calculated from theoretical models (Wetmur,

1991). Table 13, shows all the annealing temperatures tried w ith the standard 

conditions. None of these temperatures initiated amplification.

7.4.2.7 Alteration of reaction constituents and conditions

Initial experiments were performed in accordance w ith techniques used 

by Williams et al. (1990). However all the above mentioned authors agree that 

optimisation of the reaction constituents and conditions has to be carried out for 

each individual organism. The lack of results from RAPD reactions of A. rabiei 

DNA suggested that optimisation of the reaction constituents and conditions was 

needed. Appendix 7, presents a list of the changes to the reaction constituents
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and conditions. In this study the main factors that were likely to influence the 

RAPD reaction were focused on. These included combinations of DNA 

concentration, magnesium concentration, primer concentration and primer 

sequence, Taq enzyme concentration and annealing temperatures and annealing 

times. Various buffer constituents were changed and additives such as DMSO, 

formaldehyde and non-ionic detergents were employed. Experiments w ith the 

minimum quantity of constituents and the maximum quantity of constituents were 

used but w ith no success.

The result expected from all these experiments was the presence of bands 

on the gel. After this had occurred, further optim ization would have followed. 

This did not happen. There are many reasons why the procedure did not work. 

One of these could be due to the inappropriate concentrations used. This seems 

unlikely because of the w ide concentration limits w ith in which amplification 

works, such as the magnesium concentrations as mentioned before.

Annealing temperatures and times that were tried should have allowed 

primers to hybridize to the template DNA and form stable complexes, which 

could initiate amplification. At least one of the combinations should have 

produced a result. Primer sequence is thought to be important in the selection 

of the annealing temperature and times with single base substitutions sometimes 

causing dramatic changes in the spectrum of the amplified products (Caetano- 

Anollés et a/., 1992; Wetmur, 1991; W illiams et a/., 1990). Calculation of 

annealing temperatures can be carried out theoretically in relation to the G-C 

content of the primer (the or melting point temperature of the primer) and used 

w ith about ±2°C of flexib ility  (Wetmur, 1991; Rychlik et a/., 1990; McPherson 

et a/., 1992; Saiki, 1989; innis and Gelfand, 1990). The melting temperature of 

oligonucleotides, T^, describes the temperature at which 50% of the 

oligonucleotide duplex dissociates under particular concentrations of duplex and 

cation (Mg^"^). Ramping of the annealing temperatures (the gradual increase or 

decrease of the annealing temperature over a specified time) was tried as this 

allowed for a higher chance of non-specific prim ing to occur. However the 

experiments tried w ith ramping did not produce any RAPDs.
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Successful priming of an oligonucleotide on a DNA template is governed 

by two variables (Wu et al., 1991; Wetmur, 1991). The first is the rate of primer 

dissociation from the primer-template complex before initiating polymerization 

and the second is the rate at which the DNA polymerase extends the primer until 

a stable primer-template complex is formed. The longer the time given for this 

to happen the higher the chances of hybridization occurring. Annealing times 

were extended to encourage hybridization to occur although again bands were 

not observed on the gels.

High concentrations of free magnesium ions improve the stability of 

primer-template interactions (Williams et a/., 1990; Welsh and McClelland, 1990; 

Fekete et a/., 1992), even to the extent of stabilising very unstable primer/template 

complexes. Also an abundance of magnesium ions, negates the effect of chelators 

such as EDTA. Although high magnesium concentrations were tried in the 

majority of runs, amplification did not occur.

Specificity enhancers such as dimethyl sulphoxide (DMSO), 

tétraméthylammonium chloride (TMAC), non-ionic detergents and formaldehyde 

have been used to increase specificity of the reaction by reducing the stability of 

mismatched complexes (Riedel et a/., 1992). It was thought that inclusion of 

these chemicals would encourage the initiation of amplification by reducing the 

competition from mismatched complexes and allow ing all the resources to be 

channelled to amplifying the stable complexes. However these changes did not 

induce amplification.

Since so many experiments were performed changing and mixing both 

reaction constituents and conditions, it was expected that at least one of the 

combinations would result in a banding pattern. This, however, did not happen. 

Further experiments concentrating more on the primer sequence and annealing 

temperatures and times (especially ramping), need to be performed before the true 

value of the RAPD technique with DNA from A. rabiei can be assessed.
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CHAPTER 8

CONCLUSIONS

In this study, the importance of the fungus Ascochyta rabiei as a pathogen 

of chickpea was investigated. One reason for its pathogenicity could be the 

ability o f the fungus to secrete toxins into the plant. The ability of the fungus to 

produce toxins in vitro was studied using various media. Initially, a medium 

consisting of Czapek Dox liquid medium supplemented w ith chickpea seed 

extract was used. This medium encouraged solanapyrone A, B and C production 

by fungal isolates. Further analysis of a complex medium and then of chickpea 

seed and leaf and stem supplements, provided the basis for a defined supplement 

(Chen and Strange, 1991) and by a process of elim ination the defined metal 

cation supplement was established. It was observed that zinc was the most 

important cation in inducing solanapyrone production, since w ithout it none was 

produced.

The solanapyrones were toxic to isolated chickpea cells and chickpea calli. 

However, this toxicity varied according to cultivar of the plant and the particular 

solanapyrone used. Solanapyrone A was the most toxic compound when tested 

against nine cultivars, solanapyrone B was the least and solanapyrone C 

intermediate.

From these preliminary experiments it was suggested that the solanapyrone 

toxins play a role in the development of the disease. Additional experiments 

were carried out to test the toxin producing abilities of fungal isolates and to asses 

the ability of these isolates to infect chickpea plants. The defined metal cation 

supplement was used in the toxin production experiments because it was found 

to give reproducible results.

The general observations made were that all the isolates tested produced 

the solanapyrone toxins, w ith isolate 6K producing the greatest quantity of 

solanapyrones and isolate TAV producing the least. It was also observed that the 

most virulent isolate was 6K and the least virulent isolate AR-8710. A relationship 

between solanapyrone production and virulence was established w ith correlation 

coefficients between 0.78 and 0.91. Many other authors have also found
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correlations between toxin production by a fungal pathogen and the ability of the 

fungus to infect host plants (Livingston, 1984; Surico et a i,  1981; Manka et a i,  

1985; Kurppa, 1985; Lamari and Bernier, 1989; Koch et a/., 1989; De March et 

a/., 1989). This close correlation between toxin production of an isolate and its 

ability to infect plants, suggests that toxins play a role in disease development. 

To determine if virulence and toxigenicity are inherited together, isolates were 

crossed. However conditions were not favourable for sexual reproduction.

RAPD-PCR analysis of isolates of /\. rabiei was attempted w ith a view to 

relating toxigenicity w ith genotype. However, despite many variations of 

protocol, RAPD bands were not obtained. Being able to relate genotype to 

toxigenicity and virulence would have assisted in the understanding of the role 

of the solanapyrones. The correlation between virulence and toxigenicity was 

high but this does not necessarily mean there is a causal relationship between the 

two. If this were proved then the use of the toxins for the production of resistant 

chickpea cultivars would be an attractive proposition. This would be achieved 

by using the toxins as a screening tool and as a selection tool in tissue culture 

since it was observed that different cultivars were sensitive to varying degrees to 

the solanapyrones.
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Appendix 1

Solid media

Water agar

27o agar in 1 0 0 0 ml of distilled water.

Chickpea seed agar

Czapek Dox agar (45.4g/l: Oxoid, U.K.) supplemented w ith chickpea seed extract 

(60g/l).

Rose bengal agar

Glucose (lOg), peptone (5g: Oxoid, U.K.), potassium dihydrogen phosphate (1g), 

hydrated magnesium sulphate (0.5g), rose bengal (25mg, 5% w/v in water; 0.5ml), 

dichloran (2mg, 0.2% w/v ethanol; 1ml), chloramphenicol (lOOmg) and agar 

(15mg) all in 1000ml of distilled water.

Potato dextrose agar

Potato (200g), dextrose (20g) and agar (20g) all in 1000ml of distilled water.
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Appendix 2

Liquid media

Chickpea seed extract liquid medium (CSE)

Czapek Dox liquid medium (33.4g/l: Oxoid, U.K.) supplemented with 

chickpea seed extract (60g/l of seed dry weight).

Leaf and stem extract liquid medium (L+S^

Czapek Dox liquid medium (33.4g/l: Oxoid, U.K.) supplemented with 

chickpea leaves and stem extract (lOOg/1 fresh weight plant material).

The defined metal ion liquid medium TDMD

Czapek Dox liquid medium (33.4g/l: Oxoid, U.K.) supplemented with various 

hydrated metal salts

(mg/1)

Manganese chloride 20

Zinc sulphate 50

Calcium chloride 100

Copper chloride 20

Cobalt chloride 20
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Appendix 3

Probit table

Transformation of percentages to probits

% 0 1 2 3 4 5 6 7 8 9

0 2.42 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66

10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12

20 4.16 4.19 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45

30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72

40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97

50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23

60 5.25 5.28 5.31 5.33 5.36 5.39 5.41 5.44 5.47 5.50

70 5.52 5.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81

80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23

90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 7.33

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

99 7.33 7.37 7.41 7.46 7.51 7.58 7.65 7.75 7.88 8.09
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Appendix 4

Tissue culture medium for the induction of chickpea callus 

Constituent (mg/1)

Hydrated sodium hydrogen phosphate 90

Di-sodium hydrogen phosphate 30

Potassium chloride 300

Sodium sulphate 200

Hydrated magnesium sulphate 250

Potassium nitrate 1000

Hydrated calcium chloride 150

Potassium iodide 0.75

Iron - EDTA 13.9

Hydrated manganese sulphate 10

Boric acid 3

Hydrated zinc sulphate 3

Hydrated sodium molybdomate 0.25

Hydrated copper sulphate 0.25

Hydrated colbalt chloride 0.25

Nicotinic acid 1

Thiamine.HCl 10

Pyridoxine.HCl 1

Myo-inositol 100

N - Z Amine type A 2000

2,4-D 2

Kinetin 0.2

Glycine 2

Sucrose 20000

Agar 6000

The pH of the whole mixture is 5.8.
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Appendix 5

Stages at which the chickpea plants were harvested and inoculated with 

mixtures of Ascochyta rabiei isolates

1) 14 days after germination

2) Pre-flowering

3) Flower drop / pod initiation

4) After harvesting the pods

Stages at which the chickpea plants were inoculated with mixtures of 

Ascochyta rabiei isolates and left to grow

1) 14 days after germination

2) Pre-flowering

3) Flower drop / pod initiation

4) After harvesting the pods

Samples were harvested every 2 weeks during the growing period and 

incubated as in section 6.2.3.2.
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Appendix 6

Silver staining method optimized for native-PAGE with PhastGel (Pharmacia, 

Sweden) gradient media

Step Port Time Temp.
Number Solution IN OUT (min) m Remarks

1 Fix 1 0 5 20 Fixing solution
2 Wash 1 2 0 2 50 Wash solution
3 Wash 2 3 0 2 50 Wash solution
4 Wash 2 3 0 4 50 Wash solution
5 Sensitizer 4 0 6 50 Protein sensing
6 Wash 2 3 0 3 50 Wash solution
7 Wash 2 3 0 5 50 Wash solution
8 Reagent grade 

water
5 0 2 50 Wash solution

9 Reagent grade 
water

5 0 2 50 Wash solution

10 0.5% silver 
nitrate

6 0 10 40 Staining solution

11 Reagent grade 
water

5 0 0.5 30 Wash solution

12 Reagent grade 
water

5 0 0.5 30 Wash solution

13 Developer 7 0 1 30 Developing solution
14 Developer 7 0 5 30 Developing solution
15 Background

reducer
8 0 2 30 Background reducing 

solution
16 Preservation

solution
9 0 5 50 Stop solution
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Appendix 7

Optimization of the RAPD-PCR procedure. All reactions were carried out in 50pi.

Mg'+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) CC) (min)

20 4.0 100 0.2 5’-GATCCAGCTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GATCCAGCTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GATCCAGCTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GATCCAGCTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GATCCAGCTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GATCCAGCTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GATCCAGCTG-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGGAGCTCCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGGAGCTCCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGGAGCTCCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGGAGCTCCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGGAGCTCCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGGAGCTCCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGGAGCTCCC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CTCTGCCTCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTCTGCCTCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTCTGCCTCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTCTGCCTCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTCTGCCTCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTCTGCCTCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTCTGCCTCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCTCACGAGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCTCACGAGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCTCACGAGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCTCACGAGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCTCACGAGT-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCTCACGAGT-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCTCACGAGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-AGCGTTTGGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-AGCGTTTGGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-AGCGTTTGGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-AGCGTTTGGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-AGCGTTTGGT-3’ 5 A 25 5
50 16.0 400 8.0 5’-AGCGTTTGGT-3’ 5 A 15 8
100 20.0 600 10.0 5’-AGCGTTTGGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCCGTTATCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCCGTTATCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCCGTTATCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCCGTTATCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCCGTTATCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCCGTTATCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCCGTTATCT-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50fti.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) CC) (min)

20 4.0 100 0.2 5’-CGGCCCCGGT-3’ 2 A 40 2
20 4.0 100 0.2 5 -CGGCCCCGGT-3' 2 A 37 2
20 8.0 200 0.5 5’-CGGCCCCGGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-CGGCCCCGGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-CGGCCCCGGT-3’ 5 A 25 5
50 16.0 400 8.0 5’-CGGCCCCGGT-3’ 5 A 15 8
100 20.0 600 10.0 5’-CGGCCCCGGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-CGGCCCCTGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-CGGCCCCTGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-CGGCCCCTGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-CGGCCCCTGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-CGGCCCCTGT-3’ 5 A 25 5
50 16.0 400 8.0 5-CGGCCCCTGT-3' 5 A 15 8
100 20.0 600 10.0 5’-CGGCCCCTGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CGGCCCCGGC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CGGCCCCGGC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CGGCCCCGGC-3’ 5 A 25 5
50 16.0 400 8.0 5-CGGCCCCGGC-3' 5 A 15 8
100 20.0 600 10.0 5 -CGGCCCCGGC-3' 8 A 15 10
20 4.0 100 0.2 5’-CTGGGCACGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTGGGCACGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTGGGCACGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTGGGCACGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTGGGCACGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTGGGCACGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTGGGCACGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-TTCCGCCACC-3’ 2 A 40 2
20 4.0 100 0.2 5’-TTCCGCCACC-3’ 2 A 37 2
20 8.0 200 0.5 5’-TTCCGCCACC-3’ 3 A 37 5
40 10.0 200 1.0 5’-TTCCGCCACC-3’ 4 A 30 5
50 16.0 400 5.0 5’-TTCCGCCACC-3’ 5 A 25 5
50 16.0 400 8.0 5’-TTCCGCCACC-3’ 5 A 15 8
100 20.0 600 10.0 5’-TTCCGCCACC-3’ 8 A 15 10
20 4.0 100 0.2 5’-TGGCGCAGTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-TGGCGCAGTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-TGGCGCAGTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-TGGCGCAGTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-TGGCGCAGTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-TGGCGCAGTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-TGGCGCAGTG-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg^+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-CCTTTCCCTC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCTTTCCCTC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCTTTCCCTC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCTTTCCCTC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCTTTCCCTC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCTTTCCCTC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCTTTCCCTC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCGCTACCGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCGCTACCGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCGCTACCGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCGCTACCGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCGCTACCGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCGCTACCGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCGCTACCGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GAGCGAGGCT-3’ 2 A 40 2
20 4.0 100 0.2 5-GAGCGAGGCT-3' 2 A 37 2
20 8.0 200 0.5 5’-GAGCGAGGCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-GAGCGAGGCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-GAGCGAGGCT-3’ 5 A 25 5
50 16.0 400 8.0 5-GAGCGAGGCT-3' 5 A 15 8
100 20.0 600 10.0 5-GAGCGAGGCT-3' 8 A 15 10
20 4.0 100 0.2 5’-ACGCCAGAGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACGCCAGAGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACGCCAGAGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACGCCAGAGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACGCCAGAGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACGCCAGAGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACGCCAGAGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-CAGGGGTGGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CAGGGGTGGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CAGGGGTGGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CAGGGGTGGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CAGGGGTGGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CAGGGGTGGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CAGGGGTGGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCTCTGGTTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCTCTGGTTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCTCTGGTTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCTCTGGTTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCTCTGGTTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCTCTGGTTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCTCTGGTTG-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pi.

Mg +̂ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-CCCTAGACTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCCTAGACTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCCTAGACTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCCTAGACTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCCTAGACTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCCTAGACTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCCTAGACTG-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGAGCCTCAG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGAGCCTCAG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGAGCCTCAG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGAGCCTCAG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGAGCCTCAG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGAGCCTCAG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGAGCCTCAG-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCGCCAGCCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCGCCAGCCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCGCCAGCCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCGCCAGCCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCGCCAGCCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCGCCAGCCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCGCCAGCCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-ACGGGAGCAA-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACGGGAGCAA-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACGGGAGCAA-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACGGGAGCAA-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACGGGAGCAA-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACGGGAGCAA-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACGGGAGCAA-3’ 8 A 15 10
20 4.0 100 0.2 5’-ACAGGTGCTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACAGGTGCTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACAGGTGCTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACAGGTGCTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACAGGTGCTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACAGGTGCTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACAGGTGCTG-3’ 8 A 15 10
20 4.0 100 0.2 5’-CAGACAAGCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CAGACAAGCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CAGACAAGCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CAGACAAGCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CAGACAAGCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CAGACAAGCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CAGACAAGCC-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealmg
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pi.

Mg^ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) CC) (min)

20 4.0 100 0.2 5’-CTCTGTTCGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTCTGTTCGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTCTGTTCGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTCTGTTCGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTCTGTTCGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTCTGTTCGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTCTGTTCGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-GACACGGACC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GACACGGACC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GACACGGACC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GACACGGACC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GACACGGACC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GACACGGACC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GACACGGACC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GACTAGGTGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GACTAGGTGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GACTAGGTGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GACTAGGTGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GACTAGGTGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GACTAGGTGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GACTAGGTGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-TGGCAAGGCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-TGGCAAGGCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-TGGCAAGGCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-TGGCAAGGCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-TGGCAAGGCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-TGGCAAGGCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-TGGCAAGGCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCCAGCTAGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCCAGCTAGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCCAGCTAGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCCAGCTAGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCCAGCTAGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCCAGCTAGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCCAGCTAGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTAGCACTCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTAGCACTCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTAGCACTCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTAGCACTCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTAGCACTCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTAGCACTCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTAGCACTCC-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing

280



Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pi.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-TCGGCACGCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCGGCACGCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCGGCACGCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCGGCACGCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCGGCACGCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCGGCACGCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCGGCACGCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-CTGATACGCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTGATACGCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTGATACGCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTGATACGCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTGATACGCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTGATACGCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTGATACGCC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTGTCTCAGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTGTCTCAGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTGTCTCAGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTGTCTCAGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTGTCTCAGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTGTCTCAGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTGTCTCAGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCCCGGTAAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCCCGGTAAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCCCGGTAAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCCCGGTAAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCCCGGTAAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCCCGGTAAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCCCGGTAAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTGGGCTGAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTGGGCTGAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTGGGCTGAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTGGGCTGAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTGGGCTGAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTGGGCTGAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTGGGCTGAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTCCATGCCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTCCATGCCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTCCATGCCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTCCATGCCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTCCATGCCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTCCATGCCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTCCATGCCA-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.')

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-ACATCGCCAA-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACATCGCCAA-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACATCGCCAA-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACATCGCCAA-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACATCGCCAA-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACATCGCCAA-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACATCGCCAA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTGGTCCGCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTGGTCCGCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTGGTCCGCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTGGTCCGCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTGGTCCGCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTGGTCCGCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTGGTCCGCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCCCGCCTAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCCCGCCTAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCCCGCCTAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCCCGCCTAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCCCGCCTAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCCCGCCTAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCCCGCCTAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-AACGCGTCGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-AACGCGTCGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-AACGCGTCGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-AACGCGTCGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-AACGCGTCGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-AACGCGTCGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-AACGCGTCGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-AAGGGCGAGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-AAGGGCGAGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-AAGGGCGAGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-AAGGGCGAGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-AAGGGCGAGT-3’ 5 A 25 5
50 16.0 400 8.0 5’-AAGGGCGAGT-3’ 5 A 15 8
100 20.0 600 10.0 5’-AAGGGCGAGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGAGTGCCTC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGAGTGCCTC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGAGTGCCTC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGAGTGCCTC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGAGTGCCTC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGAGTGCCTC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGAGTGCCTC-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.̂

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50|xl.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50̂ 11) (T ) (min)

20 4.0 100 0.2 5’-CCAGCCGAAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCAGCCGAAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCAGCCGAAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCAGCCGAAC-3’ 4 A 30 5
50 16.0 400 5.0 5 -CCAGCCGAAC-3' 5 A 25 5
50 16.0 400 8.0 5’-CCAGCCGAAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCAGCCGAAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGAAGCCAAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGAAGCCAAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGAAGCCAAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGAAGCCAAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGAAGCCAAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGAAGCCAAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGAAGCCAAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCAAGCTGCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCAAGCTGCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCAAGCTGCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCAAGCTGCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCAAGCTGCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCAAGCTGCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCAAGCTGCC-3’ 8 A 15 10
20 4.0 100 0.2 5’-TGACCCGCCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-TGACCCGCCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-TGACCCGCCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-TGACCCGCCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-TGACCCGCCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-TGACCCGCCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-TGACCCGCCT-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGCTTGGCCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGCTTGGCCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGCTTGGCCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGCTTGGCCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGCTTGGCCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGCTTGGCCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGCTTGGCCT-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGGAAGGACA-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGGAAGGACA-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGGAAGGACA-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGGAAGGACA-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGGAAGGACA-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGGAAGGACA-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGGAAGGACA-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. All reactions were carried out in 50pi.

DNA
(ng)

Mg^+
conc.
(mM)

dNTP
conc.
(mM)

Primer
conc.
(mM) sequence

Taq conc. 
(unit/ 
50pl)

Annel. 
temp, times 
CC) (min)

20 4.0 100 0.2 5’-GATCCAGCTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GATCCAGCTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GATCCAGCTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GATCCAGCTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GATCCAGCTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GATCCAGCTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GATCCAGCTG-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGGAGCTCCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGGAGCTCCC-3’ 2 A 37 2
20 8.0 200 0.5 5 -GGGAGCTCCC-3' 3 A 37 5
40 10.0 200 1.0 5’-GGGAGCTCCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGGAGCTCCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGGAGCTCCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGGAGCTCCC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CTCTGCCTCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTCTGCCTCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTCTGCCTCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTCTGCCTCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTCTGCCTCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTCTGCCTCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTCTGCCTCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCTCACGAGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCTCACGAGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCTCACGAGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCTCACGAGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCTCACGAGT-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCTCACGAGT-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCTCACGAGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-AGCGTTTGGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-AGCGTTTGGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-AGCGTTTGGT-3’ 3 A 37 5
40 10.0 200 1.0 5’-AGCGTTTGGT-3’ 4 A 30 5
50 16.0 400 5.0 5’-AGCGTTTGGT-3’ 5 A 25 5
50 16.0 400 8.0 5’-AGCGTTTGGT-3’ 5 A 15 8
100 20.0 600 10.0 5’-AGCGTTTGGT-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCCGTTATCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCCGTTATCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCCGTTATCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCCGTTATCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCCGTTATCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCCGTTATCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCCGTTATCT-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50̂ 11) (T ) (min)

20 4.0 100 0.2 5’-CGGCCCCGGT-3’ 2 A 40 2
20 4.0 100 0.2 5’-CGGCCCCGGT-3’ 2 A 37 2
20 8.0 200 0.5 5’-CGGCCCCGGT-3’ 3 A 37 5
40 10.0 200 1.0 5-CGGCCCCGGT-3’ 4 A 30 5
50 16.0 400 5.0 5-CGGCCCCGGT-3’ 5 A 25 5
50 16.0 400 8.0 5-CGGCCCCGGT-3’ 5 A 15 8
100 20.0 600 10.0 5 -CGGCCCCGGT-3’ 8 A 15 10
20 4.0 100 0.2 5-CGGCCCCTGT-3’ 2 A 40 2
20 4.0 100 0.2 5-CGGCCCCTGT-3’ 2 A 37 2
20 8.0 200 0.5 5-CGGCCCCTGT-3’ 3 A 37 5
40 10.0 200 1.0 5-CGGCCCCTGT-3’ 4 A 30 5
50 16.0 400 5.0 5-CGGCCCCTGT-3’ 5 A 25 5
50 16.0 400 8.0 5-CGGCCCCTGT-3’ 5 A 15 8
100 20.0 600 10.0 5-CGGCCCCTGT-3’ 8 A 15 10
20 4.0 100 0.2 5-CGGCCCCGGG-3’ 2 A 40 2
20 4.0 100 0.2 5-CGGCCCCGGG-3’ 2 A 37 2
20 8.0 200 0.5 5-CGGCCCCGGG-3’ 3 A 37 5
40 10.0 200 1.0 5-CGGCCCCGGG-3’ 4 A 30 5
50 16.0 400 5.0 5-CGGCCCCGGG-3’ 5 A 25 5
50 16.0 400 8.0 5-CGGCCCCGGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-CGGCCCCGGG-3’ 8 A 15 10
20 4.0 100 0.2 5-CTGGGCACGA-3’ 2 A 40 2
20 4.0 100 0.2 5-CTGGGCACGA-3’ 2 A 37 2
20 8.0 200 0.5 5-CTGGGCACGA-3’ 3 A 37 5
40 10.0 200 1.0 5-CTGGGCACGA-3’ 4 A 30 5
50 16.0 400 5.0 5-CTGGGCACGA-3’ 5 A 25 5
50 16.0 400 8.0 5-CTGGGCACGA-3’ 5 A 15 8
100 20.0 600 10.0 5-CTGGGCACGA-3’ 8 A 15 10
20 4.0 100 0.2 5-TTCCGCCACC-3’ 2 A 40 2
20 4.0 100 0.2 5-TTCCGCCACC-3’ 2 A 37 2
20 8.0 200 0.5 5-TTCCGCCACC-3’ 3 A 37 5
40 10.0 200 1.0 5-TTCCGCCACC-3’ 4 A 30 5
50 16.0 400 5.0 5-TTCCGCCACC-3’ 5 A 25 5
50 16.0 400 8.0 5-TTCCGCCACC-3’ 5 A 15 8
100 20.0 600 10.0 5-TTCCGCCACC-3’ 8 A 15 10
20 4.0 100 0.2 5-TGGCGCAGTG-3’ 2 A 40 2
20 4.0 100 0.2 5-TGGCGCAGTG-3’ 2 A 37 2
20 8.0 200 0.5 5-TGGCGCAGTG-3’ 3 A 37 5
40 10.0 200 1.0 5-TGGCGCAGTG-3’ 4 A 30 5
50 16.0 400 5.0 5-TGGCGCAGTG-3’ 5 A 25 5
50 16.0 400 8.0 5-TGGCGCAGTG-3’ 5 A 15 8
100 20.0 600 10.0 5-TGGCGCAGTG-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.')

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg^+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-CCTTTCCCTC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCTTTCCCTC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCTTTCCCTC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCTTTCCCTC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCTTTCCCTC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCTTTCCCTC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCTTTCCCTC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCGCTACCGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCGCTACCGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCGCTACCGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCGCTACCGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCGCTACCGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCGCTACCGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCGCTACCGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GAGCGAGGCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-GAGCGAGGCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-GAGCGAGGCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-GAGCGAGGCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-GAGCGAGGCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-GAGCGAGGCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-GAGCGAGGCT-3’ 8 A 15 10
20 4.0 100 0.2 5’-ACGCCAGAGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACGCCAGAGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACGCCAGAGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACGCCAGAGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACGCCAGAGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACGCCAGAGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACGCCAGAGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-CAGGGGTGGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CAGGGGTGGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CAGGGGTGGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CAGGGGTGGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CAGGGGTGGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CAGGGGTGGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CAGGGGTGGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGTCTGGTTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGTCTGGTTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGTCTGGTTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGTCTGGTTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGTCTGGTTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGTCTGGTTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGTCTGGTTG-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.')

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50|xl.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-CCCTAGACTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCCTAGACTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCCTAGACTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCCTAGACTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCCTAGACTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCCTAGACTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCCTAGACTG-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGAGCCTCAG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGAGCCTCAG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGAGCCTCAG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGAGCCTCAG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGAGCCTCAG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGAGCCTCAG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGAGCCTCAG-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCGCCAGCCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCGCCAGCCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCGCCAGCCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCGCCAGCCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCGCCAGCCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCGCCAGCCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCGCCAGCCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-ACGGGAGCAA-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACGGGAGCAA-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACGGGAGCAA-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACGGGAGCAA-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACGGGAGCAA-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACGGGAGCAA-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACGGGAGCAA-3’ 8 A 15 10
20 4.0 100 0.2 5’-ACAGGTGCTG-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACAGGTGCTG-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACAGGTGCTG-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACAGGTGCTG-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACAGGTGCTG-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACAGGTGCTG-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACAGGTGCTG-3’ 8 A 15 10
20 4.0 100 0.2 5 -CAGACAAGCC-3' 2 A 40 2
20 4.0 100 0.2 5’-CAGACAAGCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CAGACAAGCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CAGACAAGCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CAGACAAGCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CAGACAAGCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CAGACAAGCC-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50|o,l.

Mg^ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50^1) CC) (min)

20 4.0 100 0.2 5’-CTCTGTTCGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTCTGTTCGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTCTGTTCGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTCTGTTCGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTCTGTTCGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTCTGTTCGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTCTGTTCGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-GACACGGACC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GACACGGACC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GACACGGACC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GACACGGACC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GACACGGACC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GACACGGACC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GACACGGACC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GACTAGGTGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GACTAGGTGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GACTAGGTGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GACTAGGTGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GACTAGGTGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GACTAGGTGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GACTAGGTGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-TGGCAAGGCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-TGGCAAGGCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-TGGCAAGGCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-TGGCAAGGCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-TGGCAAGGCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-TGGCAAGGCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-TGGCAAGGCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCCAGATAGA-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCCAGATAGA-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCCAGATAGA-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCCAGATAGA-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCCAGATAGA-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCCAGATAGA-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCCAGATAGA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTAGCACTCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTAGCACTCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTAGCACTCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTAGCACTCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTAGCACTCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTAGCACTCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTAGCACTCC-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50|il.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (°C) (min)

20 4.0 100 0.2 5’-TCGGCACGCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCGGCACGCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCGGCACGCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCGGCACGCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCGGCACGCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCGGCACGCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCGGCACGCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-CTGATACGCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CTGATACGCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CTGATACGCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CTGATACGCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CTGATACGCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CTGATACGCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CTGATACGCC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTGTCTCAGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTGTCTCAGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTGTCTCAGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTGTCTCAGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTGTCTCAGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTGTCTCAGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTGTCTCAGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCCCGGTAAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCCCGGTAAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCCCGGTAAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCCCGGTAAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCCCGGTAAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCCCGGTAAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCCCGGTAAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTGGGCTGAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTGGGCTGAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTGGGCTGAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTGGGCTGAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTGGGCTGAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTGGGCTGAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTGGGCTGAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTCCATGCCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTCCATGCCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTCCATGCCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTCCATGCCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTCCATGCCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTCCATGCCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTCCATGCCA-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 ('cont.')

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50)0,1.

Mg^ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

20 4.0 100 0.2 5’-ACATCGCCCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-ACATCGCCCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-ACATCGCCCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-ACATCGCCCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-ACATCGCCCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-ACATCGCCCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-ACATCGCCCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-GTGGTCCGCA-3’ 2 A 40 2
20 4.0 100 0.2 5’-GTGGTCCGCA-3’ 2 A 37 2
20 8.0 200 0.5 5’-GTGGTCCGCA-3’ 3 A 37 5
40 10.0 200 1.0 5’-GTGGTCCGCA-3’ 4 A 30 5
50 16.0 400 5.0 5’-GTGGTCCGCA-3’ 5 A 25 5
50 16.0 400 8.0 5’-GTGGTCCGCA-3’ 5 A 15 8
100 20.0 600 10.0 5’-GTGGTCCGCA-3’ 8 A 15 10
20 4.0 100 0.2 5’-TCCCGCCTAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-TCCCGCCTAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-TCCCGCCTAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-TCCCGCCTAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-TCCCGCCTAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-TCCCGCCTAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-TCCCGCCTAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-AACGCGTCGG-3’ 2 A 40 2
20 4.0 100 0.2 5’-AACGCGTCGG-3’ 2 A 37 2
20 8.0 200 0.5 5’-AACGCGTCGG-3’ 3 A 37 5
40 10.0 200 1.0 5’-AACGCGTCGG-3’ 4 A 30 5
50 16.0 400 5.0 5’-AACGCGTCGG-3’ 5 A 25 5
50 16.0 400 8.0 5’-AACGCGTCGG-3’ 5 A 15 8
100 20.0 600 10.0 5’-AACGCGTCGG-3’ 8 A 15 10
20 4.0 100 0.2 5’-AAGGGCGATT-3’ 2 A 40 2
20 4.0 100 0.2 5’-AAGGGCGATT-3’ 2 A 37 2
20 8.0 200 0.5 5’-AAGGGCGATT-3’ 3 A 37 5
40 10.0 200 1.0 5’-AAGGGCGATT-3’ 4 A 30 5
50 16.0 400 5.0 5’-AAGGGCGATT-3’ 5 A 25 5
50 16.0 400 8.0 5’-AAGGGCGATT-3’ 5 A 15 8
100 20.0 600 10.0 5’-AAGGGCGATT-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGAGTGCCTC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGAGTGCCTC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGAGTGCCTC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGAGTGCCTC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGAGTGCCTC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGAGTGCCTC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGAGTGCCTC-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg^ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) CC) (min)

20 4.0 100 0.2 5’-CCAGCCGAAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCAGCCGAAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCAGCCGAAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCAGCCGAAC-3’ 4 A 30 5
50 16.0 400 5.0 5-CCAGCCGAAC-3' 5 A 25 5
50 16.0 400 8.0 5’-CCAGCCGAAC-3’ 5 A 15 8
100 20.0 600 10.0 5 -CCAGCCGAAC-3' 8 A 15 10
20 4.0 100 0.2 5’-GGAAGCCAAC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGAAGCCAAC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGAAGCCAAC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGAAGCCAAC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGAAGCCAAC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGAAGCCAAC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGAAGCCAAC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CCAAGCTGCC-3’ 2 A 40 2
20 4.0 100 0.2 5’-CCAAGCTGCC-3’ 2 A 37 2
20 8.0 200 0.5 5’-CCAAGCTGCC-3’ 3 A 37 5
40 10.0 200 1.0 5’-CCAAGCTGCC-3’ 4 A 30 5
50 16.0 400 5.0 5’-CCAAGCTGCC-3’ 5 A 25 5
50 16.0 400 8.0 5’-CCAAGCTGCC-3’ 5 A 15 8
100 20.0 600 10.0 5’-CCAAGCTGCC-3’ 8 A 15 10
20 4.0 100 0.2 5’-TGACCCGCCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-TGACCCGCCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-TGACCCGCCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-TGACCCGCCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-TGACCCGCCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-TGACCCGCCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-TGACCCGCCT-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGCTTGGCCT-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGCTTGGCCT-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGCTTGGCCT-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGCTTGGCCT-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGCTTGGCCT-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGCTTGGCCT-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGCTTGGCCT-3’ 8 A 15 10
20 4.0 100 0.2 5’-GGGAAGGACA-3’ 2 A 40 2
20 4.0 100 0.2 5’-GGGAAGGACA-3’ 2 A 37 2
20 8.0 200 0.5 5’-GGGAAGGACA-3’ 3 A 37 5
40 10.0 200 1.0 5’-GGGAAGGACA-3’ 4 A 30 5
50 16.0 400 5.0 5’-GGGAAGGACA-3’ 5 A 25 5
50 16.0 400 8.0 5’-GGGAAGGACA-3’ 5 A 15 8
100 20.0 600 10.0 5’-GGGAAGGACA-3’ 8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.')

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg^ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) CO (min)

20 4.0 100 0.2 5’-GACCCTAGTC-3’ 2 P 40 2
20 4.0 100 0.2 5’-GACCCTAGTC-3’ 2 P 37 2
20 8.0 200 0.5 5’-GACCCTAGTC-3’ 3 P 37 5
40 10.0 200 1.0 5’-GACCCTAGTC-3’ 4 P 30 5
50 16.0 400 5.0 5’-GACCCTAGTC-3’ 5 P 25 5
50 16.0 400 8.0 5’-GACCCTAGTC-3’ 5 P 15 8
100 20.0 600 10.0 5’-GACCCTAGTC-3’ 8 P 15 10
20 4.0 100 0.2 5’-GACCCTAGTC-3’ 2 A 40 2
20 4.0 100 0.2 5’-GACCCTAGTC-3’ 2 A 37 2
20 8.0 200 0.5 5’-GACCCTAGTC-3’ 3 A 37 5
40 10.0 200 1.0 5’-GACCCTAGTC-3’ 4 A 30 5
50 16.0 400 5.0 5’-GACCCTAGTC-3’ 5 A 25 5
50 16.0 400 8.0 5’-GACCCTAGTC-3’ 5 A 15 8
100 20.0 600 10.0 5’-GACCCTAGTC-3’ 8 A 15 10
20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 

5-ACAGGTGCTG-3’
2 P 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

2 P 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

3 P 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

4 P 30 5

50 16.0 400 5.0 5’-CGGCCCCGGC-3’
5’-ACAGGTGCTG-3’

5 P 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

5 P 15 8

100 20.0 600 10.0 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

8 P 15 10

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

2 A 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

2 A 37 2

20 8.0 200 0.5 5-CGGCCCCGGC-3’
5-ACAGGTGCTG-3’

3 A 37 5

40 10.0 200 1.0 5-CGGCCCCGGC-3’
5’-ACAGGTGCTG-3’

4 A 30 5

50 16.0 400 5.0 5’-CGGCCCCGGC-3’ 
5’-ACAGGTGCTG-3’

5 A 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

5 A 15 8

100 20.0 600 10.0 5 -CGGCCCCGGC-3’ 
5-ACAGGTGCTG-3’

8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pi.

DNA
(ng)

M g^
conc.
(mM)

dNTP
conc.
(mM)

Primer
conc.
(mM) sequence

Taq conc. 
(unit/ 
50pl)

Annel. 
temp, times 
C O  (min)

20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

2 P 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

2 P 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

3 P 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

4 P 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

5 P 25 5

50 16.0 400 8.0 5’-CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

5 P 15 8

100 20.0 600 10.0 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

8 P 15 10

20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

2 A 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

2 A 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

3 A 37 5

40 10.0 200 1.0 5-CGGCCCCGGC-3’
5-GGAGCCTCAG-3’

4 A 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

5 A 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

5 A 15 8

100 20.0 600 10.0 5’-CGGCCCCGGC-3’ 
5-GGAGCCTCAG-3’

8 A 15 10

20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

2 P 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

3 P 37 5

40 10.0 200 1.0 5-CGGCCCCGGC-3’
5-TCGCCAGCCA-3’

4 P 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

5 P 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

5 P 15 8

100 20.0 600 10.0 5’-CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

8 P 15 10

20 4.0 100 0.2 5’-CGGCCCCGGC-3’
5-TCGCCAGCCA-3’

2 A 40 2

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.')

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50)j,l.

DNA
(ng)

Mg'+
conc.
(mM)

dNTP
conc.
(mM)

Primer
conc.
(mM) sequence

Taq conc. 
(unit/ 
50^1)

Annel. 
temp, times 
CC) (min)

20 4.0 100 0.2 5’-CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

2 A 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

3 A 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

4 A 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

5 A 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

5 A 15 8

100 20.0 600 10.0 5 -CGGCCCCGGC-3’ 
5-TCGCCAGCCA-3’

8 A 15 10

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

2 P 37 2

20 8.0 200 0.5 5’-CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

3 P 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

4 P 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

5 P 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

5 P 15 8

100 20.0 600 10.0 5-CGGCCCCGGC-3’
5-CCCCTGACTG-3’

8 P 15 10

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

2 A 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

2 A 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

3 A 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5’-CCCCTGACTG-3’

4 A 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

5 A 25 5

50 16.0 400 8.0 5’-CGGCCCCGGC-3’ 
5-CCCCTGACTG-3’

5 A 15 8

100 20.0 600 10.0 5-CGGCCCCGGC-3’
5-CCCCTGACTG-3’

8 A 15 10

20 4.0 100 0.2 5-CGGCCCCGGC-3’
5-CAGACAAGCC-3’

2 P 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

2 P 37 2

P=Promega A=Amplitaq Annel.=Annealing

294



Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50p.l.

DNA
(ng)

M g^
conc.
(mM)

dNTP
conc.
(mM)

Primer
conc.
(mM) sequence

Taq conc. 
(unit/ 
50pl)

Annel. 
temp, times 
CC) (min)

20 8.0 200 0.5 5’-CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

3 P 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

4 P 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

5 P 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

5 P 15 8

100 20.0 600 10.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

8 P 15 10

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

2 A 40 2

20 4.0 100 0.2 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

2 A 37 2

20 8.0 200 0.5 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

3 A 37 5

40 10.0 200 1.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

4 A 30 5

50 16.0 400 5.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

5 A 25 5

50 16.0 400 8.0 5 -CGGCCCCGGC-3’ 
5-CAGACAAGCC-3’

5 A 15 8

100 20.0 600 10.0 5’-CGGCCCCGGC-3’ 
5’-CAGACAAGCC-3’

8 A 15 10

20 4.0 100 0.2 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

2 P 40 2

20 4.0 100 0.2 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

2 P 37 2

20 8.0 200 0.5 5-GGAGCCTCAG-3’
5’-ACTGTAGAGC-3’

3 P 37 5

40 10.0 200 1.0 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

4 P 30 5

50 16.0 400 5.0 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

5 P 25 5

50 16.0 400 8.0 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

5 P 15 8

100 20.0 600 10.0 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

8 P 15 10

20 4.0 100 0.2 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

2 A 40 2

20 4.0 100 0.2 5-GGAGCCTCAG-3’
5-ACTGTAGAGC-3’

2 A 37 2

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pi.

M g^ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) CC) (min)

20 8.0 200 0.5 5’-GGAGCCTCAG-3’
5’-ACTGTAGAGC-3’

3 A 37 5

40 10.0 200 1.0 5’-GGAGCCTCAG-3’
5’-ACTGTAGAGC-3’

4 A 30 5

50 16.0 400 5.0 5’-GGAGCCTCAG-3’
5’-ACTGTAGAGC-3’

5 A 25 5

50 16.0 400 8.0 5’-GGAGCCTCAG-3’
5’-ACTGTAGAGC-3’

5 A 15 8

100 20.0 600 10.0 5’-GGAGCCTCAG-3’
5’-ACTGTAGAGC-3’

8 A 15 10

20 4.0 100 0.2 5 -CGGCCCCGGT-3' 
5’-TCACGATGCA-3’

2 P 40 2

20 4.0 100 0.2 5’-CGGCCCCGGT-3’ 
5-TCACGATGCA-3’

2 P 37 2

40 10.0 200 1.0 5 -CGGCCCCGGT-3’ 
5-TCACGATGCA-3’

4 A 30 5

50 16.0 400 5.0 5 -CGGCCCCGGT-3’ 
5-TCACGATGCA-3’

5 A 25 5

50 16.0 400 8.0 5 -CGGCCCCGGT-3’ 
5’-TCACGATGCA-3’

5 A 15 8

100 20.0 600 10.0 5-CGGCCCCGGT-3’
5-TCACGATGCA-3’

8 A 15 10

20 4.0 100 0.2 5-CGGCCCCGGT-3’
5’-TCACGATGCA-3’

2 P 40 2

20 4.0 100 0.2 5 -CGGCCCCGGT-3’ 
5-TCACGATGCA-3’

2 P 37 2

40 10.0 200 1.0 5-CGGCCCCGGT-3’
5-TCACGATGCA-3’

4 A 30 5

50 16.0 400 5.0 5-CGGCCCCGGT-3’
5’-TCACGATGCA-3’

5 A 25 5

50 16.0 400 8.0 5 -CGGCCCCGGT-3’ 
5-TCACGATGCA-3’

5 A 15 8

100 20.0 600 10.0 5-CGGCCCCGGT-3’
5-TCACGATGCA-3’

8 A 15 10

20 4.0 100 0.2 5’-AACGCGTCGG-3’
5-CGGCCCCTGT-3’

2 P 37 2

20 8.0 200 0.5 5-AACGCGTCGG-3’
5-CGGCCCCTGT-3’

3 P 37 5

40 10.0 200 1.0 5-AACGCGTCGG-3’
5-CGGCCCCTGT-3’

4 P 30 5

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 7 (cont.)

Optimization of the RAPD-PCR procedure. A ll reactions were carried out in 50pl.

Mg"+ dNTP Primer Taq conc. Annel.
DNA conc. conc. conc. (unit/ temp. times
(ng) (mM) (mM) (mM) sequence 50pl) (T ) (min)

50 16.0 400 5.0 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

5 P 25 5

50 16.0 400 8.0 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

5 P 15 8

100 20.0 600 10.0 5 -AACGCGTCGG-3' 
5’-CGGCCCCTGT-3’

8 P 15 10

20 4.0 100 0.2 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

2 A 40 2

20 4.0 100 0.2 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

2 A 37 2

20 8.0 200 0.5 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

3 A 37 5

40 10.0 200 1.0 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

4 A 30 5

50 16.0 400 5.0 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

5 A 25 5

50 16.0 400 8.0 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

5 A 15 8

100 20.0 600 10.0 5’-AACGCGTCGG-3’
5’-CGGCCCCTGT-3’

8 A 15 10

100 20.0 600 10.0 5’-AACGCGTCGG-3’ 
5’-CGGCCCCTGT-3’ 
5’-CCCCTGACTG-3’ 
5’-GGAGCCTCAG-3’ 
5’-TCGCCAGCCA-3’ 
5’-CGGCCCCGGC-3’

8 A 15 10

P=Promega A=Amplitaq Annel.=Annealing
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Appendix 8

Histograms showing the quantity and activity of solanapyrones produce by Ascochyta rabiei isolates over 21 days, when grown 

in Czapek Dox liquid medium supplemented with either chickpea seed extract or leaf and stem extract.
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Appen. 8 Graph 1

Histograms showing the quantity of soianapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith chickpea seed extract and incubated at a temperature of 20°C.

a) Isolate 6 K b) Isolate 39

c) Isolate 29 d) Isolate TAR

e) Isolate BAR f) Isolate CER

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Appen. 8 Graph 2

Histograms showing the quantity of soianapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith chickpea seed extract and incubated at a temperature of 20°C.

a) Isolate 26 b) Isolate 28

c) Isolate PIE d) Isolate RAC

e) Isolate TAV f) Isolate AR-8710

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Appen. 8 Graph 3

Histograms comparing the activity (units/ml) o f pure soianapyrones to the culture filtrate activity (units/ml) on isolated cells of

chickpea cultivar ILC-482.

Ascochyta rabiei isolates were grown for 21 days on Czapek Dox liquid medium supplemented w ith chickpea seed extract and 

incubated at a temperature of 20°C.

a) Isolate 6 K

c) Isolate 29

e) Isolate BAR

b) Isolate 39

d) Isolate TAR

f) Isolate CER

Pure solanapyrone A, B and C Culture filtrate Eîiîîî]

Standard deviation (of three replicates)
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Appen. 8 Graph 4

Histograms comparing the activity (units/ml) of pure soianapyrones to the culture filtrate activity (units/ml) on isolated cells of

chickpea cultivar ILC-482.

Ascochyta rabiei isolates were grown for 21 days on Czapek Dox liquid medium supplemented w ith chickpea seed extract and 

incubated at a temperature of 20°C.

a) Isolate 26 b) Isolate 28

c) Isolate PIE d) Isolate RAC

e) Isolate TAV f) Isolate AR-8710

Pure solanapyrone A, B and C Culture filtrate Eîi i îî]

Standard deviation (of three replicates)
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Appen. 8 Graph 5

Histograms showing the quantity of soianapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith leaf and stem extract and incubated at a temperature of 20°C.

a) Isolate 29 b) Isolate RAC

c) Isolate 26 d) Isolate BAR

e) Isolate TAV f) Isolate 6 K

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Appen. 8 Graph 6

Histograms showing the quantity of soianapyrones produced by Ascochyta rabie i isolates over 21 days, grown in Czapek Dox

liquid medium supplemented w ith leaf and stem extract and incubated at a temperature of 20°C.

a) Isolate CER b) Isolate PIE

c) Isolate 39 d) Isolate AR-8710

e) Isolate TAR f) Isolate 28

Solanapyrone A [///////] Solanapyrone B and C :- [ ]

Standard deviation (of three replicates)
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Appen. 8 Graph 7

Histograms comparing the activity (units/ml) of pure soianapyrones to the culture filtrate activity (units/ml) on isolated cells of

chickpea cultivar ILC-482.

Ascochyta rabiei isolates were grown for 21 days on Czapek Dox liquid medium supplemented w ith  a leaf and stem extract and 

incubated at a temperature of 20°C.

a) Isolate 29

c) Isolate 26

e) Isolate TAV

b) Isolate RAC

d) Isolate BAR

f) Isolate 6 K

Pure solanapyrone A, B and C Culture filtrate Eîîîîî]

Standard deviation (of three replicates)
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Appen. 8 Graph 8

Histograms comparing the activity (units/ml) of pure soianapyrones to the culture filtrate activity (units/ml) on isolated cells of

chickpea cultivar ILC-482.

Ascochyta rabiei isolates were grown for 21 days on Czapek Dox liquid medium supplemented w ith leaf and stem extract and 

incubated at a temperature of 20°C.

a) Isolate CER b) Isolate PIE

c) Isolate 39 d) Isolate AR-8710

e) :- Isolate TAR f) :- Isolate 28

Pure solanapyrone A, B and C :- Culture filtrate :- Eîl îîî]

Standard deviation (of three replicates) :-
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Application of solvent optimization to the separation of the phytotoxins, 
solanapyrones A, B and C from culture filtrates of Ascochyta rabiel
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Abstract

Philips Solvent Oplimizalion Software PU6J00 was applied to the separation of the three closely related 
phytotoxins, solanapyrones A , B and C, produced l)y Ascochyta rabiei, a fungal parasite o f chickpea. 
The compounds were separated by HPLC with a column of CDS silica as stationary phase and aqueous 
mixtures of methanol (M eOH), acetonitrile (ACN) and tetrahydrofuran (TH F) as mobile phases. 
Eluent from the column was monitored by a diode array detector operating in the UV mode. The 
binary solvent mixtures which gave an isoeluotropic plane for model construction were 62.5% MeOH, 
45.6% ACN and 32.7% THF. Six other tertiary mixtures and one quaternary mixture were interpolated 
on the same plane. Data from the ten chromascans were used to model the retention surfaces of the 
three compounds and obtain the optimum solvent composition for separation. This consisted of 56.3% 
FLO, 21.9% M eOH, 2.0% ACN and 19.8% THF.

Abbreviations: ACN -  acetonitrile; H P L C -h ig h  performance liquid chromatography; M c O H - 
methanol; ODS -  octadccyl silica; T H F - tetrahydrofuran; Sol. -  solanapyrone

Introduction

Solanapyrones A , B and C arc phytotoxins pro
duced by Alternaria solani the causal agent of 
early blight o f potato (Matern et a i,  1978; Ichi- 
hara el at., 1983). Recently, solanapyrones A  
and C were found in cultural filtrates of another 
fungal parasite of plants, Ascochyta rabiei, which 
causes a serious blight of chickpea (Alam et al., 
1989; Nenc, 1982). These compounds can be 
separated and quantitatively analyzed by re
versed phase HPLC with a column of ODS silica 
as stationary phase and ACN/water (1 :1) as 
mobile phase. However, some isolates of the 
fungus, on occasions, produced a third com
pound with a UV  spectrum corresponding to that 
reported in the literature for solanapyrone B 
(Ichihara et al., 1983) and which coeluted with 
solanapyrone C. One way of solving such separa

tion problems is to optimize the solvent system 
based on the concept o f the solvent selcctivity- 
triangle (Snyder, 1978). In reversed phase 
chromatography, MeOH, ACN, THF and water 
or aqueous buffer are preferred solvents as 
mobile phases (Glajch et al., 1980; Snyder, 
1978). i f  a tetrahedron is drawn with the four 
solvents, that is, the corners represent pure sol
vent and the edges are binary mixtures, it is 
possible to define a plane which joins points of 
approximately equal solvent strength. This is 
called the isoeluotropic plane on which the elu
tion time of the last peak in each chromatogram 
w ill remain approximately constant (Lynch and 
Measures, 1990). The optimization strategy is 
therefore first to choose an isoelutropic plane 
which gives acceptable retention times of ana
lytes and secondly to adjust the composition of 
the four solvents on the plane to achieve the best
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overall selectivity. Consequently, the effects of 
changing solvent composition on the retention 
times of the components of the solute mixture 
must be monitored. The optimum solvent com
position is then predicted mathematically. A 
software package (Philips Solvent Optimization 
Software PU6100) which facilitates this approach 
has recently been introduced.

For solvent optimization in our experiments, a 
MeOH/water gradient run was first conducted in 
order to predict an appropriate isoeluotropic 
plane (Snyder, 1980). Ten mixtures of the four 
solvents, MeOH, H^O, THF and ACN, corre
sponding to this plane were used to chromato
graph the three solanapyrones and their reten
tion times were monitored by a diode array 
detector. These data were then used to generate 
a model from which the optimum isocratic sol
vent composition was predicted. (Lynch and 
Measures, 1990; Naish et al., 1989; Naish-Cham- 
bciiain and Lynch, 1990).

Experimental

Production and partial purification o f sol- 
anapyrones. Solanapyrones A , B and C were 
obtained from static culture filtrates of A. rabiei 
(Pass.) Lab. (isolate Put 7) grown in Czapek- 
Dox liquid medium supplemented with chickpea 
seed extract at 20 °C under continuous light for 
12 days (Alam et al., 1989). Fungal mycelium 
and spores were remov'ed by filtration through 
glass fibre papers (Whatman GF/A). Samples of 
filtrates ( 10 ml) were passed through an ODS 
silica minicolumn (400 mg, Techoprcp 25/40) 
and, after washing with water, the toxins were 
eluted with ACN (100% ; 2.0 ml).

HPLC. Data were acquired on a Philips HPLC 
system consisting of a PU4I00 quaternary pump, 
PU4021 diode array detector and P3202 personal 
computer equipped with PU6003 diode array 
software for data handling. Chromatography was 
performed on a cartridge column 15 cm long, 
3.9 mm i.d. with a disposable precolumn guard 
cartridge both containing Nova-Pak C18, 4 pm  
particle size (Waters Ltd). The solvents used 
were MeOH, ACN, THF (HPLC grade from

Fisons Ltd., Loughborough, U .K .) and water. 
A ll chromatography was performed at room 
temperature (ca. 25‘’C) with a flow rate of 
l.O m lm in " '. The system was fully equilibrated 
with each solvent mixture for 30 min before sam
ple injection.

Results

1. Separation o f solanapyrones A , D and C by 
ACN!water ( 1 : 1 )

Although 50% aqueous ACN separated sol
anapyrone A , solanapyrones B and C were not 
sufficiently separated for quantitative analysis 
(Fig. 1).

2. Determination o f the i.soeluotropic plane

A MeOH/water gradient was run in order to 
determine the isoeluotropic plane (Table 1). 
From these data, an isocratic MeOH/water sol
vent mixture (69.2%), giving an acceptable 
range o f retention times (retention time of the 
last peak: 5.90 min), was advised by the soft
ware. The two other binary eluents, watcr/ACN 
and water/THF were calculated using Standard 
Transfer Rules (Berridge, 1985). These three 
corner points defined an isoeluotropic plane
QM&2AX

However, the corner points required updating 
with data from practical runs since analytes vary, 
in their behaviour according to the solvent mix
ture chosen (Berridge, 1985). The updating was 
repeated several times until the retention times 
of the last peaks were sufficiently close to the 
5.90 min predicted by the software and lay be
tween 6.07 and 6.12 min (Fig. 2B).

Talile 1. Data obtained from the initial M cO H /w atcr 
gradient

Time (min)

Running time 20.00 (0-100% M eO H)
Solvent front 1.40
First peak 15.25
Last peak 15.30
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SW.314
0.5000

SOLA

0.4000 ■

SOLB
0.3000 -

Abs.(AU )

0.2000  '

SOLC

0.1000  -

0.0000  '

875 63 4

Time (mins)

/■'/.i;. I. Scpariilioii o f solanapyrones A , B aiui C by 50% atpicous ACN.

3. The remaining seven isocratic separations

The solvent compositions obtained from the soft
ware were used for the remaining seven separa
tions (Fig. 2B). Retention times for the three 
compounds in all ten mobile phases arc shown in 
Table 2.

4. Computer modelTing

Reference spectra were obtained from chroma- 
scan 6 and used to label the compounds in the 
other nine chromascans. After the peaks in all 
ten chromascans had been assigned, the software 
was used to model retention surfaces for the 
three toxins. These were smooth, indicating that 
the assignments made were correct (Fig. 3). The 
software linally generated a response surface 
which showed the quality of resolution aeross the 
isoeluotropic plane, the peaks corresponding to 
solvent compositions which gave the best separa

Tat)!c 2. Retention times o f the tlirec sokimipyrones 
ten chromascans

in the

Chromascan No. Retention time (min)

Sol. A Sol. B Sol. C

1 5.42 5.80 6.07

2 8.22 7.92 8.07
3 6.27 5.77 7.22
4 9.60 8.00 8.60

5 5.77 5.17 6.07
6 5.87 5.17 6.77
7 6.07 • 4.37 4.57
8 4.67 3.82 4.22
9 4.37 3.67 4.17

10 5.87 4.27 6.12-

tions (Fig. 4). An alternative representation of 
the response surface is the contour plot. Here 
the darkest area corresponded to solvent compo
sitions giving the best separation (Fig. 5). Sever
al of the solvent mixtures designated by this area 
were tested.
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69.2%MeOH
0.0%ÀCN
0.0%THF

45.7%MeOH
18.1%ACN
0.0%THF

45.7MeOH
0.0%ACN

14.8%THF
22.8%MeOH 
36.2%ACN 
0.0%THF

22.8%MeOH
18.1%ACN
14.8%THF

22.8%MeOH 
0.0%ACN 

29.7%THF
0.0%MeOH

54.8%ACN
0.0%THF

0.0%MeOH
36.2%ACN
14.8%THF

0.0%MeOH
18.1%ACN
29.7%THF

0.0%MeOH 
0.0%ACN 

45.0%THF

At MeOH corner, predicted last peak retention= 5.90 min
At ACN corner, predicted last peak retention= 5.90 min
AT THF corner, predicted last peak retention= 5.90 min

(A)

( 1 )
62.5%MeOH 
0.0%ACN 
0.0%THF

(3) 
41.2%MeOH 
0.0%ACN 

10.8%THF
(5)

20.6%MeOH 
15.0%ACN 
10.8%THF

(2 )
41.2%MeOH
15.0%ACN
0.0%THF

(4)
20.6%MeOH 
30.1%ACN 
0.0%THF 

(7) (8)
0.0%MeOH 0.0%MeOH

45.6%ACN 30.1%ACN
0.0%THF 10.8%THF

(9)
0.0%MeOH

15.0%ACN
21.6%THF

(6)
20.6%MeOH 
0.0%ACN 

21.6%THF
( 1 0 ) 

0.0%MeOH 
0.0%ACN 

32.7%THF
(13)

F/i;, 2. (A ) An isdcliio lrop ic phinc c :ilc iil:ila i Iiy the sol'lw.'ire Iniscil on the thitn in T.-iIile 1. ( l î )  'I’he lin:i! isiiehintropic phine 
iipdalcO in the li^h l nl experiinentnl

5. Scpamliou o f solanapyrones A , B and C with 
an optimized solvent composition

O f the several solvent compositions tested, the 
best consisted of 56,3% water, 21.9% MeOH, 
2.0% ACN and 19.8% TH F and resulted in 
baseline separation of the three compounds (Fig. 
6).

D iscussion

Application of solvent optimization to the sepa
ration of compounds by HPLC is still limited

owing to the difficulty o f monitoring the crossing 
over o f peaks in different solvents and the large 
number of variables which can profoundly in
fluence the separation ultimately attained. 
Nevertheless, Cox (1984) was able to optimize 
the solvent system for separation of anticonvul
sant drugs based on the selectivity triangle 
(Snyder, 1978). In his experiments, seven sol
vent compositions from an isoeluotropic plane 
were used to construct an overlapping resolution 
map which showed the quality of separation on 
the plane (Cox, 1984).

In our experiments, the occurrence of sol
anapyrone B in some samples of the toxins oh-
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taincd from culture filtrates of A. rabiei pre
vented the quantitative analysis of either this 
compound or solanapyrone C since they were 
not adequately separated on a column of ODS 
silica with 50% aqueous ACN as mobile phase. 
Application of Philips PU6100 software provided 
a solution to this problem by predicting a solvent 
composition for the mobile phase which gave 
baseline separation of all three solanapyrones.

It was important to identify the isoeluotropic 
plane precisely as otherwise erroneous predic
tions would be made by the software. From the 
results of the Mc.OH/water gradient a first ap
proximation was given (Fig. 2A). This was re
fined by running experimentally the three binary 
mixtures. Results from these experiments were 
keyed into the programme and the process re
peated until the predicted times of elution of the 
last peak and those obtained experimentally 
were in close agreement. The sample of the 
solanapyrones was then run in the other seven 
solvent mixtures predicted to lie on the Iso
eluotropic plane (Fig. 2B). These differed in 
composition from those of the first approxima
tion (compare Fig. 2B with Fig. 2A). Once all 
ten chromascans had been obtained, peaks were 
identified and labelled against the reference 
spectra. A fter the correct assignments had been 
made, a satisfactory model was obtained, as 
evidenced by the smooth retention surfaces of all 
three compounds and their excellent separation 
in the optimal solvent predicted.

munity for supporting this work under Contract 
No.TS2.()032M (H).

References.

Alam SS, B illon JN, Slawin A M Z , Williams BJ, Sheppard 
RN and Strange RN (I9S9) I’hytochem. 2S: 2627-2630.

Berridge JC (I9S5) 'rechniqiics for (he Automated Optimiza
tion of I IPLC Separation (pp. 70-92). .lohn Wiley & Sons 
Ltd, UK.

Cox GB (19X4) Multi-solvent optimization of IIIM X  separa
tion. In: Reid E and Wilson ID (cds) Drug Determination

. in Therapeutic and Eorensic Contexts (pp. 7 1-SO). Plenum 
Pulilishing Corporation.

Glajch JL, Kirkland J.I, Squire KM and M inor .IM (19X0) J. 
Chromaiogr. 199: 37-70.

Ichihara A . Tazaki I I and Sakamura S (19X3) Tetrahedron 
Lett. 24: 5373-5376. -

Lynch R and Measures G (1990) L.ah. Pract. 39(1): 61-65.
Matern U, Stroliel GA and Shepard .1 (I97X) Proe. Nat. 

Acad. Sci. USA 75: 4935-4940.
Naish PJ, Lynch R.I and BlalTerl3'(l9X9) J. Chromatogr. 27: 

343-.35X.
Naish-Chamherlain P.I and l.ynch R.I (1990) .1. Chrom

atogr. 29: 79-X9.
None Y L  (19X2) Trop. Pest Manag. 2X(I): 61-70.
Snyder LR (I97X) J. Chromaiogr. Sci. 16: 223-234.
Snyder LR (19X0) Gradient elution. In: Horvath C (ed) High 

Performance Licpiid Chromatography (Vol. I, pp. 207- 
314). Academic Press, New York.

Addrcsx fo r  ofJiiriiiix: Dr. Y i-M in Chen, Department of
Biology, University College London, Gower Street, London
W C IE  6BT, UK

Acknowledgements '

We wish to thank the European Economic Com-


