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ABSTRACT
A fungus with morphological features corresponding to 

the group species Colletotrichum gloeosporioid.es was 

isolated from cassava shoots showing dieback symptoms in 

Ghana. When four locally-grown cultivars were inoculated 

with isolates of the fungus they developed symptoms which 

consisted of discrete dark brown lesions on the stems, 

defoliation and stem dieback. Koch's postulates were 

completed by re-isolating the fungus from the inoculated 

plants.

Biochemical characteristics of the cassava pathogen 

were compared with those of four authentic Colletotrichum 
species, C. gloeosporioides, C. ecutatum, C. capsici and C. 

lindemuthianum. All the organisms were able to utilize 

nitrite except C. lindemuthianum. Aesculin, tributyrin, 

pectin. Tween 80, inositol, and sorbitol were used by all 

five organisms. They all also hydrolysed starch, casein, 

and gelatin, degraded cellulose, and cleaved 4- 

methylumbelliferone S-D-glucoside, 4- methylumbelliferone

G-D-galactoside and methylumbelliferone xyloside. C. 

capsici differed from the other species in that it was able 

to degrade lignin.

The identity and taxonomic position of the cassava 

pathogen was confirmed by sequencing Domain 2 of ribosomal 

DNA and comparing the nucleotide sequences with those of 

other members of the genus whose identities are well 

established. Out of 193 nucleotides analysed the cassava



isolate differed from authentic C. gloeosporioides isolates 

by only one, confirming that the cassava pathogen was a 

form of C. gloeosporioides.

Fruits of tomato, banana, and pepper developed lesions 

within 2 days of inoculation with the cassava pathogen, 

suggesting that it may have a wide host range.

Cells isolated from leaves of cassava were killed by 

culture filtrates of the fungus. Fractionation by acetone 

precipitation and partitioning of the supernatant with 

ethyl acetate showed that the majority of the activity was 

in the ethyl acetate fraction. When this was separated by 

flash chromatography on silica gel three compounds were 

isolated. These shared a prominent peak at m/z 355 as well 

as several other peaks suggesting that they all belonged to 

the same family of compounds.

The acetone precipitate macerated cucumber mesoderm 

tissue and had pectate lyase activity.
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CHAPTER 1 
INTRODUCTION

1.1 Importance of Cassava as a Food Crop
Cassava {Manihot esculenta Crantz) is the only member 

of the family Euphorbiaceae that is cultivated as a food crop 

(Fauquet and Fargette, 1990) . It is the third largest source 

of carbohydrate for human consumption in the world and the 

most important food crop in Africa. More than 80% of cassava 

produced in the world is consumed by human beings and it is 

the principal carbohydrate source for more than 500 million 

people in the developing world (Lozano, 1986; Parquet and 

Fargette, 1990).

1.2 Origin and Distribution of Cassava
The crop originated from South America (possibly from 

South Mexico or Brazil) where it has been domesticated for 

more than 5,000 years (Lozano and Nolt, 1989; Strange, 1993) . 

The Portuguese are credited with the introduction of cassava 

into the Gulf of Guinea in Africa in the 16th century and 

later to the Indian Ocean Island of Madagascar in the 18th 

century. Portuguese ships probably carried cassava to India 

and Sri Lanka by the middle of the 18th century. The importance 

of cassava as a food crop was little appreciated during the 

early stages of its introduction. However, in the 19th century 

cassava cultivation extended across Africa where it is now 

cultivated in more than 3 9 countries (Fauquet and Fargette, 

1990; Strange, 1993).
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1.3 Morphology of Cassava
The cassava plant is a perennial shrub. Leaves of the 

plant are borne at active apices and each leaf has an elongated 

petiole and a palmitic blade (Lozano and Nolt,1989). Petiole 

colour may range from green to red (a character that is 

cultivar specific). The plant exhibits apical dominance with 

petioles borne on raised structures on the stem. Mature stems 

deprived of their leaves appear knobby. Apical dominance is 

broken when the main apex enters the reproductive stage. This 

phase is characterized by the development of branches at the 

main apex resulting from the activities of 2 or 4 axillary 

buds. Fruits of cassava bear brownish seeds. The colour of 

the stem may vary from cultivar to cultivar. A number of 

cultivars have young green stems but as the plant matures 

stems may remain green or become grey or reddish depending 

on the variety. The height reached may be between 1 and 5m 

depending again on the cultivar and factors such as soil 

fertility and amount of rainfall. Carbohydrates accumulate 

in the root parenchyma during tuberization producing swollen 

storage organs. The swollen true roots, resembling sweet 

potatoes may be harvested 7 months after planting (Lozano 

and Nolt, 1989) . In Ghana, cultivars are available that are 

ready for harvest after 6 months. Environmental factors such 

as rainfall and soil fertility can influence the harvesting 

times.
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1.4 Nutritional Value of Cassava
The cassava tuber analysed on a dry weight basis contains 

92.5% carbohydrates and 3.2 % proteins. The bulk of the

carbohydrate consists of starch and sugars. Leaves contain 

7% protein on a fresh weight basis and 20-30% on a dry weight 

basis. They are an important source of protein for people 

in several African countries where they may be eaten as a 

vegetable, or in salads and soups (Lozano, 1986; Almazan and 

Theberge, 1989). Cassava leaves compare favourably with 

soybeans in protein quality and are considerably higher in 

lysine, although they are deficient in methionine and 

tryptophan.

1.5 Use of Cassava in Animal Feed
The nutritive value of cassava leaves as a protein source 

has long been exploited in the feeding of farm animals in 

countries where cassava thrives (Gomez and Valdivieso, 1984) . 

In cassava growing areas of Africa and South America the 

prohibitive cost of animal proteins has encouraged the 

incorporation of cassava leaves into meals for feeding goats, 

sheep and cattle (Onwuka and Akinsoyinu, 1989). The peel of 

the cassava tuber is also used in supplementary feeding of 

sheep and goats. Carbohydrates from the tuber are used in 

combination with other food materials in the feeding of rabbits 

(Radwan et al., 1989) and in fattening chicken (Ng and Lee,

1989).
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1.6 Cyanide levels In Cassava
One major problem associated with the use of cassava 

as food for human consumption is that both leaves and tubers 

contain cyanogenic glucosides (Almazan and Theberge, 1989) . 

Sweet varieties of cassava have relatively low cyanide levels 

and the tubers of some of them can be eaten raw after peeling. 

In contrast, cyanide levels of bitter varieties are often 

high. Different processing methods are used to reduce cyanide 

levels before cassava is cooked and eaten. In Africa, common 

techniques are leaching, fermenting and heating, boiling and 

baking. Leaves used in supplementary feeding of fish, goats 

and sheep are dried in the sun to reduce cyanide levels before 

they are fed to animals (Ng and Wee, 1989) .

In most parts of West Africa, the cultivar selected for 

production by a farmer is determined by cyanide level and 

yield.

1.7 Geographical Factors
Cassava is cultivated throughout the year between 

latitudes 30° north and south and grows well even at altitudes 

of 2000m. It thrives in places where the annual rainfall is 

between 10 0 0 and 2000 mm per annum but has a degree of drought 

tolerance. With the exception of hydromorphic soils, which 

are unsuitable, cassava thrives well on many soil types.
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1.8 Methods of Cultivation
Cassava is mostly propagated vegetatively through the 

use of stem cuttings about 20-30 cm in length, the precise 

method varying in different regions or countries. Cuttings 

may be inserted directly into the soil at an acute angle to 

the surface, into special mounds made with hoes or placed 

horizontally in holes and covered with soil. In Ghana the 

use of mounds is the choice of the majority of farmers while 

in Nigeria planting on ridges appears to be the most popular 

practice. Both methods are thought to improve the yield of 

tubers.

The plant can also be propagated through seed but in 

West Africa this is not favoured as emergence is slow, 30-40 

days for unscarified seeds and 18-25 days for scarified seeds. 

Plants propagated through stem cuttings under favourable 

conditions grow to heights of about Im in 4 0 days. Meristem- 

cultured plantlets are also used for propagation (Lozano and 

Nolt, 1989).

In Africa, mixed cropping is a common practice of peasant 

farmers who form the majority of cassava farmers. Crops such 

as tomato, egg plant, pepper, banana and plantain are 

frequently intercropped with cassava in Ghana.

1.9 Production Levels
The estimated world production of cassava for 1985 was 

136 million tons and of this, Africa produced about 57 million 

tons from 7.5 million hectares (Fauquet and Fargette, 1990) . 

Production of cassava in Africa exceeds that of yams {Dioscorea
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spp.), 24 million tons; maize (Zea mays), 12 million tons;

and pearl millet {Pennisetum glaucum) , 9 million tons (Fig. 

1) . The average production of cassava per hectare in Africa 

is between 5 and 10 tons but on research farms yields as high 

as 80 tons per hectare has been achieved (Fauquet and Fargette,

1990) . In Africa, the bulk of the crop is consumed locally.

In recent years, a number of African governments have 

come to appreciate the significant role cassava plays in their 

national economies, particularly as a buffer crop against 

famine. Cassava can be processed into a variety of forms and 

stored for many years without any loss of quality. Production 

of cassava on a plantation scale is now being encouraged in 

Ghana and some other African countries. In Ghana, for example, 

the Root and Tuber Division of the Crop Research Institute, 

Kumasi was established primarily to improve the production 

of tuber crops of which cassava is the most important. In 

the past, every government in Ghana has promoted cash crops 

such as cocoa that bring in foreign currency at the expense 

of food crops such as cassava which is the staple food of 

its people. It is significant that this trend has changed 

over the last 15 years and production of food for local 

consumption is being promoted. Breeding programmes started 

in the late 1960s with the founding of CIAT (International 

Centre for Tropical Agriculture) and IITA (International 

Institute for Tropical Agriculture) have gone a long way to 

promote cassava production in Africa. The two organizations 

have well established breeding programmes that have made 

available to farmers high yielding cassava cultivars as well
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as varieties that are resistant to certain diseases of the 

crop. There is a rich diversity of cassava germplasm in the 

Americas and CIAT's rich cassava collection of over 3,500 

clones has contributed to the introduction of high yielding 

cultivars into Africa (Lozano and Nolt, 1989) .

Diseases and pests are a major constraint to cassava 

production and are discussed in the next section.

1.10 Diseases of Cassava
1.10.1 Viral Diseases of Cassava
1.10.1.1 African Cassava Mosaic Virus (ACMV).

African cassava mosaic virus is the most common of all 

the known cassava diseases and the most important of them. 

Reports indicate that ACMV is present wherever cassava is 

cultivated on the African continent (Fauquet and Fargette, 

1990; Bock, 1983) . Cassava is the only cultivated host affected 

by ACMV (Fauquet and Fargette 1990) . The most visible symptom 

of the disease is leaf mosaic and young plants are known to 

suffer more severely than old ones. Stunted growth and 

reduction of leaf blade area are other symptoms.

ACMV is transmitted by the whitefly vector, Bemisia tabaci 
which belongs to the order Homoptera (Fauquet and Fargette, 

1990; Klinkenberg et al., 1989; Pacumbaba, 1988). Yield losses 

of individual cultivars caused by ACMV have been reported 

from various countries to range between 25 and 95% and even 

cultivars considered to be resistant may suffer losses of 

between 24 and 78% (Bock, 1983) . The estimated average yield 

loss due to ACMV on world cassava production is 50% but the

25



actual effect of the disease on cassava production in many 

African countries is not known (Fauquet and Fargette, 1990; 

Dengel, 1980).

1.10.1.2 Cassava Brown Streak Virus (CBSV)
This disease of cassava occurs in East Africa where it 

causes severe root infections. Such roots are not marketable 

bringing economic hardship to farmers. The incidence and 

economic importance of CBSV is low in comparison to ACMV 

(Lozano and Nolt, 1989) . Rod-shaped particles of average length 

650nm have been isolated from CBSV-infected plants. The role 

of these particles in the etiology of the disease is, however, 

not known (Lozano and Nolt, 198 9).

1.10.1.3. Frog Skin Disease (PSD)
This disease was first reported in Colombia in 1971. 

Plants suffering from FSD produce roots that are reduced in 

size and the tubers develop deep cortical cracks or scale- 

formations on the epidermis. The etiology of FSD is unknown; 

but elongated rod-shaped as well as spherical virus-like 

particles have been identified in leaf sap of plants showing 

symptoms (Lozano and Nolt,1989). Inconclusive evidence suggests 

that white flies are involved in their transmission (Lozano 

and Nolt, 1989).
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Fig. 1
Production of major food crops (cassava, yam, maize and 
millet) in Africa in 1985. Production values represent fresh 
weight of crops (After Fauquet and Fargette, 1990) .
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1.10.2. Bacterial Diseases of Cassava
1.10.2.1 Cassava Bacterial Blight (CBB)

Cassava bacterial blight is one of the most important 

diseases of the crop and causes severe losses in production 

in most of the cassava growing areas of the world (Lozano 

and Nolt, 1989). CBB was first reported in Brazil in 1912 

and has since been reported in Asia, Africa, and Latin America 

where cassava is cultivated (Elango and Lozano, 1980; Lozano 

and Sequeira, 1974; Persley, 1976).

The causal organism of CBB is Xanthomonas campestris 
pv. manihotis and is normally transmitted through host stomata 

and epidermal wounds (Pacumbaba, 1988) . Symptoms consist of 

angular leaf spotting, wilting, dieback, gum exudation and 

vascular necrosis (Lozano, 1986) . Losses in yield range between 

12 and 90% in most countries where the crop is cultivated 

(Persley, 1976) . Losses of 100% have been reported on 

susceptible clones growing in environmental conditions that 

favour the disease (Lozano and Nolt, 1989) . In Zaire, where 

cassava leaves are an important source of proteins for human 

food, an outbreak of cassava bacterial blight from 1970 to 

1975 resulted in starvation (Lozano, 1986). Another serious 

outbreak of CBB occurred in Nigeria in 1972 (Williams et al. , 
1973). This outbreak was considered devastating because it 

resulted in total loss of yield and planting material (Lozano 

and Sequeira, 1974) . CBB occurs in Ghana but its effect on 

yield is not well documented.
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1.10.2.2 Blight-like Disease of Cassava
A blight disease similar in field symptoms to CBB was 

reported in South Africa by Whitlock et al. (1986) . The

symptoms of the disease include angular chlorotic lesions, 

marginal curling and tip necrosis. Leaves of infected plants 

rapidly wilt and abscise. Tips of young infected shoots become 

necrotic in severe cases. Although the symptomatology of 

this new blight disease was reportedly similar to that of 

CBB in the field, investigations carried out revealed important 

differences. The causal organism was identified as a form 

of Erwinia herbicola (Whitlock et al., 1986). Though results 

on yield losses are unavailable, severely infected plants 

died within 5 weeks of inoculation.

1.10.3 Fungal Pathogens of Cassava
Over 6 0 species of fungi have been reported as cassava 

pathogens (Lozano and Nolt, 1989) . Information on diseases 

caused by these fungi is scanty because, unlike ACMV and CBB, 

which are considered very important they have received little 

attention. Diplodia manihotis and Fusarium spp. are reportedly 

the most important fungal pathogens affecting cassava 

production (Lozano and Nolt, 1989) . These fungi induce vascular 

streaking along the stem resulting in wilting. Cassava 

anthracnose disease (CAD) caused by Colletotrichum manihotis 
has been reported in Africa and appears to be dependent for 

transmission on the sap-feeding bug Pseudotheraptus infestans 
(van der Bruggen and Maraite, 1987) .
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1.10.4 Mycoplasmal Pathogens
Mycoplasma-like organisms (MLOs) have been associated 

with several diseases of cassava in Brazil and Colombia where 

they have been reported to be causing substantial yield losses 

(Lozano and Nolt, 1989) . In Brazil, MLOs that have been 

identified induce severe witches brooming, yellowing, vein 

clearing and stunting (Lozano and Nolt, 1989) . Reports indicate 

that MLOs from Colombia affect the floral parts of cassava 

plants causing what is referred to as antholysis syndrome 

in which a normal flower is completely changed to a vegetative 

leafy branch (Lozano and Nolt, 1989) . The disease is believed 

to be mostly transmitted through the use of infected stem 

cuttings in planting but has not been reported in Africa 

(Lozano and Nolt, 1989).

1.10.5 Pests of Cassava
Over 46 species of mites have been reported to attack 

cassava and under favourable environmental conditions they 

can reduce cassava production by 80% (Lozano and Nolt, 1989) . 

The most destructive species is the green mite Mononychellus 
tanajoa. (Lozano and Nolt, 1989) . Mites feed on leaves with 

eventual destruction of leaf tissues.

Thrips, scales and mealybugs are other pests that affect 

cassava production in suitable climates. Thrips have been 

reported to cause losses in yield of about 28% in countries 

where they occur (Lozano and Nolt, 1989) . The most important 

species of scales is Aonidomytilus alhus which is widely 

distributed in the world. This species is often found covering
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the entire stems of plants in suitable environments. It induces 

leaf fall that can reduce yield by 19% (Lozano and Nolt, 1989) . 

Losses in yield caused by mealybugs is about 80% in severe 

attacks. Young shoots are particularly vulnerable to mealybugs 

(Lozano and Nolt, 1989).

1.10.6 Cassava Stem Tip Dieback (STDB)
Stem tip dieback (STDB), a new disease of cassava was 

first reported from Zaire by Muimba-Kankolongo et al. (1989) . 

The disease has been widespread in Western Zaire since 1980 

and high incidences were observed in the dry season. Despite 

these observations, nothing was known about the origin and 

the etiology of the disease. Symptoms include brown watery 

lesions on stems, abrupt yellowing, wilting and drying up 

of the leaves. Defoliation occurs and the stem tissues dry 

up leaving the plant with features similar to cassava affected 

by bacterial blight. A number of organisms including 

Colletotrichum gloeosporioid.es f.sp. manihotis, Glomerella 
cingulata, Pseudomonas fluorescens and a number of Bacillus 
species were isolated from diseased plants on farms. None 

of these, however, produced, typical STDB symptoms following 

artificial inoculation (Muimba-Kankolongo et al., 1989). 

Though losses in yield caused by the disease have not been 

documented all genotypes available for cultivation in Zaire 

were found to be susceptible (Muimba-Kankolongo et al. , 1989) . 

In the event of an epidemic outbreak, availability of planting 

material will be affected seriously, since cassava is mostly 

cultivated vegetatively using stem cuttings in Africa (see
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section 1,7).

Observation of cassava plants in the Ashanti region of 

Ghana, one of the principal cassava growing areas of the 

country, suggested that a dieback syndrome was prevalent but 

was often confused with CBB because both diseases produce 

stem dieback. However, the symptoms were more consistent with 

those described by Muimba-Kankolongo et al. (1989) than those 

of CBB. The characteristic angular leaf lesions associated 

with CBB were never produced. STDB may, therefore, be 

widespread in Africa but have remained undetected until the 

severe outbreak in Zaire highlighted its presence.

Since the causal organism is not known, only ad hoc 
control measures such as roguing, removal from the field of 

affected plants and the use of healthy stem cuttings in 

planting have been tried in Zaire but they have not been 

successful (Muimba-Kankolongo et al., 1989).

1.7 Aims of the Project
This project was, therefore, initiated with the primary 

goal of establishing unequivocally the causal organism of 

the disease and also to document some of the virulence 

properties of the pathogen as an attempt to present a better 

understanding of the disease. The anticipation is that, 

knowledge made available from this research may eventually 

be applied in the development of effective control measures 

against the disease.
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CHAPTER 2
PATHOGENICITY TESTS AND IDENTIFICATION 

OF THE CAUSAL ORGANISM
2.1 Introduction
2.1.1 Isolation

Pathogens often produce distinct lesions on leaves, 

stems or fruits of plants allowing easy selection of 

material for isolation. Material carrying lesions are 

plated on a suitable medium and the organism growing from 

the tissue subcultured. Isolates of Colletotrichum 
gloeosporioides causing diseases of avocado, banana, mango 

and papaya were successfully isolated from lesions on the 

fruits (Hodson at ai.,1993) as was the pathogen (C. 

gloeosporioides) causing coffee berry anthracnose 

(Sreenivasaprasad et ai., 1993) . In diseases where lesions

are not visible isolation has been carried out from wilted 

and dead leaves and stems showing necrosis (Whitlock et 
ai., 1986; Dhingra and Sinclair, 1985) .

Diseased materials removed from farms or obtained from 

other sources usually have a host of microorganisms on 

their surface. The majority of these organisms may only be 

saprophytes and have no direct relationship with the plants 

they occur on. These organisms may complicate the isolation 

process if they are not eliminated. Several chemicals have 

been described that, in appropriate concentrations, are 

useful as surface sterilizing agents. Sodium hypochlorite 

solution in different concentrations
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has been used sucessfully in surface sterilization of stem 

pieces before isolations were carried out (Whitlock et al. , 
1986) . Sterilization of plant tissues with ethanol and 

mecuric chloride solutions are alternative methods 

(Johnston and Booth, 1983) .

2.1.2 Koch's Postulates
Koch's postulates are applied to establish the causal 

organism of a disease since an organism isolated from 

diseased plant material may only be associated with the 

plant and may not necessarily be the pathogen. Koch's 

postulates state that the suspected organism must 

constantly be associated with the disease; the suspected 

causal organism must be grown in pure culture; inoculation 

of the organism into healthy test plants must result in the 

reproduction of at least some of the disease symptoms and 

finally, the suspected organism must be re-isolated from 

the inoculated plants and shown to be identical with the 

organism originally isolated (Strange, 1993; Dhingra and 

Sinclair, 1985).

2.1.3 Storage of Fungal Material
After isolation, it is often important to purify 

fungal isolates by single spore culture and use propagules 

such as spores from these colonies in the documentation of 

properties (Alahakoon et al., 1992) . Maintaining the 

stability of the genome of the isolates to be characterized 

is also very essential if the risk of variation is to be
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eliminated. Variation due to mutations does occur in poorly 

preserved materials and this can have serious consequences 

on the outcome of investigations. The appropriate selection 

of preservation conditions is, therefore, very important 

and is often dictated by the purpose and duration of the 

research. Fungal materials have been stored under oil and 

maintained at 4° or -17°C (Sherriff et al., 1994) . For 

shorter research programmes fungal isolates maintained on 

PDA can be stored as agar discs under sterile distilled 

water and maintained at room temperature (Alahakoon et al., 

1992), Storage of spores from monoconidial cultures at - 

70°C and in liquid nitrogen for longer research programmes 

have been carried out without variation in properties of 

the preserved organisms occurring (Jasalavich et al., 

1995) .

2.1.4 Fungal Identification
Fungal identification for many years has depended on 

the use of classical descriptive systems based on criteria 

such as shape and size of spores, production of 

appressoria, coupled with knowledge of the identity of the 

host plant if the organism concerned is a pathogen 

(Sherriff et al. 1994 ; Sutton, 1992) . These criteria have

been used in the identification of species within the 

genera Fusarium, Pénicillium, Alternaria, Colletotrichum 
and several others (Fagan, 1980; Jasalavich et al., 1995; 

Jeffries et al., 1990; Sherriff et al., 1995). This system 

of identification has generated many problems in many
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genera (Jasalavich et al., 1995) . The difficulties arise 

for a number of reasons. Several members of these genera 

and others lack sufficient morphological characters for 

effective comparisons to be made. In the genus

Colletotrichum for example, the simplest morphological 

distinctions between species are the production of falcate 

or straight conidia (which may or may not be fusiform) , 

production of appressoria and the development of septa by 

germinating conidia (Sherriff et al. , 1994 ; Sutton, 1992) . 

Moreover, many species within several fungal genera have 

indistinguishable morphologies (Guadet et al., 1989;

Sherriff et al. , 1994 ; Sutton, 1992) . In Fusarium oxysporum

alone it has been reported that more than 100 formae

spéciales exist with practically indistinguishable 

morphologies (Guadet et al. , 1989) . These are, therefore,

identified by their adaptations to different hosts. Also 

many pathogenic fungi from different genera have wider host 

ranges (Sherriff et al., 1994; Jefferies et al., 1990). 

Inherent phenotypic plasticity of individual isolates often 

expressed in culture further intensifies the difficulties 

encountered with identification based on morphology alone 

(Sutton, 1992). Identification of a species based on small 

distinctions between sizes and shapes of spores can, 

therefore, be obscured by variation within an isolate. The 

classification of Pénicillium clavigerum and P. duclauxii 
within Pénicillium for example, has been problematic for 

Pénicillium taxonomists owing to varying interpretations of 

the morphology of their penicilli (Frisvad and Filtenborg,
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1983; Pitt, 1979). Furthermore, the cultural conditions 

used for morphological assessment, including the media, the 

age of the culture and the temperatures used, are often not 

standardized. This makes repetition of experiments for 

exact comparisons a difficult exercise (Sherriff et al. ,

1994) .

In recent years, several alternative taxonomic 

criteria have been proposed to resolve some of the 

difficulties. These include various biochemical tests and 

protein profiles (Monte et al., 1991) . The most significant 

advances in fungal taxonomy and identification, however, 

are coming from approaches based on analysis of DNA 

characteristics and these have led to the solution of a 

number of identification problems encountered with several 

fungal genera (Alahakoon et al., 1992; Braithwaite et al., 

1990; Foster et al., 1990; Grajal-Martin, 1993; Haemmerli

et al., 1992; Nicholson et al., 1994; Welsh and McCleland, 

1990; Williams et al., 1990). For example, restriction 

fragment length polymorphisms (RFLPs) have been used to 

resolve important systematic problems of pathogenic fungi 

including clarification of the species status in 

Phythophthora (Foster et al., 1990) and Nicholson et al. 

(1994) used random amplified polymorphisms (RAPDs) to 

detect variation in Pseudocercosporella herpotrichoid.es. 
The limitations of these procedures, however, have been 

emphasized to be the lack of standards and the fact that 

their sensitivity can vary (Gutherie et al., 1990) . In 

contrast, DNA sequences provide more definitive data that
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can be stored and readily compared with information 

obtained from different laboratories (Bruns et al., 1991). 

Many of the DNA sequence analyses that have been reported 

are based on the ribosomal DNA repeat unit, owing to the 

conserved molecular function of these regions (Carbone and 

Kohn, 1993 ; Morales et al., 1993 ; Sherriff et al., 1995; 

Zambino and Szabo, 1993). Sherriff et al. (1995) used rDNA

sequence analysis to distiguish between Colletotrichum 
graminicola and C. sublineolum. Analysis of the ITS-1 and 

ITS-2 regions of ribosomal DNA has been used to distinguish 

species and higher taxonomic divisions e.g., grass 

symbionts and clavicipitaceous plant pathogens (Sherriff et 
al., 1994) . The phylogenetic relationship among several

Leptosphaeria species has been studied based on the 5.8s 

rDNA and ITS regions (Morales et al., 1995) . Guadet et al.

(1989) used sequences from the 5S of the large ribosomal 

subunit (LRSU) RNA molecule to establish phylogeny in 

Fusarium species. O'Donnell (1992) used similar sequence 

analyses to study diversity within a single Fusarium 
species. Peterson (1991) separated closely related species 

of Fusarium based on their domain 2 sequences and Fell and 

Kurtzman (1990) were able to separate all except very 

closely related species of certain marine yeasts using 

domain 2. The use of DNA sequences for phylogenetic 

comparisons is now one of the preferred methods in 

resolving taxonomic problems (Hillis and Dixon, 1991) . 

However, a number of authors disapprove the use of these 

data to distinguish intraspecific taxa (Guadet, 1989) . The



use of molecular characteristics in identification has not 

been restricted to microorganisms alone but has been 

applied to resolve problems involving higher plants and 

animals (Ballinger-Crabtree et al., 1992; Hu and Quiros, 

1991; Russell et al., 1993).

The reasons outlined above have led to the increasing 

use of DNA characteristics in identifying members of the 

genus Colletotrichum. For example, Hodson et al. (1993)

used ribosomal and mitochondrial DNA polymorphisms to 

define the variation found among 38 isolates of C. 

gloeosporioides isolated from four tropical fruits and 

Fabre et al. (1995) have analyzed variation in C.

lindemuthianum using molecular markers, i.e. random 

amplified polymorphic DNA and restriction fragment length 

polymorphisms. In other reports, sequence data from 

ribosomal genes have been used to correct previous

incorrect species identification. For example, 

Sreenivasaprasad et al. (1994) used sequence data of the

internally transcribed spacer 1 (ITS-1) to show that

several isolates from lupin, all with straight/cylindrical 

conidia were C. acutatum and not C. gloeosporioides. In 

addition, Sherriff et al. (1995) were able to confirm the

distinction between C. graminicola, a pathogen of maize, 

and C. sublineoleum, a pathogen of sorghum, by comparison 

of the nucleotide sequences of their ITS-2 regions. In a 

study of several regions of rDNA, Sherriff et al. (1994)

demonstrated several new groupings in the genus

Colletotrichum. They also reported that sequence data from
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Domain 2 (206 base pairs) was almost as effective in

revealing relationships as the combined 28S rDNA and ITS-2 

regions ( 8 8 6  base pairs).

The use of PCR techniques in amplifying small segments 

of DNA for studies on evolution and pathogenicity have been 

reported by several workers (Foster, 1993; Kemker et al., 
1991; Kocher and White, 1989; Kwok and Sninsky, 1989; Smith 

et al., 1990; von Beroldingen et al., 1989; White et al., 

1989) . Sherriff et al. (1994, 1995) and Alahakoon et al.

1992) identified Colletotrichum species through 

amplification of ribosomal DNA using PCR. In this chapter 

domain 2 of the ribosomal DNA of the cassava pathogen was 

amplified by PCR and sequenced. The sequence data were 

compared with those of well known Colletotrichum species to 

confirm the identity of the STDB pathogen.

Literature on biochemical characteristics of 

Colletotrichum species is hardly available for comparisons 

to be made. Such information when available will enhance 

identification work of reseachers especially those in the 

developing countries where facilities for DNA work are not 

readily available (Hawksworth, 1994). In the present study, 

the biochemical characteristics of the cassava pathogen 

were compared with those of four well established 

Colletotrichum species to show whether significant 

variation exists that can provide the basis for comparison 

at the species level.
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2.1.5 Host Range
Most pathogenic species of Colletotrichum have wide 

host ranges rather than having evolved to a specific host 

(Lenné, 1992). C. gloeosporioides causes diseases of 

pawpaw, passion fruit, mango, soybean and several others 

(Dodd et al., 1992) . This same species has been isolated 

frequently from avocado {Persea americana), banana, cacao 

{Theobroma cacao), coffee [Coffea arabica), mango, papaya, 

rubber {Hevea brasiliensis) , yam {Dioscorea alata) and a 

variety of other plants (Mordue, 1971). C. gloeosporioides 
is especially important as a quiescent pathogen causing 

post-harvest rot in tropical fruits such as avocado, 

banana, and mango (Jeffries et al., 1990) . Anthracnose of 

egg plant {Solanum melongena) is also caused by C. 

gloeosporioides. This disease though not very common has 

been reported to cause severe losses in the Carribean.
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2.2 Materials and Methods
2.2.1 Isolation
2.2.1.1 Source of Diseased Material

Twenty five farms in the Mampong district (one of the 

principal cassava growing areas of Ashanti region of Ghana) 

were surveyed for incidence of STDB in the September of 

1993 . Stems from six farms showing typical dieback symptoms 

were selected for pathogenicity tests. Incidence of the 

disease recorded on these farms ranged between 10 and 32% 

(from a sample of 1 0 0  plants).

2.2.1.2 Preparation of Media for the Isolation
The isolation process was carried out on potato 

dextrose agar and cassava dextrose agar. Peeled cassava 

tubers (135 g/litre) were cut into small chips and boiled 

for 1 h to produce a broth. The broth was filtered through 

two layers of muslin to remove large particles. Agar 

powder (Difco) (20 g) and glucose (20 g) were added to one 

litre of the cassava broth, stirred for some few minutes 

and autoclaved at 121°C for 20 min. Potato tubers used in 

the preparation of the PDA medium were washed and the 

unpeeled tubers ( 2 0 0  g) cut into chips and boiled to 

produce a broth. Agar powder (20 g) and glucose (20 g) were 

added to the broth, stirred to dissolve the glucose and 

autoclaved at 121°C for 20 min. The autoclaved media were 

dispensed into 9 cm petri dishes.
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2.2.1.3 Isolation of the Causal Organisms
Stems showing dieback symptoms, were cut into lengths 

of 50-70 mm which encompassed the junction between healthy 

and diseased tissue. They were surface sterilized in 2.5% 

sodium hypochlorite solution for 5 min and rinsed three 

times with sterile distilled water before splitting 

lengthwise into five or six pieces and once crosswise to 

give 10-12 pieces. The pieces were allowed to dry before 

plating on potato dextrose agar (PDA) and cassava dextrose 

agar (CDA) and incubating at 28°C. Mycelium, growing from 

the plant, tissue, was subcultured on to fresh PDA plates to 

obtain pure colonies. Six fungal isolates (one from each of 

the 6 farms) were subcultured and maintained on PDA at 4°C 

until required. The morphological characteristics of these 

isolates were preliminarily investigated by studying 1 to 

3 week old cultures maintained at 25°C on PDA and CDA.

2.2.1.4 Propagation and Growth of Plants
Healthy stems of cassava were obtained from farms in 

the Ashanti region of Ghana for pathogenicity tests. The 

stems were selected on the basis that they were free from 

lesions and punctures made by insects and free of ACMV 

symptoms. Stem cuttings (20 cm long) from four local 

cultivars, Amakuma, Acheampoma, Owuduo and Ankara, were 

planted singly in the autoclaved soil in 25 cm diameter 

pots by placing one end of the cutting in the soil at an 

angle of about 30°. They were incubated in the open at the 

Crop Research Institute, Kumasi, Ghana. The soil used was
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sterilized at 126°C for 45 min. Plants were fed 

artificially with fertiliser at 3 week intervals.

2.2.1.5 Preparation of inoculum for Pathogenicity Tests
Initial cultural and micrcscpic examination of the 

isolates from the six farms revealed no differences among 

them. One of the isolates identified initially by the 

letter C and later by the collection number 785 (Long 

Ashton Research Station (LARS) collection number) was 

randomly selected and used in the pathogenicity studies. 

Discs of mycelium of this fungus were used to inoculate PDA 

plates which were incubated at 28°C for 7 days. Five discs, 

removed from the edges of 7 day old cultures, were used to 

inoculate Czapek Dox liquid medium (Oxoid; 500 ml per 1 

litre flask). Flasks were incubated in the dark at 28°C and 

shaken vigorously once every day. After 14 days, conidia 

were harvested by filtration through four layers of muslin 

and washed three times by centrifugation with sterile 

distilled water at 250g (Centaur 2) before suspending the 

conidia in sterile distilled water to give a concentration 

of 10® cells/ml. This spore suspension was used as the 

inoculum in the pathogenicity studies.

2.2.1.6 Inoculation of Plants
Plants (14 weeks old) were inoculated with conidial 

suspension (1 0 ® cells/ml) of the fungus by three techniques. 

In the first, plants were incubated at high humidity for 24 

h by covering them with a polythene bag, sprayed internally
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with water from an atomizer, before spraying them to run

off with the conidial suspension (Beed et al., 1994). The

plants were immediately covered with polythene bags and 

incubated outside. They were examined for symptoms 5 days 

after inoculation and from this time onwards the polythene 

bags were removed during the day but replaced at night. 

This was done because of the low relative humidity of the 

environment (below 40%) during the period of the 

experiments. Control plants were sprayed to run off with 

sterile distilled water and maintained in the same manner 

as the test plants. In the second technique 2 ml of 

conidial suspension was injected into the exposed cut end 

of the stem from which the plant was propagated. In the 

third technique, droplets ( 1 0  /xl) of the conidial 

suspension (1 0 ® cells/ml) were placed on excised stem pieces 

( 6 cm in length) and incubated at high humidity in an 

incubator at 25°C. The symptoms of the disease were 

documented on a daily basis. The fungus was re-isolated 

from inoculated plants by the same technique employed in 

the initial isolation.

2.2.2 Initial Characterization of Pathogen
The colony characteristics of the fungal isolates were 

investigated on PDA and CDA. Conidia produced from 14 day 

old cultures were examined microscopically for shapes and 

sizes. Production of pigments on both media were monitored 

on 1-3 week old cultures.
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2.2.3 Production of Single Spore Colonies
PDA was inoculated with plugs taken from colonies of 

the six fungal isolates and incubated at 25°C for 14 days. 

Cultures were then flooded with sterile distilled water (10 

ml) and agitated with a sterile needle. Conidia were 

harvested by filtration through 4 layers of sterile muslin. 

The harvested conidia were washed three times on the 

centrifuge (MSE, Microcentaur) at 2,500g for 5 min with 

sterile distilled water. Conidia were resuspended in 

sterile distilled water and the concentration adjusted to 

100 conidia /ml using a haemocytometer. To obtain single 

spore cultures, drops (5/xl) of the conidia suspension were 

added to alternate squares (5 mm^ ) of water agar (2 %

agar) , marked out using a grid drawn on the base of the 

petri dishes. This was done to facilitate the removal of 

single spores. Inoculated plates were incubated for 18 h at 

25°C and single germinating spores transferred to fresh PDA 

with the aid of a microscope. The plates were incubated 

until salmon-coloured spore masses were produced. Conidia 

harvested from the resulting single spore colonies were 

washed on the centrifuge and resuspended in 1 0 % sterile 

glycerol at a concentration of 1 0 ® cells/ml, dispensed into 

sterile Nunc tubes (2 ml; Inter Med, Denmark) in 1 ml 

aliquots and stored at -70°C. Conidia were obtained for all 

six fungal isolates obtained from the six farms.
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2.2.4 Morphological Characterization
Conidia were harvested from 7 day-old cultures grown 

on PDA and washed three times by centrifugation at 10,000g 

r.p.m. (MSE, Microcentaur) before resuspending them in 

sterile distilled water at a density of 10^/ml. The lengths 

and widths of 50 conidia of each of the six isolates were 

measured under a microscope fitted with a graticule eye

piece .

Droplets of the conidial suspension (20 /xl) were 

incubated on acid washed slides in a humidity chamber at 

25 °C for 18 h. Two methods were used to study the 

production of septa by germinating spores. In the first, 

the germinating spores were examined directly by phase- 

contrast microscopy for septum and appressoria formation. 

In the second, conidia incubated for 18 h were stained with 

0 . 0 1  % (w/v) aqueous calcofluor and the presence of septa

in conidia that had produced appressoria examined by 

fluoresence microscopy. The diameters of 60 appressoria 

produced by the cassava isolates 785 and 786 (Long Ashton 

Research Station Collection Numbers) were also measured.

2.2.5 Effect of Spore Concentration on Germination
Plates of PDA were inoculated with conidia of isolate 

785 and incubated at 25°C for 14 days. Conidia were 

harvested by flooding the cultures with sterile distilled 

water and filtering through four layers of muslin. The 

harvested conidia were washed three times on a microfuge at 

2,500g rpm for 10 min (MSE, Microcentaur) and resuspended
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in sterile distilled water. Four different conidial 

concentrations, 1 0 ,̂ 1 0 ,̂ 1 0 ® and 1 0  ̂ /ml were prepared by

adjusting their density using a haemocytometer to determine 

their numbers. Suspensions (30 jil) from each concentration 

were incubated on acid-washed slides with concave cavities 

in humidity chambers at 25°C for 18 h. Six slides were 

prepared for each concentration and aseptic conditions were 

maintained throughout. Percentage germination was assessed 

by counting the number of germinated conidia from a total 

of 1 0 0  on each slide using an ordinary light microscope, 

Conidia were considered germinated when germ tubes were 

longer than the width of the conidium (Manandhar et al,,

1995) ,

2.2.6 Biochemical Characterization
The biochemical characteristics of the the cassava 

isolates were investigated alongside that of authentic 

Colletotrichum species by assessing their ability to 

utilize different substrates. The authentic Colletotrichum 
species (C. acutatum, isolated from Stylosanthes sp, , C. 

lindemuthianum, isolated from Vignia vulgaris, C. 
gloeosporioides, isolated from Aeschynomene virginica and 

C. capsici isolated from Phaseolus vulgaris) which have 

been identified by the sequences of their ribosomal DNA 

(Sherriff et al,, 1994) were obtained from the fungal 

collection of Long Ashton Research Station, Bristol.
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2. 2. 6.1 Nitrite Assiimnilation
Agar plugs removed from the edges of one week old 

cultures of the fungi grown on PDA at 25°C were used to 

inoculate nitrite sucrose agar (appendix 1), The medium was 

autoclaved at 115°C for 10 mins before being dispensed into 

petri dishes. Growth of the fungi was measured daily as 

increases in the radius of the colonies.

2.2. 6. 2 Fatty Acid Esterase Activity
Tween 80 (Sigma) was used as the substrate for testing 

fatty acid esterase activity. The medium was prepared by 

autoclaving a basal medium (appendix 2) and Tween 80 (10%)

solution separately and mixing the two together. Tween 80 

solution (1 0 %, v/v) was prepared by slowly adding 1 0  ml 

Tween 80 to 90 ml warmed (70°C) distilled water. The basal 

medium (pH 5.4) and the 10% Tween solution were autoclaved 

separately at 115°C for 10 min, allowed to cool to 60°C and 

mixed together (10 ml Tween solution to 90 ml basal 

medium). The final medium was dispensed into petri dishes 

and inoculated centrally with a straight wire using 

conidial suspension (10̂  cells/ml) and incubated at 25°C for 

14 days. Tween 80 is a mixture of esters of fatty acids 

(predominantly oleic but with stearic, linoleic and 

palmitic acids) and growth on the medium results in a rise 

in pH turning the medium blue-purple owing to the presence 

of the pH indicator bromocresol purple (Paterson and 

Bridge, 1994) . A further test for esterase activity was 

carried out by incubating 50 [il of culture filtrate with 50
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fil of fluorescein diacetate solution in microtitre plates. 

The culture filtrates were produced by inoculation of 30 ml 

aliquots of Czapek-Dox cassava extract medium (section 

2 . 2 .1 .2 ) with 20fil of conidial suspension and incubating at 

25°C for 14 days. The fluorescein diacetate solution was 

prepared by dissolving 50 mg of the compound in acetone (10 

ml) and diluting this stock solution with 49 parts holding 

buffer (HB) made from 50mM citric acid, ImM magnesium 

sulphate, ImM KH^PO^, sodium hydroxide (5.8 g/1) and sucrose 

(100 g/1) just before the test. Esterase activity was

recorded as the development of a bright green fluorescent

colour owing to the cleavage of fluorescein diacetate by

the enzyme to release free fluorescein.

2.2.6.3 Lipase Activity
The deep agar diffusion method (Lima et al; 1991) was 

adopted for this investigation. Basal medium consisting of 

mycological peptone (5 g. Sigma), yeast extract (3.0 g, 

Oxoid) and agar (10 g, Oxoid No 3) per litre of distilled 

water was prepared separately and autoclaved at 115°C for 

1 0  min before the tributyrin substrate was added to it. 

Tributyrin (Sigma) was filter sterilized (using a 0.2 fim 
pore size filter, Nalge Co., USA) and added to the hot 

basal medium to give a final concentration of 0 .1 % (v/v).

The final medium was blended hot using a Sorvall Omnimixer 

(Ivan Sorvall Inc., U.S.A.), dispensed into sterile test 

tubes and inoculated with agar plugs taken from 7 day old 

cultures of the test organisms growing on PDA. Incubation
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was carried out at 25°C for a week. Lipase activity was 

recorded as clearing of the opaque medium (Paterson and 

Bridge, 1994).

2.2.6. 4 Protease Activity
Protease activity was investigated by studying the 

hydrolysis of casein and gelatin by the fungal isolates. 

Skimmed milk (Oxoid) was used as the source of casein. 

Casein hydrolysis medium (appendix 3) was prepared,

autoclaved at 110°C for 20 min, dispensed into petri dishes 

and inoculated with agar plugs taken from one week old 

cultures grown on PDA at 25°C. Hydrolysis of casein results 

in a clear zone developing around the colonies. The gelatin 

medium (appendix 4) was prepared by slowly stirring small 

amounts of gelatin into the mineral solution (at 60°C)

until the required amount was completely dissolved. The 

medium was dispensed into 28 ml ( 1 oz) glass bottles and 

sterilized by autoclaving at 115°C for 10 min, allowed to 

solidify and inoculated by stabbing with a straight wire 

using conidial suspension (1 0  ̂ cells/ml) of each test 

organism. Incubation was carried out at 25°C for 21 days. 

Hydrolysis of gelatin results in liquefaction of the medium 

(Paterson and Bridge, 1994) .

2.2.6.5 Lignase Activity
Lignin is generally not a suitable substrate for 

testing lignase activity because of the relatively slow

rate of assays using the natural product (Glenn and Gold,
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1983) and therefore the polymeric dye Poly R-478 (Sigma) 

was used as a substitute. This compound, a lignin analogue, 

consists of four fused rings, a phenyl group and an eight 

carbon sidechain and imparts a reddish colour to the 

medium. The pH of test medium (appendix 5) was adjusted to

4.5 with HCl and the medium sterilized by autoclaving at 

115°C for 10 min before dispensing into petri dishes. The 

petri dishes were inoculated centrally with conidial 

suspension (section 3.2.S.2). A second batch of the medium 

was inoculated with agar plugs removed from 7 day old 

cultures of the fungi grown on PDA. Incubation was carried 

out at 25°C and plates were examined for clearing in the 

medium (Paterson and Bridge, 1994) .

2.2.6.6 Cellulose Degradation
Degradation of cellulose was investigated by the dye 

diffusion method using cellulose azure as the substrate 

(Smith, 1977). A basal medium (100ml) (pH 4.5) consisting 

of NH4H2PO4 (0.1 g) , KCl (20.0 g) , MgSO,. 7 H2O (20.0 mg), and 

agar (1 . 2  g) in distilled water was prepared, dispensed 

into Bijou bottles (2.5 ml/bottle) and sterilized by 

autoclaving at 115°C for 10 min. A second basal medium with 

the same composition was prepared but with the amount of 

distilled water reduced to 67 ml. Cellulose azure (1 g) was 

dissolved in 33 ml of distilled water. The two components 

were autoclaved separately at 115°C for 10 min, mixed 

together while still hot and 0.5 ml of the mixture layered
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aseptically on top of solidified medium in the Bijou 

bottles to give the final medium consisting of clear agar 

with a dense blue layer on the top. The final medium was 

inoculated with drops of conidial suspension (section 

3.2.3.2) of the test organisms and incubated at 25 °C for 

one week. In cellulose azure, the azure blue dye is bound 

to the cellulosic substrate and is released into the medium 

when the cellulose is degraded allowing it to diffuse into 

the clear agar at the bottom. Controls were set up in which 

the final medium was not inoculated.

2.2.6.7 Pectinase Activity
Pectinase activity of the fungi was investigated on 

pectin medium (appendix 6 ) with citrus pectin as the sole 

carbon source. Sterilization of the medium was carried out 

at 110°C for 20 min. The medium was dispensed into petri 

dishes, inoculated with conidial suspension and incubated 

at 25°C for 7 days. After incubation the plates were 

flooded with 0.1 M aqueous solution of malic acid and 

allowed to stand for 1 h at room temperature. The malic 

acid was drained off and and the plates flooded with 0 . 0 1  

% (w/vj aqueous ruthenium red (Sigma) . Flooded plates were 

kept at 4°C for 48 h after which the dye solution was 

drained off and plates washed for 1  h using distilled 

water. Positive pectinase activity was recorded by pink 

colour of the agar with dark pink zones around colonies 

(Paterson and Bridge, 1994).
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2.2.6.8 Aesculin Utilization
Aesculin utilization is used to test for S-glucosidase 

activity. The test medium (appendix 7) was prepared, 

autoclaved at 115°C for 10 min and poured into 9 cm petri 

dishes. The medium was inoculated centrally with conidial 

suspension (1 0 ® cells/ml) of the test organisms and 

incubated at 25°C for 14 days. Positive S-glucosidase 

activity was recorded when cultures turn black (Paterson 

and Bridge, 1994).

2.2.6.9 Hydrolysis of Starch
Hydrolysis of starch was tested on starch agar medium 

(appendix 8 ). Sterilization was carried out at 110°C for 20 

min and the medium dispensed in petri dishes. These were 

inoculated with plugs removed from 7 day old cultures grown 

on PDA. After incubation plates were flooded with iodine 

solution and observed for starch degradation. Starch stains 

blue black with iodine and zones of degradation around 

colonies are either stained brown or remain colourless 

(Paterson and Bridge, 1994).

2.2.6.10 Cleavage of Methylumbelliferone Substituted 
Compounds

Three methylumbelliferone substituted compounds (4- 

methylumbelliferone B-D-glucoside, 4-methylumbelliferone B- 

D-galactoside and 4-methylumbelliferone B-D xyloside) were 

used to investigate B-glucosidase, B-galactosidase and B-
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xylosidase activities. Flasks of Czapek Dox liquid medium 

(30ml) were inoculated with drops (20//1) of conidial 

suspension (10̂  cells/ml) obtained from 14 day old cultures 

of the test organism grown on PDA. The flasks were 

incubated at 25°C for 8 days after which the spent culture 

fluid was harvested by filtration through four layers of 

muslin.

Stock solution of each of the methylumbellif erone 

substituted compounds (SOmM in 1.6 ml dimethylformamide) 

purchased from Sigma were prepared and diluted to 0.15 ml 

in 9.85 ml of 0.05M sodium acetate buffer (pH 5.4). Diluted 

substrate (50/xl) was incubated in microtitre plates (96 

wells) with 50 /il of spent culture fluid of each test 

organism. Duplicates were set up for each fluorogenic 

compound and for each organism. Controls of culture fluid 

and buffer, and substrate solution and buffer were set up 

on the same plate. The microtitre plates were incubated at 

37°C for 4 h after which 50 /il of saturated sodium 

bicarbonate solution was added to each well. The plates 

were read under long wave UV illumination in a UV cabinet. 

Enzyme activity was indicated by a blue fluorescence from 

free methylumbelliferone released through cleavage of the 

substituted compound (Barth and Bridge, 1989).

2.2.6.11 Utilization of Sugar Alcohols
Utilization of sugar alcohols and pigment production 

by the fungi were investigated on media containing inositol 

and sorbitol. Concentrated solutions of each of the sugar
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alcohols were filter sterilized before being added to the 

autoclaved basal medium (appendix 9) to give a final 

concentration of 1%. Sterilization of the basal medium was 

carried out at 115°C for 10 min. Each medium was inoculated 

in petri dishes with plugs of mycelium taken from 7 day old 

cultures of the fungi grown on PDA and incubated at 25°C 

for 21 days. Plates were examined for growth and unusual 

pigment production as a wide variety of filamentous fungi 

do produce strong pigments on these media (Brayford and 

Bridge, 1989) .

2.2.7 Molecular characterization of the STDB Pathogen
The domain 2 of two of the cassava isolates (785, and 

786) were sequenced and their sequences compared with those 

of well established Colletotrichum species using data in 

the gene library of Long Ashton Research Station (LARS). 

The author is grateful to Dr John Bailey and his staff for 

their help and the use of facilities at LARS for this part 

of the investigation.

2.2.7.1 Production of Mycelium for DNA Extraction
Conidia from single spore cultures (10® cells/ ml) were 

used to inoculate Ampicillin-PDA medium. This medium was 

prepared by addition of 1  ml of filter sterilized 

ampicillin solution ( 1 0  mg/ml) per 1 0 0  ml of autoclaved 

PDA. Mycelium was subcultured onto fresh PDA after 5 days 

growth and incubated for 5 days at 25°C. Mycelium from the 

resulting cultures were scraped and used in the inoculation
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of Czapek Dox-V8 medium (appendix 10) in 250 ml flasks 

(lOOml/flask) . The flasks were incubated at 25°C on an 

orbital shaker (140 r.p.m.) for 48 h after which the

mycelium was harvested by filtration through muslin and 

washed thoroughly with sterile distilled water. To 

eliminate the possibility of using contaminated mycelium 

for DNA extraction, spent culture fluids (50 fxl) from each 

sample flask was incubated with liquid broth (Oxoid) 

(prepared according to the manufacturer's instructions) and 

incubated for 72 h at 25°C. The incubated broth was 

monitored for cloudiness that may arise from bacterial 

growth. The harvested mycelium was ground to a loose powder 

under liquid nitrogen and freeze-dried overnight.

2. 2. 7.2 DNA Extraction
DNA was extracted from the powdered mycelium using a 

method adapted from Graham et al. (1994). A microcentrifuge 

tube ( 2 ml) was one-third filled with powdered mycelium, to 

which was added 1.5 ml of extraction buffer (100 mM Tris- 

HCl, 20 mM EDTA, 2% CTAB (cetyltrimethylammonium bromide) 

(w/v) , and 1.4 M NaCl. After mixing thoroughly by gentle 

inversions, the well-soaked mycelium was incubated at 65°C 

for 45 min on a heating block and then centrifuged at 

10,000g for 10 min on a microfuge (MSE, Microcentaur). The 

supernatant was transferred to a new microcentrifuge tube 

and one volume of chloroform-isoamyl alcohol (24:1, v/v) 

was added, mixed thoroughly and centrifuged at 1 0 ,0 0 0 g for 

3 min. The supernatant was collected and 0.1 volume of

57



sodium acetate (3M) and 2 volumes of ice-cold ethanol were 

added. The contents of the tube were gently mixed and the 

DNA precipitated at -80°C for 10 min. After centrifugation 

for 1 min, at 10,000g the supernatant was discarded and the 

pellet washed twice on the centrifuge with 70 % ethanol. 

The resulting DNA pellet was dried at 65°C on a heating 

block for 5 min and dissolved in 500 iil TE buffer (appendix 

12) at 37°C (Sambrook et al., 1989) . RNAase (10 jil of 50 jig 
ml"^ solution) was added and the tube incubated at 37°C for 

1 h. The DNA was stored at 4°C until required for 

amplification.

2.2. 7. 3 Amplification of Ribosomal DNA by PCR
Domain 2 of the ribosomal DNA was amplified by methods 

modified from those described by Sherriff et al. (1994). 

Amplification of ribosomal DNA repeat sequences was carried 

out using the GeneAmp PCR Kit (containing PCR Buffer, dNTPs 

and AmpliTaq DNA Polymerase) and thin-walled PCR Tubes both 

from Applied Biosystems, in a thermocycler (Perkin Elmer 

Cetus 480). A section of the 28S gene containing Domain 2 

was amplified (Guadet et al., 1989 and Sherriff et al., 
1994) , using the primers Pn 9 ( 5'-CTTAAGCATATCAATAAGCGGAGG- 

3') and Pn 2 (5'-GTTCACCATCTTTCGGGTCG-3'), synthesized at 

the University of Bristol. Each reaction tube contained 

sample DNA (1 jig) , primers Pn 2 and Pn 9 (0.2 /xM of each) , 

dATP, dCTP, dGTP and dTTP (0.2 jiM of each), PCR buffer (10 

mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgClz) and AmpliTaq

DNA polymerase (2.5 Units), in a total volume of 100 /xl 

made up with sterile deionized water. This was overlaid
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with 50 /xl PCR mineral oil (Sigma) and the tubes maintained 

on ice until the thermocycler was ready for the 

amplification reactions. PCR was carried out in 30 cycles 

of 15 s at 96°C, 30 s at 60°C, and 60 s at 72°C, preceded 

by an initial dénaturation at 96°C for 2 min, and ending 

with 3 min at 72°C.

2.2.7.4 Assessment of Properties of Extracted DNA
The extracted DNA in TE buffer (section 2.2.7.2 ) was 

diluted 100 fold in sterile distilled water and its 

spectrum in the wavelength range of 230-320 nm recorded. 

The absorbance at 260 nm was used in the determination of 

the concentration of DNA in each sample taking into account 

that an absorbance of 1 is equivalent to a concentration of 

5 0 /xg/ml of DNA.

2.2.7.5 Agarose Gel Electrophoresis of Extracted DNA 
and PCR Products

Agarose gels (0.8% in TBE buffer (appendix 12) 

containing ethidium bromide (EtBr) were loaded with 5 /xl of 

the extracted DNA samples in Orange G loading buffer (5 /xl) 

(appendix 12) and run at 100 volts (70 mA) until the Orange 

G dye reached the bottom of the gel. The quality of the 

extracted DNA was assessed from photographs of the bands.

The ds PCR products were also run on 0.8% agarose gel 

alongside lambda cut with Hind III (Pharmacia, USA) at 100 

volts (70mA) to assess its size. The DNA bands were
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examined under long wave UV light and the sizes assessed 

from photographs.

2.2. 7. 6 DNA Sequencing
Sequencing reactions were carried out using primer Pn4 

(5'- CCTTGGTCCGTGTTCAAGACGGG-3') and the Sequenase PCR 

Product Sequencing Kit (USB Amersham) following the 

protocol provided.

Double stranded DNA (PCR product; 5 jil) was treated 

with a combination of Exonuclease I (1 /xl) and shrimp 

alkaline phosphatase (1 /xl) at 37°C for 15 min. The 

exonuclease removed residual primers and any extraneous 

single stranded DNA and the alkaline phosphatase removed 

any residual dNTPS that would interfere with the labelling 

step of the sequencing process. After the treatment, the 

enzymes were inactivated by heating at 80°C for 15 min.

An annealing mixture (10/xl) was prepared for each PCR 

product to be sequenced containing deionized water (4 /xl) , 

primer Pn 4 (1 /xl) and 5/xl of treated PCR product overlaid

with mineral oil to prevent evaporation. The annealing 

mixture was denatured by heating at 100°C for 3 min in a 

thermocycler and cooled quickly on ice. The mixture was 

centrifuged briefly and chilled on ice until required for 

the labelling reactions.

Each of the four termination mixes (ddCTP, ddATP, 

ddCTP and ddTTP) (2.5 /xl of each ) was dispensed into 

separate labelled tubes and maintained on ice until needed 

for the final reaction.
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A labelling mixture which consisted of reaction buffer 

(2 fil), dithiothreitol (DTT) (1 jil) , labelling mix (0.4 

1̂) , deionized water (1.6 /xl) , [̂ Ŝ] dATP (1/xl) and Sequenase

DNA polymerase (with pyrophosphatase [2 /xl] ) was prepared 

for each DNA sample. The labelling mixture was added to the 

ice cold annealing mixture, mixed thoroughly and incubated 

at room temperature for 5 min. After incubation, 3.5 /xl of 

the labelling reaction was added to each termination mix. 

The contents of each tube was mixed thoroughly and 

incubated at 37°C for 10 min followed by addition of 4 /xl 

of stop solution to each of the termination reactions. 

After mixing the contents of the tube thoroughly the 

mixture was maintained on ice until required for loading. 

Samples were next heated to 75°C and 3 /xl of each loaded 

immediately on to the sequencing gel cast from SeqGel (NBL 

Gene Sciences Ltd., U.K.) containing 6 % acrylamide:

bisacrylamide (19:1) and 7M urea, and run on a vertical 

electrophoresis system (Base Runner Nucleic Acid Sequencer, 

International Biotech. Inc., USA) . The gel was run at 40W 

(2500 V) using 1 x TBE (appendix 12) running buffer until 

the bromophenol blue dye reached the bottom.

The gel was fixed in a solution made up of methanol 

(10 %, v/v), glacial acetic acid (10 %, v/v) in deionized 

water for 40 min with agitation. After fixation the gel was 

dried at 80°C using Biorad (model 583) gel dryer for 1 h 

and the dried gel exposed to an X-ray film (Biomax MR, 18 

X 43 cm) for 24 h. The developed film was read manually on 

a transilluminator, and the DNA sequences aligned using GCG
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PileUp (Sherriff et al., 1994). The nucleotide sequences 

(193 bases) of the D2 region of the cassava pathogens were 

compared with D2 regions of Colletotrichum species studied 

previously (Sherriff et al., 1994) . DNA sequences were 

analysed using the cluster analysis facility of the 

statistical package MEGA (Molecular Evolutionary Genetic 

Analysis) (Kumar et al., 1993).

2.2.8 Investigation of Host Range 
2.2.8.1 Preparation of Inoculum

Conidia of the cassava pathogen (785) were harvested 

from 14 day old cultures grown on PDA at 25°C and the spore 

concentration adjusted to 10̂  cells/ml in sterile distilled 

water. This was used as the inoculum for the host range 

investigation.

2.2.8.2 Inoculation of Fruits
Fruits of tomato, banana, pepper and avocado purchased 

from a supermarket were surface sterilized in 2.5 % sodium 

hypochlorite solution (v/v) for 10 min, washed thoroughly 

with sterile distilled water and allowed to dry under a 

sterile hood.

Drops {lOfil) of the conidial suspension were used to 

inoculate the fruits. Two methods of inoculation were used. 

In the first, the fruits were wounded by gentle piercing of 

the surface with a sterile hypodermic needle through the 

drop of inoculum. Fruits in the second treatment were not 

wounded. The inoculated fruits were placed in a humidity
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chamber that was sterilized in 2.5 % sodium hypochlorite 

solution just before use and incubated at 25°C. Three 

replicates of each fruit were inoculated in each treatment.

2.3 RESULTS 
2.3.1 Incidence of Disease

STDB symptoms were observed on most of the farms 

inspected in the Ashanti region of Ghana. The highest 

incidence, between 20 and 32% (sample size 100) , was 

observed at the six farms which supplied the diseased 

materials for isolation of the fungus.

2.3.2 Isolation and Initial Characterization of Colony 
Morphology of the Fungal Isolates
The morphological characteristics of 90% of colonies 

isolated from diseased stems obtained from the six farms 

were found to be essentially the same. They produced fluffy 

whitish-grey mycelium and elongated conidia were found in 

14 day old cultures. The reverse side of the plates showed 

dark green pigmentation which was more intense in cultures 

grown on CDA. They produced salmon-coloured spore masses

when cultured on PDA and CDA. One of these isolates was

randomly selected for the pathogenicity tests. Other

species isolated shared the morphological characteristics 

of Fusarium spp. (based on the shape of their

macroconidia).
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2.3.3 Symptom Development
Healthy plants (48 in number), inoculated by spraying 

with conidia, developed water-soaked brown to black lesions 

within 5 days on the stems (Fig. 2.1) . The intensity of the 

colours of the lesions to a large extent was found to 

depend on the variety inoculated. No lesions were observed 

on leaves. Lesions were concentrated between 10 and 30 cm 

from the apex and appeared more pronounced in the cultivar 

Amakuma. With further incubation the lesions coalesced to 

give larger brown necrotic areas which girdled the 

internodes. The spread of the necrotic areas progressed 

from one internode to another in an upward fashion towards 

the stem apex. By the 10th day after inoculation, stems had 

become defoliated (Fig. 2.1) . As the disease progressed, 

infected plants developed a branched habit which is 

atypical of healthy cassava plants (Fig.2.2) (see Fig. 3 

for control plant) , None of the control plants (12 in 

number) sprayed with sterile distilled water developed any 

of the symptoms described above. In plants (48 in number) 

inoculated by injection, neither brown lesions nor necrosis 

were produced on the stems. However, these plants 

defoliated and developed the atypical branching at the 

nodes. The first signs of the dieback stage of the disease 

were observed 35 and 47 days after inoculation by injection 

and spraying, respectively (Fig. 2.4) . As the dieback 

progressed, the region between the dead and living tissue 

became distinctly yellow. When droplets of conidial 

suspension were placed on excised stems, water-soaked
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lesions developed within 48 h and distal (top) ends began 

to die after 10 days (Fig. 2.5).

2.3.4 Re-isolation
Koch's postulates were completed by reisolating the 

fungus from inoculated plants. Re-isolation was carried out 

from twelve plants in which the stem dieback stage of the 

disease was well advanced. Examination of the morphological 

characteristics of cultures produced on PDA and CDA by 

these isolates showed that they produced fluffy whitish- 

grey mycelium with dark green pigmentation and elongated 

conidia. Isolates also produced salmon-coloured spore 

masses in 14 day old cultures. These features were 

identical to those of the isolate used in inoculating the 

plants.

2.3.5 Morphological Characteristics
Examination of single-spore cultures of the six 

isolates obtained from the six farms (one from each farm) 

also revealed very close similarities among them. They all 

produced greyish-white fluffy mycelium which obscured 

salmon-coloured spore masses in 14 day old cultures. The 

conidia of all strains were straight with both ends obtuse. 

They measured 14.1 + 1.4 [im in length and were essentially 

a constant 5 /xm in width. They developed a septum on 

germination and produced globose appressoria with diameters 

in the range of 5-7 /xm.
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FIG. 2.1
Test plant (10 days after inoculation by spraying with 
conidia of pathogen) showing defoliation and lesions.
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Fig. 2 2.
Inoculated plant showing atypical branching habit. Plant 
was inoculated by spraying with conidia.
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Fig. 2.3.
Control plant showing the normal growth 
habit of cassava.
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Fig. 2.4.
Inoculated plant showing tip dieback symptoms. The plant 
was inoculated by injecting conidial suspension into the 
end of the propagating cutting.
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Fig. 2.5.
Inoculated piece of stem showing lesions. Lesions developed 
48 h after inoculation with conidial suspension. Note the 
progressive death of the distal (top) end.
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2.3.6 Effect of Spore Density on Germination
In the experiments in which the morphology of 

germinating spores was described it was noticed that spore 

density affected the number of spores that germinated. This 

was further investigated. An inverse relationship between 

log spore density and percentage germination was found (r= 

-0.99 )(Fig 2.6). The percent spore germination at

densities of 10̂ , 10̂  and 10® cells/ml were 91.08, 16.0 and 

1.33 respectively but there was none at 10̂  cells/ml. Over 

80% of the spores at 10̂  cells/ml had produced appressoria 

18 h after incubation.

2.3.7 Biochemical Properties of the Isolates
With the exception of C. lindemuthianum, nitrite was 

assimilated by all the other fungi tested. No growth was 

recorded on plates inoculated with C. lindemuthianum. The 

cassava pathogen was found to be the most tolerant of the 

species tested as it achieved growth of 26,70 mm in 4 days 

compared to the 17.30, 13.60, and 7.3 0 mm recorded for C. 

capsici, C. gloeosporioides, and C. acutatum, respectively 

(Fig. 2.7). Growth on nitrite at a concentration of 43 mM 

is an indication of tolerance (Paterson and Bridge, 1994).

All strains of the cassava pathogen and the 

Colletotrichum species tested were able to utilize 

aesculin, tributyrin, pectin. Tween 80, inositol and 

sorbitol. They also hydrolysed starch, casein, and gelatin 

and degraded cellulose (Tables 2.1 and 2.2).
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c. capsici decolourized the poly R medium showing 

that, unlike the other species, it was able to degrade this 

lignin analogue. All fungal species tested were capable of 

cleaving 4-methylumbellif erone f.-D-glucoside and 4- 

methylumbelliferone S-D-galactoside. The cassava pathogen 

differed from the remaining species by its inability to 

cleave 4-methylumbellif erone il-D-xyloside .

Culture filtrates of all test organisms incubated with 

fluorescein diacetate produced a yellowish fluorescent 

colour within 2 minutes indicating the production of 

esterases.
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Fig. 2.6
Effect of Spore Concentration on Germination. Conidia of 

isolate 785 were incubated on glass slides at 25°C for 18 

h and % germination determined from 100 spores counted.
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Fig. 2.7 Growth of Fungi on nitrite sucrose agar. Growth of 

cassava pathogen compared with that of known Colletotrichum 
species. A= cassava pathogen (isolate 785); B= C. capsici;

.C= C. gloeosporioides; D= C. acutatum; E= C. 

lindemuthianum. Error bars represents standard deviation.

74



Substrate Utilization
Substrates Utilized Isolates

1 2 3 4 5 6
Nitrite Sucrose Agar + + + + + +
Tween 8 0 + + + + + +
Trybutyrin + + + + + +
Gelatin + + + + + +
Casein + + + + + +
Lignin - - - - - -
Cellulose + + + + + +
Pectin + + + + + +
Aesculin + + + + + +
Starch + + + + + +
Methylumbelliferone-S- 
D-glucoside + + + + + +
Methylumbelliferone-S- 
D-galactoside + + + + + +
Methylumbelliferone-S- 
D-xyloside — — — — — —

Inositol + + + + + +
Sorbitol + + + + + +

Table 2.1
Substrate utilization by the cassava isolates, 
+ = growth; - = no growth
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Substrate Utilization of Fungi

Substrates Utilized Fungal Isolates
A B C D E

Nitrite-Sucrose + + + - +
Tween 8 0 + + + + +
Trybutyrin + + + + +
Gelatin + + + + +
Casein + + + + +
Lignin - - + - -
Cellulose + + + + +
Pectin + + + + +
Aesculin + + + + +
Starch + + + + +

Me t hylumbelliferone- 
B-D-glucoside

+ + + + +

Methylumbelliferone- 
B-D-galactoside

+ + + + +

Methylumbelliferone- 
B-D-xyloside

- + + + +

Inositol + + + + +
Sorbitol + + + + +

Table 2.2
Comparison of biochemical properties of species of 

Colletotrichum. A = C. gloeosporioides (cassava isolate 
7 85); B = C. gloeosporioides from Stylosanthes spp; C = C. 
caps i d  •, D = C. lindemuthianum; E = C. acuta turn
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2.3.8 DNA Extraction and Sequence Data
Absorbance units of 0.2593 and 0.1337 were recorded at 

260 and 280 nm respectively when extracted DNA of cassava 

isolate C (LARS 785) was analysed in the wavelength range 

of 230 to 320 nm (Fig. 2.8) . The recorded absorbance of 

extracted DNA of cassava isolate D (LARS 786) at 260 and 

280 nm were 0.1561 and 0.0822 respectively (Fig. 2.9) . 

Concentration of DNA in the two extracted samples 

determined from their absorbance at 260 nm were 1296 and 

780 /ig/ml respectively. PCR products of the extracted DNAs 

of the two cassava isolates were estimated to be 800 base 

pairs in length (Fig. 2.10) .

The Domain 2 sequences of ribosomal DNA of the two 

cassava isolates (LARS 785 and 786) , and those of the 

authentic Colletotrichum species are shown in Figure 2.11. 

Both the cassava isolates had the same sequence and 

differed from authentic isolates of C. gloeosporioides 
obtained from Aeschynomene virginica (LARS 074), Mangifera 
indica sp. (LARS 501) and Stylosanthes sp. (LARS 167 and 

189) by only one nucleotide (Fig. 2.11). This similarity 

and the distinction from the other established species of 

Colletotrichum is further demonstrated by the distance 

matrix (Table 2.3) and a dendrogram constructed from the 

data using the MEGA statistical package (Fig. 2.12) . The 

cassava isolates show high homology (>98.9%) with C. 

gloeosporioides, but showed less homology (90.4 - 96.3%)

with the other species analysed, i.e. C. orbiculare, C. 
acutatum, C. graminicola and C. capsici.
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2 X

Annotated Wavelengths:
1 : Wavelength = 260 Result = 0.259369
2 : Wavelength = 280 Result = 0.133713

Fig. 2.8
ITV Kjt)ect/nua of extr^^cted DNA of cassava 
isolate C (785) recorded in the wavelength 

range of 230 to 320 nm..
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u a v E L E w C T M

Annotated Wavelengths:
1 : Wavelength = 260 Result = 0.156128
2 : Wavelength = 280 Result = 0.082275

Fig. 2.9
UV spectrum of extracted DNA of cassava 
isolate D (786) recorded in the wavelength 
range of 230 to 320 nm.
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2.3.9 Host Range
Lesions developed 48 h after inoculation of tomato, 

pepper, and banana (Figs. 2.13, 2.14, and 2.15) . The

lesions in the wounded tomato and pepper fruits were more 

pronounced when compared with those without wounds. However 

by 72 h the inoculated zones on all tomato fruits were 

filled profusely with masses of whitish mycelium that 

impaired the quality of the the fruits. Both the wounded 

and unwounded pepper fruits developed black lesions which 

were visible 48 h after insulation. Development of lesions 

was comparatively slow in the wounded fruits of banana. 

However, lesion development in the wound-free fruits was 

arrested to brownish circular patches that did not progress 

beyond 5 mm in diameter. The wounded banana fruits 

developed dark water soaked lesions (circular in 

appearance) and by the seventh day the fruit quality was 

greatly impaired. Lesion development in avocado (Fig. 2.16) 

was relatively slow but was visible 10 days after 

inoculation in both the wounded and unwounded fruits.
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8 9 10

800 bp

Fig. 2.10
Agarose gel of PCR products of cassava isolates 
(7 85 and 7 86) and that of known Colletotrichum 
species. Lanes: 1= lambda marker; 2= 074; 3= 785; 4 = 
786; 5= 167; 6= 079; 7= 091; 8= 058; 9= 009; 10 =
414; 11= 141; 12= 501. The numbers represent LARS
collection numbers of the Colletotrichum species.
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Fig. 2.11 Alignment of sequences of Domain 2 of 2 8S 
ribosomal DNA of cassava isolates and known C. 
gloeosporioides isolates

LARS
Nos

10 20 30 40 50
AAAAGGGAAG CGCTTGTGAC CAGACTTGCG TCCGGTGAAT CACCCAGCTC

- c-------  ------ c-
_  Q — — —( j  — —-

60 70 80 90 100
TCGCGGCTGG GGCACTTCGC CGGCTCAGGC CAGCATCAGC TCGCTGTCGG

----------    A ------------------  C-----
------- C--  c-----------  --------  --------

074 + 501
167 + 189
058 + 163
079 + 141
091
009 + 414
785 + 786

074 + 501
167 + 189
058 + 163
079 + 141
091
009 + 414
785 + 786

074 + 501
167 + 189
058 + 163
079 + 141
091
009 + 414
785 + 786

074 + 501
167 + 189
058 + 163
079 + 141
091
009 + 414
785 + 786

110 120 130 140 150
GGACAAAAGC TTCAGGAACG TAGCTCTCTT CGGGGAGTGT TATAGCCTGT----------  Q-----  ---------  ---------  ---------
----------   _G----CTC- ----------  ----------
-----------  G------       C--

----------  G------  ----------  ----------  ----------

160 170 180 190 193
TGCATAATAC CTTCGGCGGG CTGAGGTACG CCGTCCGCAA GGA 
 C  ----------  ----------  ---------- ----

LARS 074 = C. gloeosporioides from Aeschynomene virginica\ 501 = C. 
gloeosporioides from Mangifera indica; 167 = C. gloeosporioides from 
Stylosanthes scabra; 189 = C. gloeosporioides from Stylosanthes sp.; 058 = C. 
acutatum from Musa nana; 163 = C. acutatum from Lupinus mutabilis; 079 = 
C. capsici from Piper betle; 141 = C. capsici from Vigna unguiculata; 091 = 
C. graminicola from Rottboellia cochinchinensis; 009 = C. lindemuthianum 
from Phaseolus vulgaris; 414 = C. orbiculare from Cucumis sativus; 785 and 
786 = isolates from cassava.
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I ; i h l c  2 . J  l ) i H c i c i i c c  i n ; i i r i . \  o l  l ) o m ; i i n  2 l o r  i s o l a t e s  d (  C ollc io irid iiim  I r m i i  c : i s s : iv : i  a n i l  I h i m  o t h e r  l e p r e s e n i a l i v c s  o f  t h e  e c i u i s .

o.ix 161 (:7V 141 074 167 IXV 101 00') I I I

05S ('. iii iiUiliini*
16.1 C. (H UtatKDl* 0.000
07V C. Id/) si ci 0.0.11 0.0.11
141 C. cd/isici 0.0.11 0.011 c.ooo
074 C. ylocnsfxirioidrs 0.017 0.017 0.017 0.017
167 C. i^liirosfxirioiilcs 0.04X 0.04X 0.017 0.017 0.01 1
ISV C. i;tfX‘()SfX)ntii(lcs 0.04S 0.04S 0.017 0.017 0.011 0.000
.10! C. ^Ux'osixirioidcs 0.017 0.017 0.017 0.017 0.000 0.011 0.01 1
00 V liixlniixlliidiiniii 0.0<)6 0.0')6 0.0X0 0.0X0 0.074 0.064 0.064 0.074
414 C. (irhicnltirr 0.0V6 0.0')6 0.0X0 0.0X0 0.074 0.064 0.064 0.074 0.000
OVI C. sdhlincdlitni 0.017 0.017 0.04X 0.04X 0.041 0.041 0.041 0.041 0.0X0 0.0X0
7X1-7X6 isolates from cassava 0.04S 0.04X 0.017 0.017 0.011 0.01 1 0.011 0.01 1 0.064 0.064

DilTc! cnees are ealeuiated as ;1 proportion o f  the site.^ (total 193) di(Cerent, with any di(Terence (transition, transversion

O') I 7S.S-7Sf)

0.011

counted as one. Additional sequence data was taken from SiicrrilT t*/ al. (1994).
* Indicates that I..ARS 058 and 163 were previously regarded as C. niusac and C. {gloeosporioides.
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Figure 2.12 N e ighbor-j o in ing  tree i l lustrating re lationships  between isolates i)i Collctotricluini  Iroin cassava anil other  
representat ives  o f  the ” enus.

76r 0 74 C. gloeosporioide
L 501 C. gloeosporioide30

785 from cassava50
9 9 L 786 from cassava
- 16 7 C. gloeosporioides 

7 7 L 18 9 C, gloeosporioides

99 r 079 C. capsici
141 C. capsici

091 C. subl ineoluiu
46

058 C. acutatum
66

1 0 0 L 163 C. acutatum
009 C. lindemuthianum

1 0 0 L 414 C. orbiculare

Scale; each is approximately equal to a distance o f  0.5 %

Bootstrap values based on 500 re-samples are given at appropriate branches.
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Fig. 2.13
Inoculated tomato fruit (wounded) showing lesions 
7 days after incubation. Inoculation was carried 
out with conidia of isolate 785.
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Fig. 2.14
Inoculated pepper fruit (wounded) showing lesions 
7 days after incubation. Inoculation was carried 
out with conidia of isolate 785.
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#
Fig. 2.15
Inoculated banana fruits (wounded and unwounded) 
showing lesions 7 days after incubation. Lesions 
in the unwounded fruit are small brown circular 
pathches. Inoculation was carried out with 
conidia of isolate 785.
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Fig. 3.16
Inoculated avocado fruit (wounded) showing 
lesions 10 days after incubation. Inoculation was 
carried out with conidia of isolate 785.
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2.4 DISCUSSION
Before this study, no investigation of STDB had been 

made in Ghana. Owing to limited travel facilities only a 

limited survey could be made but this revealed that between 

5 and 32% of cassava plants on 25 farms in the Mampong 

district of the Ashanti Region of Ghana had symptoms of the 

disease. Clearly, these preliminary findings merit a more 

extensive survey.

The symptoms of the disease, namely production of 

discrete dark brown to black lesions on the stem, which 

were at first water soaked, defoliation and stem tip 

dieback were consistent with those described by Muimba- 

Kankolongo et al. (1989). A notable observation, also in

agreement with the findings of Muimba-Kankolongo et ai. 

(1989), was that, in contrast to CBB, no lesions developed 

on the leaves. Stem lesions developed 10 to 3 0 cm from the 

stem tip which compares with the range of 10 to 50 cm 

reported by Muimba-Kankolongo et al. (1989) . The

enlargement of the lesions towards the stem apex was also 

consistent with that described by Muimba-Kankolongo et al. 
(1989).

In culture the fungus produced a dark green pigment 

and salmon coloured conidial masses. The straight conidia 

with obtuse apices were characteristic of Colletotrichum 
species. Moreover, on germination, a distinct septum 

formed, distinguishing the cassava pathogen from the 

aggregate species, C. oblculare (Sherriff et al., 1994) . 

The subsequent development of a globose appressorium
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suggested that the fungus might be C. gloeosporioides 
(Sutton, 1992). Bailey et al. (1992) reported that

appressoria produced by species of Colletotrichum may be 

necessary for infetion. In a study, Hwang et al. (1995)

found that mutants in which the gene, cap2 0 , was disrupted 

formed appressoria but were drastically reduced in 

virulence. It will be interesting to determine the role of 

appressoria and cap2 0  in infection by the cassava isolates.

The reliance on morphological characeristics alone in 

identifying species of Colletotrichum is unsatisfactory 

(Sherriff et al. , 1994) . Therefore attempts were made to

characterise the causal organism of STDB by biochemical and 

molecular techniques and compare the results with those 

obtained with other species of the genus.

C. capsici and C. lindemuthianum could be 

distinguished from other species by the ability of C. 

capsici to degrade lignin and the inability of C. 

lindemuthianum to grow on a medium with a nitrite level of 

43 mM. This result suggests that by investigating a wider 

range of biochemical properties of the group, reliable 

biochemical tests may be developed for the identification 

of Colletotrichum species. The expression of protease, 

pectinase, lipase and cellulase activities by the cassava 

pathogen could have some significance in the development of 

the disease. Several studies of phytopathogenic bacteria 

have shown that in some species, proteases produced are 

involved in disease establishment (Bashan et al., 1986; 

Dahler et al., 19 9 0 ; Dow et al., 19 9 0 ; Reddy et al., 19 71) .
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Bacterial proteases are believed to be involved in the

nutrition of the producing organism or may degrade protein 

in the plant cell wall to allow their spread and also to 

overcome host defences. Lipase activity can disrupt cell

membranes of host plant tissue. Several reports indicate

that pectic enzymes produced by pathogenic fungi and 

bacteria are factors that are responsible for disease 

expression (Keon et al. , 1987; Liao et al. , 1996; Liao,

1989; McRae and Steven, 1990 ; Wijsundera et al., 1984) . 

Cellulase could be an important enzyme employed by the

cassava pathogen in breaching the cell wall of the host 

plant to gain entry into cells.

During these studies it was observed that when spore 

concentrations were high germination was reduced. Conidia 

of Colletotrichum spp. often will not germinate because of 

the presence of germination inhibitors in the spore matrix 

(Manandhar et al., 1995; Tsurushima et al., 1995) . These 

inhibitors must be washed away before spores will 

germinate. In nature this washing is achieved through rain 

splash. The washing of spores for germination experiments 

in the laboratory may not have completely eliminated the 

inhibitor of the STDB pathogen, hence at high spore 

densities it may be present in sufficient concentrations to 

inhibit germination.

Since the biochemical tests were not sufficiently 

specific to define the cassava pathogen to the species 

level, it was decided to sequence part of the larger 

ribosomal subunit as this has enabled taxonomic problems in
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the genus Colletotrichum to be solved (Sherriff et al. , 
1994) . The sequence data demonstrated unequivocally that 

the cassava isolates were very similar to forms of C. 

gloeosporiodes, since they differed from authentic isolates 

of this species by only one nucleotide out of 193 of domain 

2. A comparison with other species of Colletotrichum showed 

that the cassava isolates were distinct from C. obiculare, 
C. acutatum, C, graminicola and C. capsici. Thus on the 

basis of pathogen morphology and ribosomal DNA sequences, 

the causal organism of cassava stem tip dieback is 

identified as a form of C. gloeosporioides (Moses et al., 
1996).

The development of lesions on tomatoes, pepper and 

bananas inoculated with the cassava pathogen suggests the 

fungus has a wide host range. These plants are of 

considerable significance to the economy of Ghana in 

general and cassava farmers in particular since they are 

often used to intercrop cassava. There is also the 

possibility of carry over of inoculum from these plants to 

cassava. In addition, since C. gloeosporioides has been 

isolated from seeds of pepper (Manandhar et al., 1995), 

seed of this crop may serve to spread the disease further.

Water soaked lesions are early symptoms of STDB in 

cassava and the pathogen also caused water soaking symptoms 

in fruits of pepper and banana. Water-soaking is a symptom 

that has often been associated with toxin production 

(Strange et al., 1982) and this is considered in the 

following chapter.
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CHAPTER 3

INVESTIGATION OF TOXICITY OF CULTURE 
FILTRATES 

3.1 Introduction
3.1.1 Fungal Toxins

The symptoms of many plant diseases are caused by 

toxic metabolites (toxins) produced by pathogenic 

microorganisms. Toxins have been traditionally divided 

into two classes, host-selective or non-selective 

(Strange, 1993; Yoder, 1981). Those affecting plants that 

are hosts of the toxin-producing organism only are 

described as host selective. Toxins that are non-selective 

on the other hand cause symptoms not only on host plants 

of the pathogen but on other plants as well (Yoder, 1981) . 

Host-selective toxins are normally essential for 

pathogenicity and variants that have lost the ability to 

produce the toxin are unable to infect and cause disease 

(Yoder, 1981) . In contrast, non-selective toxins are not 

essential for pathogenicity but may contribute to the 

virulence of the pathogen (Kohmoto et al., 1991; Oku,

1994) .

Only 14 pathogenic fungi are reliably known to 

produce host-selective toxins, and nearly all belong to 

the genera Helminthosporium and Alterner ia (Oku, 19 94;
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Otani et al., 1995; Strange, 1993) . However, a host 

selective toxin has been isolated from Pyrenophora 
tritici-repentis that is toxic to wheat (Tomas et al. , 
1990). Many of the physiological and biochemical phenomena 

caused by organisms which produce host - selective toxins 

can be reproduced by treatment of the plant with the 

toxins alone. These toxins are, therefore, primary 

determinants of pathogenicity (Oku, 1994) . Examples of 

host selective toxins are the AF-toxins produced by A. 
alternata infecting strawberries and victorin produced by

H. victoriae that is toxic to oat cultivars containing the 

Vb gene.

Non-selective toxins are produced by fungi in several 

genera and are normally considered as secondary 

determinants of disease or virulence factors because they 

are not a prerequisite for infection (Daub, 1986; Oku, 

1994; Yoder 1981). Most Alternaria species for example 

produce non-selective toxins. The toxin alternaric acid, 

secreted by A. solani causes chlorosis and necrosis on the 

host plant tomato and causes damage to non-host plants 

including cabbage, radish, spinach,sugar beet, tobacco, 

pea, bean sweet clover and cowpea (Pound and Stahman, 

1951) .

Macroscopic symptoms caused by toxins are various and 

depend on the chemical nature of the compound and the 

properties of the plant. Chlorosis, necrosis, wilting, 

growth abnormalities and the production of water soaked 

lesions are the outward symptoms expressed in diseases
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involving toxins (Strange et al. 1982 ; Wheeler, 1981;

Yoder, 1981). At the tissue level toxins have diverse 

modes of action including their effects on the plasma 

membrane, chloroplast and mitochondria of host plants 

(Otani et al., 1995) . Some of these functions are well 

documented in fungi that produce host specific toxins 

(Kohmoto et al., 1976; Park et al., 19 77; Nishimura and 

Kohmoto, 1983) . Toxins that act by altering the 

permeability of plasma membranes with subsequent leakage 

of electrolytes from cells have been reported (Park et 
al., 1987) . Some toxins cause mitochondria to swell 

(Kohmoto et al,. 1984) . A number of toxins have been shown 

to cause malformation of chloroplasts as well as 

inhibition of photosynthtic CO2 fixation (Otani et al.,

1995). Di Giorgio et al., (1996) reported that phytotoxins 

produced by Pseudomonas syringae pv. syringae promoted 

stomatal closure.

3.1.2 Toxins Produced by Colletotrichum Species
Several low molecular weight metabolites which are 

phytotoxic have been isolated fom Colletotrichum species 

such as the colletotrichins, cellotopyrone and the 

aspegillo-marasmins (Bailey et al., 1992; Amusa, 1994; 

Figs. 3.1a, 3.1b and 3.1c). The colletotrichins have been

isolated from C. nicotianae and C. capsici (Grove et al., 

1966; Gohbara et al., 1978), colletopyrone from C. 

nicotianae (Gohbara et al,. 1976) and the aspergillo- 

marasmins from C. gloeosporioides (Ballio, 1969).
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Colletotrichin and colletopyrone are ring structures 

whereas the aspergillomarasmins are alkyl amino acid 

derived compounds. All three compounds inhibited growth of 

seedlings when applied to wounded leaves of host plants 

and are reportedly non-selective as they affect several 

plant species (Bailey et al., 1992) . Gohbara et al. (1978)

reported that colletotrichins isolated from C. nicotianae 
caused symptoms on tobacco similar to those of the 

anthracnose disease caused by the pathogen. Nyange et al. 
(1995) reported that partially purified culture filtrates 

from C. kahawae infecting Coffea arabica were phytotoxic 

to a number of vaieties of coffee plants. Bailey et al. 
(1992) emphasized that investigating the production and 

roles of Colletotrichum toxins in plant diseases could be 

extremely informative and might explain some of the 

symptoms of the diseases.

3.1.3 Bioassays
Bioassays are required to detect toxins and it is 

important that assays should be quantitative, sensitive, 

simple to perform and reproducible. Toxins are initially 

detected by bioassays. For example, the toxin produced by 

Pseudomonas syringae pv. phaseolicola was initially 

defined as a substance that caused chlorosis in a leaf 

assay but later was found to cause accumulation of 

ornithine, an activity that could be reversed by arginine 

or citrulline (Patil et al., 1972).

Since new toxins are usually discovered using simple
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assays involving leaves, cuttings or seedlings, some 

toxins may escape detection because of the insensitivity 

of the assays (Yoder, 1981). Many attempts to detect the 

toxins produced by Helminthosporium maydis using seedlings 

failed even though the species was long suspected to be 

producing a toxin (Yoder, 1981) . The reason was that the 

seedlings were relatively insensitive to the T-toxins 

produced by the pathogen. Using a protoplast assay, Earle 

et al. (1978) and Yoder (1976) were able to define the

toxins produced by Helminthosporium species. Chen and 

Strange (1994) emphasized the use of cell or protoplast 

assays as a sensitive and quantitative way of detecting 

toxins.
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FIG. 3.1 a. Colletotrichin B (Ri= CHO, R^- H)
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FIG. 3.1 c. Colletopyrone (R= H)

FIG. 3.1. Toxins produced by species of 
Colletotrichum (After Gohbara et al., 1978).
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3.2 MATERIALS AND METHODS 
3.2.1 Growth of Plants

Stem cuttings of five cassava cultivars (LCN 174-F, 

TMS 30001-A and three unamed clones) obtained from Dr E. 

Mwenge, Birmingham University were planted in John Innes 

No 3 compost in pots and maintained in a greenhouse inside 

humidity chambers constructed from polythene bags. Plants 

were grown initially in the humidity chambers for at least 

6 weeks before they were exposed to the direct conditions 

of 25°C and a 16 h photoperiod of the greenhouse. Young 

leaves close to the stem apex were removed for 

experiments. Cabbage and caulifower {Brassica oleracea) 
varieties were raised from seed in the green house to 

provide leaves for toxicity investigations. Leaves from 14 

day old plants were used for isolation of cells.

3.2.2 Preparation and Inoculation of Media
Culture filtrates tested for toxic activity were 

produced on three different media. The first medium (a 

modification of Czapek-Dox liquid medium containing 

sucrose) was prepared by boiling small chips of cassava 

tuber (135g/litre) for 1 h to produce broth. The broth was 

filtered through two layers of muslin and the extract 

added to Czapek Dox liquid medium (prepared according to 

manufacturer's instructions) and the medium made up to one 

litre with distilled water. The second medium (cassava 

broth) was prepared by boiling chips of the tuber (135 g) 

and making the extract up to one litre with distilled
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water. Aliquots (3 0 ml) of the two media were dispensed 

into conical flasks ( 1 0 0  ml) and sterilized by

autoclaving. The dispensed media were inoculated with 

plugs of mycelium (3 plugs per flask) removed from

cultures of the cassava pathogen (isolate 785) grown on 

PDA for 7 days at 25°C and incubated at 25°C. Culture 

filtrates produced on modified Czapek Dox and cassava 

broth were harvested on the 2nd, 5th, 8 th, 11th, 14th and 

the 18th day of incubation and mycelium produced at each 

incubation period dried and weighed to assess the 

relationship between mycelial weight and toxin production. 

The pH of each harvested culture filtrate was also 

recorded. Culture filtrates were harvested by filtration 

through four layers of muslin followed by centrifugation 

at 21,000g on a Sorvall Highspeed Centrifuge (model RC 5B) 

for 20 min. The supernatants were collected, freeze dried 

and the powdered samples stored at -18°C until required 

for assay. Culture filtrates were produced in triplicate.

Citrus pectin medium (pH 7) (appendix 1 1 ) dispensed 

into Roux bottles (100 ml of medium/ 1 litre bottle) was 

also used for toxin production. The medium was inoculated

with conidial suspension (1 0  ̂cells/ml) of the cassava

pathogen and incubated at 25°C. Culture filtrates were 

harvested after 14 days incubation by filtration through 

four layers of muslin followed by centrifugation at 

21,000g for 15 min. The supernatants were freeze dried and 

the powdered samples stored at -18°C until required for 

assay.
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3.2.3 Preliminary Determination of Toxicity
Young and fully expanded leaves close to the stem 

apex of cassava plants were used for cell isolation. To 

achieve high viability of cells, plants were kept well 

watered for at least 24 h before leaves were removed for 

isolation. Cells were isolated by incubating 5mm^ pieces 

of cassava leaves with a digestion solution consisting of

1.5% Macerozyme R-10 (Yakult Houhsa Co.,Ltd., Japan), 0.05 

% bovine serum albumin (Sigma), 0.005% Pectolyase Y-23 

(Seishin Pharmaceutical Co. Ltd., Japan) and 10 g sucrose 

in a buffer (pH 5.8) consisting of 50mM citric acid, ImM 

magnesium sulphate, 1 mM KH^PO^, sodium hydroxide (5.8 g/1) 

and sucrose (100 g/1). The leaf pieces were vacuum

infiltrated with digestion solution and stirred gently for 

5 min at room temperature to release the cells. The 

resultant cell suspension was filtered through four layers 

of muslin and washed three times on the centrifuge at lOOg 

with holding buffer. The pellet of cells was finally 

suspended in holding buffer at an absorbance of 0 . 1  at 620 

nm. Cells were similarly obtained from cabbage and 

cauliflower leaves. The freeze dried culture filtrates 

were taken up in holding buffer to produce a solution that 

was 10 times (lOX) that of the original culture filtrate. 

Toxicity to cells isolated from leaves of cassava, cabbage 

and cauliflower was assessed in a bioassay by preparing 

serial two-fold dilutions of the lOX solution in the 

buffer in 96-well microtest plates. Cells isolated from 

leaves of the three plants were suspended in the buffer
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described above at an aborbance of 0.1 at 620 nm. Cell

suspension (50/il) was finally added to each well and the 

plates incubated in the dark at 25°C for 3 h (Chen and 

Strange, 1994). Fluorescein diacetate (50/xl) was added to 

each well after incubation and the wells viewed using an 

Olympus inverted microscope (model IMT) equipped with 

epifluorescence optics (Strange et al., 1982; Chen and

Strange, 1994; Shohet and Strange, 1989). Viable cells

fluoresced yellow green. The fluorescein diacetate 

solution was prepared by dissolving 50 mg of the compound 

in 10 ml acetone and storing this stock solution at -18°C. 

The stock solution was diluted in 49 parts holding buffer 

just before use. Percentage cell death (after correction 

for controls incubated in holding buffer only) was 

converted to probit values and plotted against dilution 

factor (Latif et al., 1993). Fifty percent cell death was 

designated as one unit of activity and results were 

expressed as units of activity per ml of preparation. To 

calculate this the dilution factor that gave 50% cell

death was multiplied by 20 since only 50/il of preparation 

was used in each well (Chen and Strange, 1994; Latif at 
al., 1993) .

3.2.4 Assessment of Heat Stability
Stability to heat of the cell killing factor (s) 

detected in the culture filtrates was investigated using 

14 day old culture filtrates produced in Czapek Dox- 

cassava extract medium. Freeze dried filtrates were taken
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up in cell suspension buffer (section 3.2.3) to produce a 

test solution of lOX strength. The concentrated culture 

filtrate was boiled in a water bath for 15 min and 

assayed.

3.2.5 Dialysis of Culture Filtrates
Culture filtrates from Czapek Dox-cassava extract 

medium were harvested after incubation for 14 days, since 

toxin production on this medium was found to peak at this 

time, freeze dried, dissolved in distilled water and the 

lOX preparation dialysed against deionized water or 

holding buffer. Using an 18 gauge needle and 5 ml syringe

2.5 ml of the concentrated culture filtrate was dispensed 

into a Slide Alyzer (Pierce, U.S. A) and the samples 

dialysed against 150 ml of deionized water at 4°C for 24 

h. The experiment was repeated by dialysing the same 

amount of culture filtrate against 150 ml of holding 

buffer instead of deionized water. The dialysates and 

diffusâtes into water were freeze dried, taken up in 2.5 

ml holding buffer and assayed for cell killing activity. 

The diffusâtes obtained by dialysing against holding 

buffer, however, could not be concentrated and assayed 

because of the high concentration of sucrose and salts. 

Samples of the original culture filtrates were also 

assayed for comparison.
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3.2.6 Extraction of Toxic Factors
3.2.6.1 Butanol Extraction

Culture filtrates from citrus pectin medium harvested 

after 14 days (section 3.2.2) were treated with chilled 

acetone 1.5 volumes (Analar grade) and centrifuged at 

21,000g for 15 min. Acetone in the supernatant was removed 

by rotary evaporation and the pH of resultant aqueous 

phase adjusted to 3 with 2M H2SO4 and extracted three times 

with moist butanol ( 1 vol. butanol: 1 vol culture

filtrate). Alanar grade butanol was used for the 

extraction and was moistened by shaking 1 0  parts butanol 

with 1 part distilled water and discarding the aqueous

phase. The butanol fractions were combined, the butanol

removed by rotary evaporation and the dried extracts taken 

up in ethanol (Analar grade). The ethanol fraction was 

evaporated and the process repeated until the extract was 

free of any smell of butanol. The dried extract was

finally taken up in holding buffer at a concentration of 

lOX and stored at -18°C until required to be assayed. The 

pH of the remaining aqueous phase (after butanol 

extraction) was adjusted to 7.5, freeze dried and the 

dried samples dissolved in holding buffer to give a lOX 

solution. The extracted samples and the concentrated 

aqueous phase were assayed for cell killing activity using 

isolated cells of cassava leaves.
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3.2.6. 2 Ethyl Acetate Extraction
Culture filtrates (14 day old; 100ml) from citrus 

pectin medium (section 3.2.2) were treated with 1.5 

volumes of chilled acetone and centrifuged immediately at 

21,000g for 15 min (see Fig. 3.2 for flow chart of 

fractionation process). The precipitates were dissolved in 

holding buffer to give a 20X solution relative to the 

original culture filtrate and stored at -18°C until 

required. Acetone present in the resulting supernatant was 

removed by rotary evaporation, and the aqueous phase 

collected. The acidity of the aqueous phase was adjusted 

to 3 with sulphuric acid in order to suppress the 

ionization of any acidic or phenolic compounds and 

extracted three times with one third volume of ethyl 

acetate (Analar grade). The ethyl acetate fractions were 

combined, dried over anhydrous sodium sulphate, filtered 

through Whatman No 1 filter paper and film dried. Film 

dried samples from each 1 0 0  ml culture filtrate were 

dissolved in 5 ml of holding buffer and stored at -18°C 

until assayed. The aqueous phase remaining after ethyl 

acetate extraction was freeze dried, and the dried sample 

also taken up in 5 ml holding buffer before assay. 

Controls were set up in which 50/xl of ethyl acetate was 

dispensed into further wells and evaporated at 50°C on a 

heating block before incubating 50/il cell suspension only 

in each well.
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FIG. 3.2

Fractionation o f Culture Filtrates ofColle lo lr ic/n iin gloeosporioides
Grown on Citrus Pectin Medium

Culture Filtrate

Acetone Rrecipltate #cetone Supernatant

Ethyl Acetate Fraction Aqueous Fraction
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3.2.7 Thin Layer Chromatography (TLC) of Ethyl 
Acetate Extracts
Culture filtrates (14 day old) produced by 

inoculation of citrus pectin medium with conidia of the 

pathogen were treated with acetone followed by extraction 

with ethyl acetate using the procedure described above

(section 3.2.6 .2) . The ethyl acetate extract from 100 ml 

culture filtrate was concentrated in 2 ml ethyl acetate, 

and 20 fil of the concentrated extract loaded on to TLC 

plates with silica gel coating (F2 5 4, Merck, Germany) and 

run in a solvent system consisting of cyclohexane: ethyl

acetate: methanol (5:4:1, v:v:v). Six different samples of 

culture filtrates were extracted and analysed by thin 

layer chromatography. TLC plates were dried and viewed 

under long (365 nm) and short wave (254 nm) UV light as

well as white light. The relative mobilities (Rf values) 

of the separated spots were recorded and each spot assayed 

for cell killing activity.

To test for cell killing activity, each of the spots 

from 5 X 20 /xl samples defined under long and short UV

light was scraped from the plates and placed in an

Eppendorf tube (2 ml). Methanol (1 ml) (Analar grade) was 

added to each tube and spun on a Microfuge (MSE) at 10,000 

g for 10 min. The methanol extraction was repeated twice 

and the clear supernatants for each spot pooled together. 

Areas of the TLC plates free from the loaded samples and 

corresponding to the position of each separated spot (and 

approximately equal in area to the 5 spots) were eluted
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similarly to serve as controls. The methanol used to 

dissolve each sample was evaporated away on a heating 

block at 50°C and the dried extracts dissolved in 100 /xl 

cell suspension buffer before testing for activity. 

Activity in each sample was assessed by incubating 50 /xl 

of cell suspension with 50 ^1 of each preparation.

3.2.8 Flash Chromatography
Culture filtrates (1 litre, 14 day old) of the 

pathogen, produced by inoculating liquid citrus pectin 

medium (appendix 1 1 ) with conidia were harvested (section 

3.2.2) and treated with chilled acetone (section 3.2.6 .2) . 

After precipitation, the remaining aqueous supernatant was 

extracted with ethyl acetate as described in section 

3.2.6 .2. The residue was dissolved in ethyl acetate (3.5 

ml) and loaded on to a 40 g (4.0 x 7.0 cm) cartridge 

(Biotage Inc., USA) . The sample was eluted successively 

with three solvent mixtures. The first consisted of 

cyclohexane: ethyl acetate: methanol (80:2:0.1) and twenty 

fractions ( 2 0  ml/fraction) of the eluate were collected. 

Another twenty fractions (20 ml/fraction) were collected 

by elution with a solvent system made of cyclohexane: 

ethyl acetate: methanol (20:4:1). This solvent system was 

used to enhance the elution of the more polar compounds 

that remained in the column after elution with the first 

solvent mixture. The column was finally eluted with 

methanol alone and 1 0  fractions ( 2 0  ml/fraction) were 

collectd. Each fraction collected was film dried, the
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residue dissolved in 1 ml methanol and the separated 

samples stored at -18°C until required. The separation 

process was repeated with a second batch of culture 

filtrate ( 1 litre).

3.2.9 TLC of the Flash Chromatography Products
The purity of the separated compounds was assessed by 

TLC. Samples (20 /xl) of each of the concentrated fractions 

were spotted on TLC plates containing a fluorescent dye 

(F2 5 4, Merck, Germany) and run in a solvent system which 

consisted of cyclohexane: ethyl acetate: methanol (5:4:1) . 

TLC plates were removed from the solvent tank after the 

solvent front had travelled 1 2  cm, dried and viewed under 

long and short wave UV light.

3.2.10 Assay of Flash Chromatography Products
Each of the concentrated fractions was dispensed in 

duplicates into wells of a microtitre plate (50 /xl/well) 

as well as 50 /xl of methanol in further wells to serve as 

controls. The methanol was evaporated at 50°C on a heating 

block and holding buffer (50 /xl) added. Cell suspension 

was added and the plate incubated for 3 h at 25°C as 

usual.

3.2.11 UV Spectra Analysis of Toxic Compounds
UV spectra of three of the compounds which appeared 

pure on TLC and were active were recorded in the 

wavelength range of 200 to 400 nm.
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3.2.12 Mass Spectrum Analysis
The three separated toxins were further analysed by 

electron impact mass spectrometry at the Mass Spectrum 

Analysis Unit of the School of Pharmacy (University of 

London). Presumptive molecular ions were measured 

accurately.
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3.3. RESULTS
3.3.1 Determination of Phytotoxicity

Toxicity was determined by the ability of the 

incubated fractions (culture filtrate or its fractionation 

products) to kill cells. The basis of the assay involves 

the enzymatic cleavage of the fluorescein diacetate in 

living cells to release free fluorescein to which their 

plasmamembranes are not permeable. As a result, live cells 

fluoresce yellow-green when excited by light at 490 nm and 

dead cells appear dark because of their inability to 

accumulate or retain fluorescein diacetate or fluorescein 

owing to their damaged membranes (Fig. 3.3) (Chen and 

Strange, 1994) . In the cell killing assays only cell 

preparations with a viability of 80% or greater were used 

to test for toxicity.

Toxicity of culture filtrates produced on Czapek Dox- 

cassava extract liquid medium peaked at 14 days with an 

activity of 89 units per ml and declined to 65 units/ml on 

the 18th day (Fig 3.4). Activity was detected as early as 

the second day (7 units per ml) . Dry weight measurements 

of mycelium showed that no direct relationship existed 

between toxin and mycelium production as mycelium dry 

weight continued to rise from 0.089 g on the 2nd day to 

0.40 g on the 18th day (Fig. 3.5) . The pH of the culture 

filtrates increased to 7.8 on the 11th day and then 

declined (appendix 18). Culture filtrates produced on 

cassava broth alone were darkly pigmented and had no toxic 

effect on isolated cells. Dry weight of mycelium produced
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on this mediuiT increased from 0.076 g on the second day to 

0.324 g on the 18th day. Toxicity of culture filtrates (14 

day old, IX concentration) produced on liquid citrus 

pectin medium was 2 0  units/ml.

Culture filtrates (14 day old) produced on Czapek Dox 

cassava extract medium were also found to be active in 

killing isolated cells from cabbage and cauliflower leaves 

but cassava cells were the most sensitive (Table 3.1) .
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'' >/v;
Fig.3.3
Isolated cells from leaves of cassava incubated with lOX 
solution of culture filtrate of C. gloeosporioides and 
stained with fluorescein diacetate. Live cells fluoresce 
under UV light because of their ability to retain free 
fluorescein. Dead cells appear dark under UV illumination.
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Fig. 3.4
Days

Determination of toxicity of filtrates from C. 
gloeosporioides cultures (IX concentration: 3 replicates)
incubated for various times to cells isolated from leaves 
of cassava. Culture filtrates were produced on Czapek Dox- 
cassava extract medium. Error bars represent standard 
deviations.
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Fig. 3.5

Dry weight of mycelium of C. gloeosporioides produced 
on Czapek Dox-cassava extract medium.
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3.3.2 Assessment of Molecular Size and Heat Stability 
Properties of Toxic Factors in Culture 
Filtrates

When concentrated culture filtrates produced on 

Czapek Dox-cassava extract medium were dialysed against 

water at 4°C, neither diffusâtes nor dialysates killed 

cells isolated from cassava leaves. This ressult suggested 

that an enzyme(s) that may require buffering against pH 

change may be involved in the cell killing activity. 

However, when samples of the culture filtrates were 

dialysed against cell holding buffer (section 3.2.3.1) at 

4°C, 48.69 ± 4.66 % of the activity (from 3 replicates) in 

the original culture filtrate was recovered in the 

dialysate. The freeze dried diffusâtes could not be 

assayed because of the high concentration of sucrose and 

salts in the buffer. It is possible that the remaining 

activity was retained in the diffusate suggesting that at 

least two factors are involved in cell killing.

When toxic factors produced in culture filtrates were 

assessed for heat stability, only 18.36 ± 3.24 % of the 

activity (from 3 replicates) in the original culture 

filtrates was recovered from the boiled samples. This 

result suggests the cell killing activity of the culture 

filtrate may be partly due to an heat labile compound such 

as a protein.
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Plants Replicates 

Activity (units/ml)

Mean STD

1 2 3

Cassava 51 .20 46 .80 39.35 45 . 78 4.89

Cabbage 64 . 00 32.00 38.33 44 . 77 13 . 83

Cauliflower 32.00 17 . 10 21.50 23 . 53 6 .25

Table 3.1.
Toxicity of culture filtrates of C. gloeosporioides 

(IX concentration) on cells isolated from leaves of cassava, 
cabbage and cauliflower. STD= standard deviation
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3.3.3 Extraction of Toxic Factors
The butanol extracts of culture filtrates (from 

citrus pectin medium) were not toxic. Extraction of toxic 

metabolites from culture filtrates using chloroform 

adopted from Paterson and Bridge (1994) was also not 

successful. However, when culture filtrates (100 ml) were 

treated with acetone, activities of 1893 and 1746 units 

were detected in the acetone precipitate and supernatant 

respectively (Table 3.2) . These two activities together 

exceed the activity in the original culture filtrate (2042 

units/lOOml) by 78%. An activity of 591 units 

corresponding to 29% of the activity in the original 

culture filtrate was recovered from the ethyl acetate 

extract of the acetone supernatant obtained after removal 

of the acetone. The activity of 222 units recovered in the 

aqueous supernatant (after ethyl acetate extraction) 

corresponds to 1 1 % of the activity in the original culture 

filtrate.
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Treatment Replicates 
Activity (units/ 100 ml)

Mean STD

1 2 3
Culture
filtrate

2185 2228 1714 2042 232.8

Acetone
Precipitate

1545 1194 2940 1893 754 . 0

Supernatant 1442 2072 1724 1746 257 . 6
Ethyl Acetate 
Fraction

502 905 367 591 228 . 5

Aqueous
Fraction

197 348 123 2 2 2 93.6

Table 3.2
Activity of culture filtrates and their fractionation 
products (per 100 ml culture filtrates). Culture filtrates 
were produced on citrus pectin medium. STD = standard 
deviation.

3.3.4 Thin layer Chromatography of Ethyl Acetate 
Extracts and Cell Killing Activities of 
Separated Spots

Seven spots with Rf values of 0.33,0.38, 0.44, 0.58,

0.71, 0.92, and 0.96 were separated by thin layer

chromatography (Figs. 3.6) . In the subsequent assay the 

spot (Rf= 0.71) was found to be the most active with 100% 

cell killing activity. The least activity of 5% was 

recorded for the spot with an Rf value of 0.38 (Fig. 3.7) .

119



3.3.5 TLC and Bioassay of Flash Chromatography 
Products

Three of the compounds from the concentrated 

fractions obtained from flash chromatography were found to 

be active in cell killing. These three compounds and no 

others appeared on TLC with Rf values of 0.61, 0.71 and

0.77 when run in a solvent system consisting of 

cyclohexane: ethyl acetate: methanol (5:4:1, v:v:v). Each 

of the three compounds fluoresced under long wave UV 

light. TLC of three fractions containing one of the pure 

compounds (Rf= 0.61) is shown in Figure 3.8. Cell killing 

activities of the three compounds dissolved in cell 

suspension buffer (section 3.2.3) to produce a solution of 

SOX strength relative to the original culture filtrate 

were 100, 83.42 and 89.92% respectively.

3.3.6 UV Spectra Analysis
UV spectra analysis of the three compounds which 

appeared pure on TLC and were active in cell killing 

suggested that they were possibly similar with a single 

peak at 205 nm (Fig. 3.9).

3.3.7 Mass Spectrum Analysis of The Phytotoxic 
Compounds

The mass spectra of the three phytotoxic compounds 

with Rf values of 0.61, 0.71 and 0.77 are shown in figures

3.10, 3.11 and 3.12, respectively. Comparison of the three 

spectra reveals that the compounds share several ions in
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common. Those of m/z 31, 43, 57, 73, and 97 are shared by

the two compounds with values 0.61 and 0.71.

Significantly, these two compounds had the same accurate 

mass of 354.9794 determined from their mass spectra. The 

third compound with Rf value of 0.77 shared ions with m/z 

of 43, 73 and 97 with the other two compounds and had an

accurate mass of 355.9872 suggesting an additional 

hydrogen atom.
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Fig 3.6
TLC of ethyl acetate extract of culture filtrate (produced 
on citrus pectin medium). Spots were separated by running 
20fjLl fractions in a solvent system which consisted of 
cyclohexane: ethyl acetate: methanol (5:4:1) and examined 
under long wave UV illumination.
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FIG. 3.7
Activity of TLC Spots.
Activity (% cell death) determined from 100 fxl of 
concentrated ethyl acetate extract. Culture filtrates 
used in extraction were produced on citrus pectin medium. 
The Rf values (from TLC) of the spots in a solvent system 
of cyclohexane: ethyl acetate: methanol (5:4:1) were as
follows : 1= 0.33; 2= 0.38; 3= 0.44; 4= 0.58; 5= 0.71;
6= 0.92; 7= 0.96.
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1 2 3

Fig. 3.8
TLC of purified toxin. Purified toxin with 
value of 0.61 separated by Flash Chromatography, 
run in a solvent system consisting of cyclohexane: 
ethyl acetate: methanol 5:4:1) and viewed under 
long wave length UV. Lanes 1, 2 and 3 correspond 
to fractions 3, 4 and 5 from flash chromatography 
(see methods).
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Fig. 3.9
UV spectrum of toxin A (with R, value of 0.61 
in a solvent system of cyclohexane: ethyl acetate 
methanol; 5:4:1; v:v:v).
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Fig. 5.10
Electron impact spectrum of toxin A (with value of 
0.61 in a solvent system of cyclohexane: ethyl
acetate: methanol ; 5:4:1; v:v:v).
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Fig. 3.11
Electron impact spectrum of toxin B (with value of 
0.71 in a solvent system of cylohexane: ethyl
acetate: methanol; 5:4:1; v:v:).
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Fig. 3.12
Electron impact spectrum of toxin C (with Rg value 
of 0.77 in a solvent system of cyclohexane; ethyl 
acetate: methanol; 5:4:1; v:v:v).
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3.4 Discussion
The production of water-soaked lesions in plant 

disease has often been attributed to membrane damage 

resulting from the activity of toxins produced by 

pathogens (Strange et al., 1982) . The C. gloeosporioid.es 
isolate shown to be the causal organism of STDB produced 

water-soaked lesions on its host. Toxin production was 

detected very early in culture filtrates suggesting that 

the toxins could be involved in the initial stages of the 

infection process (Chen and Strange, 1994) . Hohl et al. 
(1991) detected the toxins solanapyrones B and C in the 

germination fluids of fungal spores of Ascochyta rabei and 

suggested that these toxins are required in the early 

phase of disease development in chickpea. Mycelium 

production of C. gloeosporioides continued to increase 

when toxin production declined after the 14th day of 

incubation showing that production of biomass of the 

fungus was not tightly linked to toxin production.

Culture filtrates produced from cassava broth were 

inactive but those produced on Czapek Dox-cassava extract 

medium yielded activities that peaked after 14 days 

incubation (Fig. 3.4) . Growth on the two media were, 

however, comparable (section 3.3). The implication of this 

result is that toxin production on cassava extract 

requires some constituent(s) of Czapek Dox medium. Chen 

and Strange (1994) reported that A. rabei grown in Czapek 

Dox liquid medium alone did not produce the solanapyrone 

toxins but the addition of chickpea seed extract or cation
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supplements allowed their production. In the preliminary 

investigations of toxin production, the results showed 

that higher amounts of the toxic metabolites were produced 

in Czapek Dox-cassava extract medium (89 units/ml from 14 

day old culture filtrates) compared to the activity ( 2 0  

units/ml) detected in culture filtrates produced from 

citrus pectin medium. However, the citrus pectin medium 

was selected for further investigations primarily because 

of the difficulty encountered in obtaining cassava tubers 

for medium preparation. Having detected that the cassava 

pathogen expressed pectic enzyme activity from the 

biochemical tests (sections 2.2.3.7 and 2.3.3), the citrus 

pectin medium was considered a suitable alternative for 

investigations because it allowed both toxin and pectate 

lyase activities to be investigated simultaneously. The 

non-specific nature of toxic metabolites produced by the 

pathogen was revealed when culture filtrates were found to 

be active in killing isolated cells from cabbage and 

cauliflower leaves. This suggests that toxins produced by 

the cassava pathogen could be virulence rather than 

pathogenicity factors (Ohra et al., 1995).

In the investigations with culture filtrates 

(produced on citrus pectin medium) and its fractionation 

products the sum of the activities detected in 

precipitates (1893 units/100 ml culture filtrate) and 

supernatants (1746 units) exceeds the activity in the 

original culture filtrate (2042 units) by 78%. This result 

suggests the production of an inhibitor in the culture
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filtrates. This inhibitor could be inactivating toxic 

factors in the supernatant or the precipitate or both.

UV spectra of the three phytctcxic compounds obtained 

in ethyl acetate extracts were essentially the same with a 

single peak at 205 nm. The mass spectra of these toxins 

isolated by flash chromatography revealed that they shared 

several ions (section 3.3.7) . In addition, the accurate 

masses of the three compounds determined from their mass 

spectra are 354.9794, 354.9794 and 355.9872 (± 0.0018)

respectively. These results suggest strongly that the 

three toxins are closely related compounds and are most 

likely to be isomers. Other toxins from plant pathogenic 

fungi such as the aspergillo-marasmins produced by 

organisms including C. gloeosporioides are obtained as 

mixtures of isomers (Ballio, 1981). These are low 

molecular weight toxins (Bailey et al., 1992)

The isolation of toxins produced by the cassava 

pathogen confirms reports by other workers that some 

members of the genus Colle totrichum produce phytotoxins 

(Bailey et al., 1992; Gohbara et al., 1978). 

Colletotrichins, colletopyrone and aspergillo-marasmins 

(toxins) produced by C. capsici, C. nicotinae, and C. 

gloeosporioides respectively have been shown to be active 

against seedlings of host plants (Gohbara et al., 1978) In 

a recent study, Barjau et al., (1995) isolated and 

partially purified phytotoxic glycopeptides from culture 

filtrates of C. gloeosporioides isolates causing 

anthracnose of Hevea. These workers used techniques
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similar to those employed in this investigation. In their 

investigation, culture filtrates were treated with chilled 

acetone and the toxins isolated from the resulting 

precipitate. However, in this investigation toxins were 

isolated from the supernatant that was discarded by Barjau 

et al., (1995). The toxin which was largely carbohydrate 

with a small protein fraction had a molecular weight of 

50333 kD (Barjau et al., 1995). Ohra et al., (1995) 

isolated a siderophore from C. gloeosporiod.es infecting 

blackberry and showed that the metabolite (identified as 

ferricrocin) was toxic also to cowpea plants. The 

molecular mass of this toxin was, however, not reported 

but the structure presented indicates a large molecule 

with the amino acids glycine, ornithine and serine forming 

part of it. The toxins isolated from culture filtrates of 

the cassava pathogen in this work are, therefore, 

different from those reported by Barjau et al., (1995) and 

Ohra et al., (1995) . Nyange et al. (1995) reported that 

partially purified culture filtrates of C. kahawae were 

toxic to different varieties of coffee plants. However, 

toxins produced by C. gloeosporioides infecting cassava 

have not been reported. Further work is required to define 

the structures of the toxins produced by the cassava 

pathogen. This will allow a more effective comparison of 

these toxins with the well established toxins produced by 

Col le totrichum species to be made.

Further work to establish whether the toxins produced 

by the cassava pathogen are involved in the pathogenesis
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of the disease will be carried cut. Efforts will be 

concentrated on the possible isolation of the toxins from 

infected tissues of the host plant.

In diseases in which infection is facilitated by 

toxins these metabolites have been used successfuly in 

some cases to screen for resistance (Daub, 1986, Samaddar 

and Scheffer, 1968/ Upchurch et al., 1991; Yoder, 1981; 

Yoder, 1982). Various techniques have been described using 

different plant materials. Using non-selective toxins 

produced by Alternaria solani Matern et al. (1978) were 

able to select toxin-sensitive and toxin-insentive clones 

of Russet Burbank potatoes regenerated from single 

protoplasts. In this study, reaction to the toxins was 

correlated with resistance or susceptibility. Lynch et al 
(1991) used toxic metabolites produced by A. solani to 

screen for resistance to early blight in potato. They 

worked with detached leaflets and found a highly 

significant correlation between leaflet responses and the 

resistance or susceptibility of the genotype. Culture 

filtrates of A. solani have been used to screen for 

resistance to early blight of foliage in tomato (Maiero et 
al. 1991) . Hartmann et al. (1984) generated cultivars of 

alfalfa resistant to infection by Fusarium oxysporum f.sp. 

medicaginis by screening with culture filtrates of the 

fungus. Also, Nadel and Spiegel-Roy (1988) were able to 

select resistant varieties of lemon to the toxin mal secco 

produced by the fugus, Phoma tracheiphila using cell 

culture. In the search for resistance using toxins,
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opinions, however, differ as to whether cell cultures 

should be exposed to unfractionated culture filtrates or 

pure toxins should be used. The argument for crude culture 

filtrates is that these are more likely to contain the 

full complement of phytotoxic components whereas fractions 

of culture filtrates or pure toxins may lack some 

important virulence factor. This problem can be eliminated 

by using both culture filtrates and pure toxins in 

screening for resistance if the pure toxin can be 

obtained. Calli, whole plant organs and leaf discs have 

been used in conjunction with toxins to screen for 

resistance (Witsenboer et al. 1988) . In a number of cases 

plants identified as resistant by in vitro screening using 

toxins have failed to resist the disease in the field. The 

reason being that the whole plant differs from the 

reaction of the plant tissues in vitro. It is important 

that plants regenerated after exposure to toxins are 

screened further to confirm whether the resistance 

determined is heritable. Of particular importance to this 

work is a recent report that resistant genotypes to coffee 

berry disease were regenerated from calli of susceptible 

varieties after exposure to partially purified phytotoxic 

culture filtrates produced by Colie totrichum kahawae 
(Nyange et al., 1995). A possibility therefore exists that 

culture filtrates and purified toxins produced by the 

cassava pathogen can be used in screening different clones 

for resistance. Further work on the purification of the 

toxins will be carried out after which the pure toxins and
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culture filtrates will be used in screening for resistance 

to STDB using some of the above methods. Cassava plants 

can be regenerated from meristematic tissues (Lozano, 

1989) and these tissues may be a good source of material 

for screening. If successful this will be an acceptable 

control of the disease considering the adverse effects of 

fungicides on the environment as an alternative .
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CHAPTER 4
INVESTIGATION OF CULTURE FILTRATES FOR 
MACERATING AND PECTATE LYASE ACTIVITIES

4.1 INTRODUCTION
Plant pathogens produce an array of enzymes capable of 

attacking plant cell components. Enzymes that attack the 

pectic fraction of the plant cell wall have been 

established as having convincing roles in pathogenesis 

(Collmer and Keen, 1986). The significance of pectic 

enzymes in diseases caused by phytopathogenic fungi and 

bacteria can be best appreciated if the nature of plant 

cell walls is known.

4.1.1 Plant Cell Wall
The structure and function of plant cell walls are 

complex. They give plants shape and support, act as 

barriers to microbial invasion, and help to regulate 

physiological processes, including defence responses 

(Albersheim and Darvill, 1985; Ho et al., 1995) . Aerial 

parts of plants (in general) are covered with a waxy layer, 

the cuticle, which is composed of cutin. Cutin essentially 

consists of hydroxylated and epoxylated fatty acids (with 

16 or 18 carbon atoms) which are linked to one another 

through ester bonds (Kolattukudy, 1980). In most higher

plants cutin is the outermost barrier of resistance that an 

invading pathogen must overcome and this is achieved 

through the production of the enzyme cutinase. Underground
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parts of plants are generally covered by suberin 

(Kolattukudy, 1980). Suberin is more complex than cutin and 

consists of alcohols and monobasic acids with 18 to 30 

carbon atoms and phenolic compounds related to those found 

in lignin. In most cases suberin when produced offers 

considerable resistance to invading pathogens (Kolattukudy, 

1980 ; Kolattukudy, 1985) . The actual cell wall which 

underlies cutin or suberin generally consists of an outer 

primary wall and an inner secondary wall which is formed 

when the cell undergoes differentiation. Both walls are 

composed of microfibrils made of cellulose and il-1, 4 - linked 

glucan embedded in an amorphous phase (Strange 1993). The 

microfibrils contain 5 to 10 % by dry weight of a

glycoprotein termed extensin (Cooper and Varner, 1984) . 

Another component of the cell wall is lignin which 

constitues 35 % of woody tissues. Lignin is a polymer of 

coumaryl, coniferyl and sinapyl alcohols and an essential 

structural component of cell walls (Asada et al., 1979; 

Jarvis, 1982) . A limited number of fungi including the 

Basidiomycetes are known to be capable of degrading lignin 

(Paterson and Bridge, 1994) . The middle lamella which lies 

between cells and has the function of cementing adjacent 

cells together is composed largely of pectic substances. 

Essentially, the middle lamella is composed of pectic 

polysaccharides made of long chains of a-1,4-linked D- 

galacturonic acid interspersed with 1 ,2 -linked rhamnose 

forming a rhamnogalacturonan which binds inner and outer 

walls together (McNeil et al., 1984; Talmadge et al.,
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1973). It is estimated that plant cells consists of 20 to 

35 % of pectic polymers (Jarvis, 1982). Some pectic enzymes 

including pectate lyase are capable of splitting the qi-1,4 

glycosidic bond between galacturonic acid residues of 

pectic polymers of the cell wall complex by trans

elimination (Fig. 4.1) . This in most cases weakens the 

resistance of the cell wall to attacks by pathogens. 

Successful invasion of plant tissues by pathogenic 

organisms in most cases also depends on breaching the outer 

barriers described above (Dickman and Patil, 1986) .

4.1.2 Interactions of Colletotrichum species with Hosts
The major sources of inoculum in the genus 

Colletotrichum are conidia produced in acervuli and 

ascospores produced in and released from perithecia (Bailey 

et al., 1992). Dissemination of the spores occurs mostly in 

droplets of water whilst dry spores can be distributed by 

wind (Nicholson and Moraes, 1980). The first essential 

feature of successful pathogenesis is the attachment of 

dispersed spores to the host plant surface. Adhesion of 

conidia or ascospores to the host plant is followed by 

germination and differentiation to form appressoria 

(Barbery, 1981). Appressoria produced by Colletotrichum 
species have been reported to be essential for infection 

(Bailey et al., 1992 ; Hwang et al., 1995) . Adhesion of 

appressoria ensures that the pathogen remains in contact 

with the host for the time necessary for penetration either 

by enzyme or mechanical action to occur (Bailey et al.,
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1992)

Several modes of penetration into hosts through 

stomata, wounds and by direct penetration through the 

cuticuiar barrier have been described for a number of 

Colletotrichum species (Bailey et al., 1992). 

Alternatively, penetration requires enzymes to dissolve or 

soften the host cuticle. Several species of Colletotrichum 
produce esterases capable of degrading cutin which are 

likely to facilitate penetration. Strains of C. 

gloeosporioides and C. capsici are reported to produce 

cutinase when grown in culture (Dickman et al., 1982) . The 

enzyme may be secreted during infection. Examination of 

lesions caused by Colletotrichum species by light and 

electron microscopy reveal extensive degradation of the 

host cell walls with hyphae present inside cells, within 

cell walls and in intracellular spaces (Bailey et al., 
1992) . Many Colletotrichum species exhibit a two-phase 

infection process involving an initial symptomless phase 

followed by a visible destructive phase. It is on this 

basis that many Colletotrichum species have been considered 

as hemibiotrophic (Luttrell, 1974) . For other 

Colletotrichum species penetration through the cuticle is 

followed by growth beneath the cuticle (without entry into 

cells) accompanied by extensive dissolution of the pectic 

matrix of the epidermal cell walls. These fungi referred to 

as subcuticular intramural pathogens grow within the cell 

walls during the early stage of infection without entering 

the cell lumen (Bailey et al., 1992) . Extensive dissolution
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of the pectic matrix signifies the effective production of 

pectic enzymes. It is important to note, however, that some 

Colletotrichum species including C. gloeosporioides may 

employ both strategies described above during pathogenesis 

(Irwin et al., 1984).

Successful colonization by Colletotrichum whether by 

intracellular or intramural infections is followed by the 

necrotrophic phase. The necrotrophic phase is responsible 

for the anthracnose and blight symptoms characteristic of 

diseases caused by species of Colletotrichum. This stage is 

characterized by extensive growth throughout host tissues 

(Bailey et al., 1992).

When Colletotrichum species are grown in culture in 

the presence of cell walls the first enzymes to be produced 

are those that degrade pectin poymers, i.e. 

polygalacturonase (PG) followed by pectin lyase. At later 

stages of infection, enzymes such as alpha and beta 

galactopyronosidase and alpha arabinosidase, which degrade 

neutral araban and galactan polymers are produced. The 

first group of enzymes produced are believed to have roles 

in establishing the infection process whilst the second 

group are more likely to be concerned with pathogen 

nutrition (English et al., 1971; Anderson, 1978; 

Wijesundera et al.,1989). Several species of Colletotrichum 
produce different forms of polygalacturonases. C. 

gloeosporioides for example, produces different forms of 

the enzymes including ones with acidic, neutral and basic 

isoelectric points (Prusky et al., 1989) . C. lindemuthianum
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isolated from cowpeas have been shown to produce only one 

form of the enzyme with a very basic iso-electric point 

(Keon et al., 1990) . Endo pectin lyases (PLs) have not been 

reported from many Colletotrichum species but are known to 

be produced by C.lindemuthianum (Wijesundera et al., 1989). 

Two isoforms of PLs with molecular weights 23 and 28 kD 

have been isolated from cultures of C. lindemuthianum grown 

on sodium polypectate or bean cell walls (Bailey et al., 
1992). These enzymes are highly toxic to plant tissues and 

macerate plant cell walls effectively (Keon et al., 1987) . 

Prusky et al. (1994) demonstrated that disruption of the 

gene encoding for pectate lyase in C. magna, for example, 

resulted in mutants that were incapable of causing the 

disease in the host plant. This emphasizes that pectic 

enzymes produced by species of Colletotrichum may have 

roles in the establishment of disease.

4.1.3 Pectic Enzymes in other Plant Diseases
Pathogens that produce extracellular enzymes that 

degrade pectic polymers expose other cell wall constituents 

to enzyme attack (Bauer et al., 1973; English et al., 1972; 

Keegstra et al., 1973).

Pectic enzymes have been reported to be responsible 

for a number of symptoms observed in some plant diseases 

(Keen et al., 1984; Wattad et al., 1994) . They may cause 

cell death, macerate plant tissue (Collmer and Keen, 1986; 

Keen et al., 19 84 ; Keen and Tamaki, 1986; Liao, 1989; 

Boeder and Collmer, 1985) and can elicit resistance
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reactions (Davis et al, . 1984 ; Lee and West, 1981) .

Polygalacturonase (PG) produced by Rhizopus stolon!fer, for 

example, elicits casbene-synthetase activity in castor been 

seedlings and Erwinia carotovora pectate lyase (PL) elicits 

accumulation of pterocarpan phytoalexin in soybean 

cotyledons (Collmer and Keen, 1986) , The role of pectic 

enzymes in bringing about the dissolution of the pectic 

matrix of plant tissues in diseases caused by soft rot 

bacteria has been studied extensively (Barras et al., 1994; 

Chatterjee et al., 1995; Heffron et al., 1995; Kotoujansky, 

1987) . Vegetable spoilage caused by these organisms has 

been attributed to the massive production of these enzymes 

that effect the maceration of the infected tissues. Erwinia 
spp. (Quantick, et al., 1983 ; Willis et al., 1987), 

Pseudomonas fluorescens (Liao, 1989; Zucker, 1970), 

Xanthomonas campes tris (Liao, 1989) and Cytophaga j ohnsonae 
(Kurowski and Dunleavy, 1976) for example, have been 

reported to produce pectate lyase that macerates plant 

tissues.

Pectic enzymes produced by fungal pathogens have also 

been implicated in a number of plant diseases. Zamski and 

Peretz (1996) reported that polygalacturonase, pectin 

lyase, pectate lyase and pectin methylesterase produced by 

the fungus Pythium violae degraded pectic substances in 

cell walls during infection of carrot roots in cavity spot 

disease. Guo et al. (1995) demonstrated that the expression 

of pectate lyase genes pelA and pelB is required by 

Fusarium solani f.sp. pisi for successful infection of pea
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seedlings. Pectin lyase has been reported to be an 

important enzyme responsible for post harvest spoilage of 

citrus products in diseases caused by several species of 

Pénicillium (Alana et al., 1990) .

Though several reports available implicate pectic 

enzymes in plant diseases, establishing the role of pectic 

enzymes in pathogenesis is, however, complicated by several 

factors. Pectic enzymes are produced by many microorganisms 

some of which are known not to be pathogens (Collmer and 

Keen, 1986) . The production of these enzymes by some 

pathogens may be more important to the saprophytic or 

commensal stages of their life cycles. Furthermore, pectic 

enzymes may operate as one component of a complex of 

disease factors during pathogenesis though in some 

instances they may be the dominant factor. Evidence that 

pectate lyase is required for disease establishment comes 

from work on C. magna (Wattad et al., 1995). C. magna is a 

causal agent of cucurbit anthracnose and can cause decay on 

avocado fruit (Prusky et al., 1994) . A mutant of C. magna 
obtained by UV mutagenesis developed endophytically in 

cucurbit plants but was not pathogenic (Freeman and 

Rodriguez, 1992, 1993). Furthermore, this mutant could not 

colonize avocado tissue and lacked the ability to macerate 

avocado tissue (Prusky et al., 1994). Transformation 

experiments carried out by Keen and Tamaki (1986) provide 

evidence that suggests the role of pectate lyase as a 

virulence factor in certain plant diseases. By transforming 

Escherichia coli with Erwinia chrysanthemi E16 they were
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able to show that the transformants could secrete pectate 

lyase and were able to macerate tissues. This report 

indicates that the acquisition of a single gene can convert 

an enterobacterium, E. coli, not normally associated with 

plants into a virulent pathogen.

Besides having an apparently significant but 

still incompletely understood role in the development of 

plant diseases and the biodégradation of plant materials, 

pectic enzymes have several commercial uses (Alana et al., 
1990; Chesson, 1980; Ried and Collmer, 1985) . These include 

depectinization of fruits to obtain higher yields of juice, 

the removal of mucilagenous coatings in coffee bean 

preparation, curing of cocoa, tea and tobacco and in the 

retting of flax, hemp and jute (Paterson and Bridge, 1994) .

4.1.4 Aim
The results of experiments carried out in chapter 2 in 

which the cassava pathogen was grown on citrus pectin 

medium indicated that the pathogen produced pectic 

enzyme(s). In chapter 4, acetone precipitates of culture 

filtrates of the pathogen were active in killing cells 

obtained from cassava leaves suggesting the possible 

production of an enzyme(s) that is toxic to plant cells. 

Pectic enzymes produced by several pathogens have been 

reported to cause cell death and macerate host tissues 

(Bailey et al., 1992; Collmer and Keen, 1986). However, as 

stated above, there is a paucity of direct evidence in 

support of the role of specific pectic enzymes in
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pathogenesis. However, transformation of E. coli with a

pectate lyase gene allowed the transformant to macerate 

potato tuber tissue and was a dramatic indication of the 

potential importance of this enzyme (Collmer and Keen, 

1986) . Furthermore, disruption of the gene encoding for 

pectate lyase in Colletotrichum magna resulted in mutants 

that were incapable of producing the disease in its host 

(Wattad et al., 1995) . In view of this evidence it was

decided to investigate the ability of the cassava isolate

of C. gloeosporioides to macerate plant tissue and to

produce pectate lyase.
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Fig. 4.1
Cleavage of an alpha 1,4-linked polygalacturonide 
chain by pectate lyase (PL).
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4.2 MATERIALS AND METHODS
4.2.1 Preparation of Culture Filtrates

Culture filtrates used in the investigation of pectate 

lyase activity were produced on citrus pectin medium (pH 

7) (appendix 11) by inoculating 100 ml aliquots of the 

medium in Roux bottles (1 litre) with conidial suspensions 

(50/il; 10® cells/ml) and incubating at 25°C. Conical flasks 

(250 ml) containing 100 ml of the medium were also 

inoculated with conidia and incubated on an orbital shaker 

(140 rpm) at 25°C. Culture filtrates were harvested after 

14 days incubation, when the pH lay between 8 .5-8.9 by 

filtration through four layers of muslin followed by 

centrifugation at 21,000g for 15 min (Wattad et al., 1994) . 

This pH range favours the production of pectate lyase 

(Wattad et al., 1994). Initial trials indicated that the 

stated pH range was achieved after 14 days incubation of 

cultures at 25°C. The filtrates were freeze dried, taken up 

in bis tris propane (BTP) buffer (pH 7,5; 50 mM) to give a 

solution of 20X strength relative to the initial culture 

filtrate and assayed for activity. The filtrate was 

concentrated to enhance the detection of enzyme activity.

4.2.2 Tissue Maceration Assay with Culture Filtrates
Cucumber fruits purchased from a supermarket were 

sliced perpendicular to their long axis into 5mm thick 

segments. Cylinders of the mesoderm tissue were removed 

from the segments with a 6 mm cork borer and immediately 

incubated in deionized water at room temperature for an
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hour. This was done to improve the turgidity of the cells. 

Five cylinders were removed, surface dried in between 

filter papers, weighed and immediately placed in universal 

bottles with 5 ml of 50mM bis tris propane buffer (BTP) (pH 

7.5 pH) containing 0. 5mM CaClz and 0.5 ml of the 

concentrated culture filtrate (section 4.2.1). They were 

incubated at 37°C for Ih with gentle shaking. For controls 

plant tissue was incubated with buffer alone. After 

incubation the bottles were vortexed on a Whirlmixer at 

maximum speed for 20 s to liberate loosened cells. The 

remains of the cylinders were collected on a single layer 

of muslin, surface dried and weighed to the nearest 

milligram. The weight loss caused by incubation with the 

buffer alone was subtracted from those achieved with the 

test solutions to obtain the actual effect of the culture 

filtrate preparation (Mussel and Morre, 1969).

Culture filtrates (produced on citrus pectin medium) 

and their fractionation products dissolved in BTP Buffer 

(pH 7.5; 50mM) (sections 4.2.5.1 and 4.2.5.2) were also

assayed for tissue maceration activity using the same 

procedure described above. In this further investigator of 

tissue maceration activity, the original culture filtrate 

was reconstituted from its fractions (by mixing equal 

volumes of acetone precipitate and aqueous supernatant 

preparations together) and assayed. The aqueous supernatant 

obtained after acetone precipitation (section 4. 2.5. 2 ) was 

also reconstituted by mixing equal volumes of the ethyl 

acetate extract preparation and the aqueous phase (obtained
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after ethyl acetate extraction) and assayed,

4.2.3 Heat Stability of Tissue Macerating Agent
Culture filtrates produced on citrus pectin medium was 

concentrated 2OX relative to the original filtrate (section

4.2.1) and assayed for tissue maceration activity (section

4.2.2) . Aliquots (2 ml) of this solution was boiled in a 

water bath for 15 min and similarly assayed for tissue 

maceration activity.

4.2.4 Assessment of Molecular Size of Tissue Maceration 
Agent

Molecular size of the tissue maceration agent(s) 

detected in culture filtrates was assessed using 2 OX 

solutions of filtrates in distilled water (section 4.2.1). 

Aliquots (2.5 ml) of the concentrated filtrate preparation 

was dialysed against distilled water (150 ml) at 4°C for 24 

h. Both diffusate and the dialysate were freeze dried and 

taken up separately in 2.5 ml DTP buffer (pH 7.5; 50 mM)

and assayed for tissue maceration activity. The original 

filtrate was reconstituted by mixing diffusate and 

dialysate together in equal amounts and similarly assayed. 

For controls plant tissue was incubated with buffer alone. 

Activities in the diffusâtes and dialysates were compared 

with that detected in the concentrated original culture 

filtrates after correction for the controls.
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4.2.5 Fractionation of Culture Filtrates and Bioassays
4.2.5.1 Acetone Precipitation of Culture Filtrates

Filtrates from cultures produced as described in 

section 4.2.1 were treated with chilled acetone to 

precipitate the high molecular weight fractions (see Fig.

3.2 for flow chart of fractionation process) . Acetone 

precipitation of the filtrates was carried out using two 

different volumes. In the first, 3 vols of acetone was 

added to culture filtrate ( 1 vol.) and immediately 

centrifuged at 21,000g on a Sorvall High Speed Centrifuge 

(RC 5B) for 15 min. In the second treatment, the ratio of 

acetone to culture filtrate was changed to 3 vols acetone: 

2 vols culture filtrate as preliminary experiments showed 

that no further precipitation took place at higher 

concentrations of acetone. The precipitates were taken up 

in BTP buffer (pH 7.5; 9.5; 50mM) and stored at -18°C until 

assayed. Acetone in the remaining supernatants was removed 

by rotary evaporation and the aqueous phase freeze dried. 

The dried samples were taken up in BTP buffer (pH 7.5; 50

mM) to form a solution of 2OX strength and stored at -18°C 

until required.

4.2. 5.2 Partitioning of Culture Filtrates against Ethyl 
Acetate

Aliquots (100 ml) of culture filtrates produced as 

described in section 4.2.1 were first treated with chilled 

acetone (3 vols acetone: 2 vols filtrate; section 4.2.5.1), 

the precipitates dissolved in BTP buffer and assayed for
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tissue maceration activity or pectate lyase activity. 

Acetone in the remaining supernatant was removed by rotary 

evaporation. Samples of the aqueous phase were freeze

dried, taken up in BTP buffer (pH 7.5 or 9.5; 50 mM) to

give a 2 OX solution relative to the initial culture 

filtrates. The pH of the remaining aqueous fraction was 

adjusted to 3 (with IM H2SO4 ) and extracted 3 times with one 

third volume of ethyl acetate. The ethyl acetate fractions 

were combined and film dried. Dried samples were either

taken up in BTP buffer (pH 7.5 or 9.5; 50 mM) to give

solutions of 20X strength relative to the original 

filtrates for the subsequent assays. The remaining aqueous 

phase (after ethyl acetate extraction) was freeze dried and 

the dried samples dissolved in BTP buffer at pH 7.5 or 9.5 

to give solutions of 2OX strength relative to the original 

filtrates.

4.2.5. 3 Spectrophotometric Detection of Pectate Lyase (PL) 
Activity

PL activity of culture filtrates and their 

fractionation products dissolved in BTP buffer (pH 9.5) 

(sections 4.2.5.1 and 4.2.5.1) were investigated by 

incubating each preparation with sodium polypectate as a 

substrate. Sodium polypectate solution (1%) (Sigma), used 

as the substrate for the enzyme assay, was prepared by 

dissolving the sodium salt in deionized water and boiling 

the solution for 5 min. The solution was freed of solids by 

centrifugation at 21,000g for 15 min on a Sorvall Highspeed
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centrifuge. The reaction was started by addition of 0.3 ml 

of the culture filtrate preparation (or its fractionation 

products) to a reaction mixture which consisted of 0.5 ml 

of 1% sodium polypectate solution and 2.2 ml of 50mM BTP 

buffer (pH 9.5, containing 0. 5mM CaClg) in a 3 ml quartz 

cuvette. The reaction was carried out at 25°C. The calcium 

chloride was added to the buffer just before the reaction 

was started. Culture filtrates and their aqueous 

supernatants were reconstituted from their fractions as 

described in section 4.2.5.3 and assayed. PL activity was 

detected as an increase in absorbance at 232 nm and 

converted to actual units of number of moles of product/min 

(Keen et al., 1984; Wattad et al., 1994) on a UV 

spectrophotometer.

4.2.6 Sodium Deodecyl Sulphate (SDS) Polyacrylamide Gel
Electrophoresis (PAGE) of Acetone Precipitates and 
Agarose Gel Overlay Assays

4.2.6.1 Preparation of SDS-PAGE Sample
Culture filtrates of the cassava pathogen were 

produced and treated with 60% acetone to obtain 

precipitates (4.2.1 and 4.2.5.2). An acetone precipitate 

from 30 ml culture filtrate was dissolved in ice-cold SDS- 

PAGE sample buffer (200 /xl) (appendix 13) and stored at - 

18°C until required.
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4.2. 6. 2 SDS-PAGE of the Acetone Precipitates
The protein concentration in the SDS-PAGE samples were 

determined using the Bradford method. Equipment and all 

accessories to be used in the electrophoresis were 

thoroughly cleaned with ethanol (100 %) . Resolving gels

were cast from a final volume of 2 0  ml which consisted of 

stock acrylamide (40 %)/ bisacrylamide (0,8 %; 4ml; Bio

Rad), gel buffer (appendix 29) (4.0 ml), Temed (25/xl; Bio

Rad), distilled water (11.83 ml) and ammonium persulphate 

(150 111) . The gel was cast immediately the ammonium

persulphate was added to the rest of the mixture. The 

stacking gel was cast from a 1 0  ml solution consisting of 

stock acrylamide (40 %)/ bisacrylamide (0.8 %) (1.25 ml),

stacking gel buffer (appendix 29) (2.0 ml), Temed (12.5

jil) , ammonium persulphate (75 /il) and distilled water (6.7 

ml) . The ammonium persulphate solution was freshly 

prepared. A Teflon comb was inserted before the stacking 

gel was cast. After polymerization the cast gels were fixed 

to the electrophoresis equipment, covered in 

electrophoresis running buffer (appendix 13) and maintained 

overnight at 4°C to improve their resolution owing to the 

absorption of the buffer into gels before they are run.

4.2.6.3 Running of the Gel
The samples to be run (dissolved in 1 x SDS-PAGE 

sample buffer) were thawed, vortexed and denatured by 

boiling on a hot water bath for 5 min. The sample buffer 

contained dithiothreitol (DTT) and bromophenol blue
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(appendix 13). Twenty microlitres of each sample mixture 

was loaded on to the gel. Protein molecular weight 

standards (BioRad) were diluted 1: 20 in SDS reducing

buffer (appendix 13) as described by the manufacturer, 

denatured (after addition of bromophenol blue) and 2 0  fil 
aliquots loaded alongside the samples obtained from the 

culture filtrates. The loaded gel was run on an initial 

voltage of 100 V until the samples entered the resolving 

gel. The voltage was then increased to 180 V and the gel 

run until the bromophenol blue indicator was about 5mm from 

the bottom of the gel,

4.2.6.4 Staining of the Gel
Separated proteins in the gel were precipitated by 

covering the gel with 5 volumes of fixing solution which 

consisted of methanol (50 %, v/v), acetic acid (10 %, v/v) 

and distilled water (40 %) for 2 h. The gel was next

stained in Coomassie blue solution (appendix 13) for 4 h 

after which the gel was washed briefly with fixing solution 

and destained overnight in a destaining solution made up of 

methanol (5 %) , acetic acid (7%) and distilled water (8 8 %) , 

The distances travelled by the separated proteins were 

measured from photographs of the gel,

4.2.6. 5 Estimation of Molecular weights
The distances travelled by the protein bands and the 

dye front were used to calculate the relative mobilities of 

the separated proteins, A standard curve was drawn from the
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data on molecular weights of the standard proteins and 

their mobilities (appendix 26) and used to estimate the 

molecular weights of the proteins in the acetone 

precipitates.

4.2.6. 6 Agarose Gel Overlay Assay
Polyacrylamide resolving gel was cast from a 20 ml 

mixture, containing BSA (20 /xg/ml) (section 4.2.6 .2) to 

effect renaturation of the electrophoresed enzyme (Reid and 

Collmer, 1985) . The gel was cast on a polyacrylamide gel 

support film (BioRaD) and the BSA used was purchased from 

Sigma. Stacking gel and wells were cast as described in 

section 4,2.6 .2. Proteins to be assessed for PL activity 

were precipitated from 30 ml samples of culture filtrates 

by treatment with chilled acetone and taken up in 2 0 0  fil of 

SDS-PAGE sample buffer containing bromophenol blue and DTT 

(sections 4.2.5.2) . The samples were denatured by boiling 

at 100°C for 5 min in 2 ml capacity microfuge tubes. Forty 

microlitres of each sample was loaded into separate wells. 

The gel was run initially at 100 volts and finally at 180 

volts when the samples entered the resolving gel. A thin 

layer (0.75 mm) agarose substrate gel was cast from a 

solution which consisted of agarose (0 . 8  %) , sodium

polygalacturonate (0.2 %) , and 1 mM CaClz in 100 ml Tris-HCl 

buffer (pH 8.5). The gel, cast on an agarose Gelbond film, 

(BioRad) was overlayed on to the polyacrylamide gel 

immediately electrophoresis was completed (Reid and 

Collmer, 1985) and the two incubated at room temperature
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for 3 0 min. The gels were separated and the agarose overlay 

covered in 1 % CTAB (Sigma) solution for 1 h (Liao, 1989) . 

PL activity was recorded as a clearing in the opaque gel.
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4.3 RESULTS
4.3.1 Tissue Maceration

Culture filtrates produced on citrus pectin medium 

(20X)(in Roux bottles) caused a weight loss after 1 h of

53.26 ± 0.32 % when incubated with cucumber mesoderm

tissue. Losses of 4.03 ± 1.84 and 15.84 ± 2.86% were

recorded when tissues were incubated with precipitates

obtained from treating culture filtrates with 25 and 60% 

acetone respectively. No further precipitation was obtained 

when the proportion of acetone was increased above 60%. 

Greater losses (21%) were detected in the aqueous

supernatants (Fig. 4.2; appendix 20). After incubation of 

the cucumber discs in medium containing acetone 

precipitates the filtrates were clouded with cell fragments 

whereas, in contrast, incubation with the aqueous 

supernatant preparation gave clear filtrates. This result 

suggests that two kinds of factors with different modes of 

action are responsible for the loss in tissue weight. The 

production of cell fragments suggests the acetone 

precipitates contain a tissue macerating agent which 

liberates cells from the cucumber discs while the loss of 

weight caused by the supernatants may be attributed to the 

presence of compound(s) which cause loss of weight through 

leakage of cell contents. Growth of the fungus in conical 

flasks was poor, hence filtrates from these flasks were not 

assayed.

Further assays conducted with culture filtrates and 

fractionation products confirmed the production of factors
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causing cucumber tissues to lose weight (Fig.4.3; appendix 

21). The results indicated that all the activity detected 

in the original culture filtrate (35% weight loss) was 

recovered in the supernatant although the acetone 

precipitate was also active (16% weight loss) . When the 

original culture filtrate was reconstituted by mixing the 

appropriate amounts of the precipitate and the supernatant 

together, the weight loss was 18% compared with a total 

loss of 51% that results from summing the losses caused by 

the two fractions when assayed separately. These results 

suggest the presence of an inhibitor that could be in 

either fraction. Activity detected in the ethyl acetate 

extract resulted in 3% weight loss compared to 26% loss 

detected in the aqueous fraction remaining after ethyl 

acetate extraction. This was reduced to 11% when the ethyl 

acetate extract was added to its aqueous fraction 

suggesting the inhibitor partitioned into ethyl acetate.

4.3.2 Spectrophotometric Detection of PL Activity
All culture titrate samples assayed showed positive PL 

activity as determined by an increase in absorbance of the 

reaction mixture at 232nm (section 4.2.5.4) . The reaction 

rate was linear for 10 min (Fig. 4.4). An activity of 3.64 

nmoles of product/min was detected in culture filtrates 

(20X strength). Pectate lyase activities of 8.71 and 11.17 

nmols of product/min were detected in the 25 and 60% 

acetone precipitates respectively (appendix 22) . No PL 

activity was detected in the aqueous supernatant obtained
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after acetone precipitation.

Further assays with different samples of culture 

filtrates and fractionation products confirmed the 

production of pectate lyase by the pathogen. Activities 

detected in culture filtrates and acetone (60%) 

precipitates were 4.04 and 20.80 nmols product/min 

respectively indicating a five fold increase in activity of 

the precipitates above that of the original filtrates 

(Table 4.1) . No PL activity was detected in the aqueous 

supernatant, the ethyl acetate fraction and the aqueous 

fraction obtained after ethyl acetate extraction (Table

4.1). PL activity in the precipitates was completely 

inhibited when the aqueous supernatant was added to the 

high molecular weight fraction to reconstitute the original 

culture filtrate. Addition of the growth medium to the 

precipitate did not inhibit the action of the enzyme as the 

activity (17.34 nmols product/min) of this mixture compares 

favourably with the 2 0 . 8  nmols product/min achieved with 

the precipitate, indicating that the inhibitor is not part 

of the growth medium but a product of the pathogen (Table

4.1) . This result suggests that the inhibitor remains in 

the aqueous supernatant after acetone precipitation and is 

therefore likely to be a low molecular weight compound.
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Fig. 4.2
Tissue maceration activity of culture filtrates and 
their fractionation products determined by incubating 
concentrated preparations (20X) with cucumber mesoderm 
tissues. Activity is expressed as % loss of tissue 
weight. A= culture filtrate; B= 25% acetone 
precipitate; C= 60% acetone precipitate; D= aqueous 
supernatant.
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Fig. 4.3
Tissue maceration activity of culture filtrates and 
their fractionation products determined by 
incubating concentrated preparations (20X) with 
cucumber mesoderm tissues. Activity is expressed as 
% loss of tissue weight. A= culture filtrate; B= 
60% acetone precipitate; C= aqueous supernatant 
after precipitation; D= ethyl acetate extract; E= 
aqueous phase after ethyl acetate extraction; F= 
acetone precipitates aqueous supernatant (B+C); G= 
ethyl acetate extracts aqueous phase (DsE).
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Treatment Replicates 
(A units/min)

Mean nmoles product/min

1 2 3
Culture Filtrate 0.009 0 . 007 0.006 0 . 007 4 . 04
Acetone Precipitate 

(60 %)
0.028 0.030 0.058 0.038 2 0 . 8

Aqueous Supernatant 
(after precipitation)

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

Acetone Precipitate + 
Aqueous Supernatant

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

Ethyl Acetate Fraction 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

Aqueous Fraction 
(after ethyl acetate 
extraction)

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

Acetone Precipitate + 
Medium

0 . 034 0.032 0.024 0.03 17 . 34

Table 4.1. PL activity determined by incubating concentrated fractions of culture filtrates 
with sodium polygalacturonate as the substrate. Precipitation was carried out with 60% acetone. 
Activity was measured from increases in absorbance at 232 nm. Culture filtrates used were 
produced on citrus pectin medium.
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Fig. 4.4
PL activity in 60% acetone precipitate of culture filtrate 
detected as an increase in absorbance at 232 nm. Activity 
of the enzyme (0.06 A units/min) was determined from the 
gradient of the graph. The concentration of the enzyme in 
the reaction mixture was 20X that of the original culture 
filtrate.
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4.3.3 Effect of Heat on Activity of Culture Filtrates
In the experiments to investigate the effect of heat 

on the activity of the culture filtrates, 80 % of the

weight loss activity detected in the original filtrates was 

retained after boiling. This result suggests that at least 

two factors may be responsible for the activity in the 

original filtrates: a product(s) that is heat stable which 

is responsible for the majority of the activity (80% loss 

of tissue weight) and a less active heat labile fraction.

4.3.4 Molecular Size of Macerating Agents
Original culture filtrate, diffusate and dialysate 

caused 32.05, 28.57 and 4.84% weight loss respectively in

the maceration assay (Fig. 4.5; appendix 23) . Since the 

majority of the activity in the original culture filtrate 

was found in the diffusate this result suggests that a 

compound (s) of less than 10 kD is responsible for a greater 

part of the activity in the culture filtrate. When the 

original culture filtrate was reconstituted from the 

diffusate and the dialysate only half of the activity of 

the original culture filtrate was recovered suggesting the 

presence of an inhibitor.
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Fig. 4.5
Assessment of molecular size of active factors in 

fractions obtained after dialysis of cultur^ filtrates 
(20X solution). Both diffusâtes and dialysates were assayed 
for weight loss using cucumber mesoderm tissues. Activity 
was expressed as % loss of tissue weight.
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4.3.5 SDS-PAGE of Acetone Precipitated Proteins of
Culture Filtrates (from pectin medium) and Agarose 
Gel Overlay assay

The estimated protein concentration in the samples of 

precipitate electrophoresed was 3.1 /xg/ml and this amount 

was within the range detectable by Coomassie blue staining 

(1 to 10 fig) . Five proteins in the electrophoresed gels 

detected by Coomassie Blue staining were estimated to have 

molecular weights of 6 6 , 47, 31, 26, and 19 kD respectively 

(Fig. 4.6).

The agarose-pectate gel overlayed onto the 

polacrylamide gel immediately after electrophoresis showed 

a large zone of activity after incubation and staining in 

CTAB. However, dilution of the preparation did not allow 

resolution of the activity and therefore its correspondence 

with the bands stained with Coomassie Blue could not be 

evaluated (Liao, 1989; Van Gijsegem, 1986).
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Fig. 4.6
Proteins in Acetone Precipitates separated by SDS-PAGE. 
Lane A= standard proteins. Lanes B, C and D are proteins 
in acetone precipitates obtained from three samples of 
culture filtrates.
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4.4 DISCUSSION
All culture filtrates tested caused weight loss when 

incubated with cucumber mesoderm tissues. Both the acetone 

precipitates and aqueous supernatants of the culture 

filtrates separately caused weight loss (section 4.3.1) 

when incubated with cucumber tissues suggesting that at 

least two factors in the culture filtrates were responsible 

for this activity. In these assays the aqueous supernatant 

was as active as the complete culture filtrate, both 

causing 35% weight loss (Fig. 4.3). The acetone precipitate 

also caused weight loss but this was less, 16%. When 

cucumber tissues were incubated with the dialysed fractions 

of the culture filtrates, an activity of 28% (weight loss) 

corresponding to 87% of the activity in the original 

filtrate was detected in the diffusate alone. An activity 

of 4 % was detected in the dialysate. This result further 

comfirms the view that at least two different factors were 

responsible for the weight loss activity detected. It is 

possible that the active factor (s) in the diffusate and the 

aqueous supernatant is the same compound(s) with a 

molecular weight under 10 kD. The factor(s) responsible for 

the activity in the dialysate has a molecular weight above 

10 kD and it is possible that this factor (s) may also be 

responsible for the tissue macerating activity detected in 

the acetone precipitates of the culture filtrates. When 

boiled culture filtrates were incubated with cucumber 

mesoderm tissues the boiled fraction retained about 80% of 

the activity in the original filtrates. This result also
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confirms that at least two factors, a heat stable and a 

heat labile product may be responsible for the recorded 

weight loss of the tissues.

Production of cell fragments from cucumber mesoderm 

tissue subjected to the acetone precipitates suggests they 

contain a maceration factor. Loss of weight registered with 

the acetone supernatant fraction is likely to arise from 

plasmamembrane damage resulting in leakage of cell contents 

(Strange, 1993) . The reason for this explanation is that 

incubation of cucumber mesoderm tissue with the supernatant 

did not result in the production of cell fragments. Wattad 

et al. (1994) reported that fractionated products of 

culture filtrates of C. gloeosporioides isolated from 

avocado were active in macerating avocado wedges. They 

further demonstrated that the active factor in the 

filtrates responsble for this activity was pectate lyase. 

Keen et al. (1984) incubated culture filtrates and their 

fractionated products obtained from the soft-rot bacterium 

Erwinia chrysanthemi with potato slices and reported that 

the tissue maceration detected after incubation was due to 

the production of pectate lyase. In these two reports 

pectate lyase activity was confirmed by increases in 

absorbance measured at 232 nm. The tissue maceration 

activity detected with culture filtrates of the cassava 

pathogen and their acetone precipitates could also be due 

to pectate lyase enzyme activity.

In the tissue maceration assays the sum of the 

separate activities achieved with the acetone precipitates
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and the aqueous supernatant exceeded the activity detected 

in the original filtrates by 45% while all the activity in 

the original filtrate could be accounted for in the 

supernatant (Fig. 4.3) . A loss of activity of about 50% was 

recorded when the original culture filtrate was 

reconstituted from the two fractions and assayed. These 

results suggest the acetone precipitation process freed the 

high molecular weight tissue macerating agent from an 

inhibitor which possibly inhibits its action in the 

original culture filtrates. The production of an inhibitor 

was further confirmed in the detection of PL activity 

through absorbance measurements at 232 nm. Measured PL 

activity of the acetone precipitated product was 20.8 

nmoles product per min and 5 times higher than the activity 

in the original culture filtrates (Table 4.1). This result 

shows that the acetone precipitation process is a 

purification step that separates the pectate lyase enzyme 

from an inhibitor. The complete inhibition of PL activity 

that occurred when the aqueous supernatant was added to 

precipitated fractions and assayed confirmed the presence 

of a low molecular weight inhibitor of the enzyme in the 

culture filtrates. Naturally occuring inhibitors of PL from 

C. gloeosporioides have been reported in unripened fruits 

(Wattad et al., 1994). The presence of epicatechin in 

unripened avocado fruits, for example, prevent attack by C. 

gloeosporioides pectate lyase (Wattad et al., 1994) . A 

variety of host tissues have been reported to contain 

inhibitors of pectic enzymes (Collmer and Keen, 1986). Such
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inhibitors have been isolated from tissues or cell walls of 

bean, cucumber, pea, tomato, apple and citrus (Collmer and 

Keen, 1986) . Production of a pectate lyase inhibitor in 

culture filtrates of pathogens as found in the present work 

has not been reported. Whether it is of benefit to the 

pathogen in any context is an open question.

Though some convincing evidence is available to 

suggest that pectate lyase is a determinant of pathogenesis 

in some plant diseases, further work involving the STDB 

pathogen and the host plant will be required to determine 

whether the enzyme actually plays a role in this disease. 

Areas of research that will be considered will include 

attempts to isolate the enzyme from lesions on the host 

plant. Host tissues will also be examined before infection 

and during the progress of the disease using light and 

electron microscopy to monitor cell wall degradation and 

other effects of the pathogen on the host.
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CHAPTER 5 
DISCUSSION

The unresolved etiology of stem tip dieback of cassava 

provided the motivation for this study. Prevalence of 

cassava bacterial blight (CBB) in Ghana and the fact that 

dieback is one of its symptoms has led most people with 

some knowledge of plant disease to attribute any dieback 

disease of cassava to Xanthomonas campestris f. sp. 

manihotis. This is especially the case when the disease has 

progressed to the dieback stage and the plant is 

defoliated. Having established that the causal organism of 

STDB is a form of Colletotrichum gloeosporioides, it 

becomes necessary that diseases of cassava with dieback 

symptoms are investigated to establish the causal organism. 

Misleading identification of disease based on visual 

inspection can then be avoided. Whitlock et al. (1986) 

reported a blight-like disease of cassava in South Africa 

with field symptoms similar to cassava bacterial blight 

(CBB) . However, inoculation experiments carried out 

revealed that the causal organism was not Xanthomonas 
campestris f. sp. manihotis but rather Erwinia herbicola. 
This further emphasizes the importance of critical studies 

in the identification of plant diseases.

In the inoculation experiments, plants which had been 

sprayed with conidial suspensions of the fungus quickly 

developed dark brown lesions on their stems, which were 

followed by typical dieback symptoms. The symptoms
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documented were consistent with those described by Muimba- 

Kankolongo et al. (1989) . Stem lesions were not obtained 

when plants were inoculated through the exposed end of the 

cuttings from which they were derived, but the plants 

became defoliated, developed atypical branches and the tip 

dieback. Development of atypical branches by the inoculated 

plants can be interpreted as a response to reduced 

photosynthetic activity resulting from defoliation and the 

progressive death of the main stem. The leaves on new 

branches compensate for loss of photosynthetic activity on 

the main stem.

The identification of the cassava pathogen could not 

have been based on the few morphological characters 

documented from cultures produced on PDA. In recent years, 

a number of Colletotrichum species identified on the basis 

of their morpholgy alone have been assigned to new species 

using their DNA characteristics (Sherriff et al., 1994) . 

The only morphological features produced by the cassava 

isolates in culture and that could be readily documented 

were the length of conidia, the production of septa by 

germinating conidia and the production of globose 

appressoria. These features were considered insufficient. 

Furthermore, they are shared by a number of species in the 

genus Colletotrichum. The range of conidial sizes (14.1 ±

1.4 fim) found in the cassava pathogen were similar to those 

of C. lindemuthianum, C. musae, C. lagenarium, C. trifolii 
and C. obiculare (Sherriff et al., 1994) . Also in common 

with C. lindemuthianum, C. musae, and C. fuscum the cassava
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isolate produced septa on germination. Finally, the cassava 

isolate produced globose appressoria, a feature shared by 

several Colletotrichum species including C. lindemuthianum, 
C. trifolii and C. obiculare (Sherriff et al., 1994). As 

identification of the cassava pathogen based on these few 

characteristics would have been unsatisfactory it was 

therefore decided to look for appropriate molecular 

markers. Domain 2 of the large ribosomal subunit (LRSU) was 

selected because different regions of the LRSU genes, i.e., 

domains 1 and 2, and the internally transcribed spacers 

(ITS-1 and ITS-2) show more variation in their rates of 

evolution than do the domains of the small ribosomal 

subunit and are, therefore, useful in distinguishing more 

closely related taxa (Hillis and Dixon, 1991; Kohn, 1992) . 

Domain 2 has been used extensively to solve taxonomic

problems of many organisms (Sherriff et al., 1994) . Its

percentage sequence variation falls between the "greater 

than 70% and less than 100% similar limits" suggested by 

Hillis and Dixon (1991) for phylogenetic comparisons. The 

domain 2 sequence data demonstrated unequivocally that the 

cassava isolates were very similar to forms of C. 

gloeosporioid.es, since they differed from authentic

isolates of this species by only one nucleotide in 193 .

Comparisons with other species of Colletotrichum showed 

that the cassava isolates were distinct from C. orbiculare, 
C. acutatum, C. graminicola and C. capsici. Thus, on the 

basis of pathogen morphology and ribosomal DNA sequences, 

the causal agent of cassava stem tip dieback is identified
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as a form of C. gloeosporioid.es.

The biochemical tests carried out allowed C. 

lindemuthianum and C. capsici to be distinguished from the 

remaining Colletotrichum species. C. capsici was found to 

be capable of degrading lignin, a feature restricted to a 

narrow range of fungal taxa and which is particularly found 

in the Basidiomycetes (Paterson and Bridge, 1994). The 

results of the biochemical tests further emphasizes the 

importance of the proposal that biochemical systems should 

be developed to enhance fungal identification (Sherriff et 
al., 1994) . By documenting a wider range of biochemical 

characteristics for members of a genus it may be possible 

to draw up a biochemical scheme for identification of 

members within it.

The ubiquitous nature of Colletotrichum species has 

been reported by many workers. Members of the genus have 

been isolated from a variety of environments and a wide 

range of plants (Alahakoon et al., 1992; Jeffries et al., 
1990 ; Bring et al., 1995 ; Walker et al., 1991). They are 

best known as the causal organisms of the disease symptoms 

commonly called anthracnose on fruit, stems and leaves of 

a wide range of crops. Several Colletotrichum species have 

more than one host (Jeffries et al., 1990; Lenné, 1992 ; 

Sutton, 1992) . Inoculation experiments carried out with 

fruits of tomato, banana and pepper showed that these crops 

are susceptible to the pathogen. Intercropping of cassava, 

pepper, tomatoes, banana and plantain is a common farming 

practice in Ghana and other parts of West Africa which
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ensures that peasant farmers, who often own a single farm, 

are able to produce all the basic food items that they need 

to support their families. The evidence that these crops 

are susceptible to the pathogen poses a serious problem. In 

Ghana, the common practice is for farmers to cultivate 

tomatoes and pepper before intercropping with cassava at a 

later stage and harvesting the fruits before the cassava 

reaches the tuberization stage. It is, therefore, possible 

that infected fruits that remain on farms after harvesting 

may be sources of inoculum for cassava. It is common also 

to find banana fruits left on farms to rot. These may be 

another source of inoculum. Colletotrichum pathogens are 

reported to remain quiescent in unripened fruit and only 

develop when the fruit ripen (Prusky and Plumbley, 1992) . 

Education of farmers in primary farm management practices, 

especially pre- and post-harvest practices, may help to 

reduce the persistence and spread of STDB. "Fruits should 

not be left to rot" would be a simple message that could 

help to control the spread of the disease. Colletotrichum 
species have been reported as the major cause of post 

harvest losses in tropical fruit production (Prusky et al., 
1994 ; Sutton, 1992) . In recent years production of banana, 

tomato and pepper for export has received support from the 

government of Ghana. The magnitude of losses to these crops 

as well as cassava caused by C. gloeosporioid.es may be very 

significant, particularly since most farmers practice very 

little or no farm hygiene. It is, therefore, important that 

an extensive investigation to evaluate the effect of C.
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gloeosporioides on banana, tomato, pepper, avocado and 

cassava production in Ghana be carried out as soon as 

possible.

Early suspicion that the pathogen produce toxins was 

based on the development of water-soaked lesions by the 

inoculated plants (Strange et al., 1982). The toxic 

metabolites of the cassava pathogen were isolated from the 

aqueous supernatant obtained after acetone precipitation of 

the culture filtrates. This supernatant also caused loss in 

tissue weight when incubated with cucumber mesoderm tissues 

without the production of cell fragments. The weight loss 

was attributed to possible leakage of cell contents 

resulting from membrane dysfunction. It is possible that 

the factors in the aqueous supernatant responsible for the 

loss of weight in these assays were the three toxins 

isolated and confirmed as the cell killing agents. Mass 

spectra analysis of the three toxins isolated by flash 

chromatography revealed that the three metabolites share 

several mass ions and are most likely to be isomers. 

Though, the aspergillo-marasmins (toxins) reported to be 

secreted by C. gloeosporioides are produced as a mixture of 

isomers, comparison of the toxins secreted by the cassava 

pathogen with these toxins can not be made at this stage. 

Further documentation of the properties of the toxins 

produced by the STDB pathogen using techniques such nuclear 

magnetic resonance (NMR) must be carried out. This may 

allow the structures of the three toxins to be determined 

and compared with other toxins from species of
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Colle to tri chum.

Culture filtrates of the cassava pathogen were found 

to be toxic to isolated cells of cabbage and cauliflower 

leaves emphasizing the non-selective nature of the toxins 

produced by the cassava pathogen. Non-selective toxins have 

been described as virulence factors of disease (Beed et 

al., 1994; Foremska et al., 1990; Ohra, 1995; Stoessl, 

1981). There have been several reports of the production of 

phytotoxic compounds by C. gloeosporioides (Bailey et al., 
1992 ; Ohra et al., 1995) . Stoessl (1981) found that the 

fungus secreted phytotoxic polyamino acids. Colletotrichum 
species have not been reported to produce host specific 

toxins. Barjau et al. (1995), using techniques involving 

acetone precipitation, purified phytoxic glycopeptides from 

an isolate of C. gloeosporioides obtained from Hevea spp. 

These toxins caused tomato plants to wilt and were 

described as virulence factors by these workers. Toxin 

production by isolates of C. gloeosporioides infecting 

cassava has not been reported. The three toxins produced by 

the STDB pathogen are, therefore, likely also to be 

virulence factors.

Having established what the causal organism is and the 

possible modes of action of the pathogen in bringing about 

the disease, research based on this better understanding of 

the pathogen can now be directed at the control of the 

disease. The possible use of the toxins produced by the 

STDB pathogen in screening for resistance to the disease 

has been discussed earlier in chapter 4 . Another area
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worthy of consideration is breeding for resistance. Various 

techniques have been developed for generating plants 

resistant to a number of diseases. Banga et al. (1984) 

replaced cytoplasm of the euplasmic Brassica juncea 
(L.) (Czernj . and Coss . with cytoplasm of six alien Brassica 
species and found that the alien cytoplasm can modify the 

expression of nuclear genes of the recurrent parent. This 

results demonstrated the possibilities of modifying the 

phenotypic expression of nuclear genes but they did not 

result in the development of resistant cultivars. 

Irradiation of seeds of Brassica campestris cv. YS52 with 

gama rays generated mutants which were highly resistant to 

Alternaria brassicae (Das and Raman, 1988) . The possibility 

of using some of these techniques in generating clones of 

cassava resistant to STDB will be exploited. Breeding for 

resistance to African cassava mosaic virus has received 

attention and it is necessary that similar attention is 

given to other diseases of the crop such as STDB.

Muimba-Kankolongo et al., (1989) reported that ad hoc 
cultural measures (including roguing, removal of diseased 

plants and the use of healthy propagating cuttings) taken 

to control STDB when the first outbreaks of the disease 

occurred in Zaire were unsuccessful. This further 

emphasizes the importance of developing effective means of 

control of STDB.

Plants inoculated through the stem cuttings used for 

propagation developed symptoms of STDB and therefore the 

use of infected stems as propagating material may be a
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means by which the disease spreads. In Ghana, the 

traditional practice where farmers borrow cuttings to begin 

new farms may, therefore, enhance the spread of STDB from 

farm to farm and from one locality to another. Based on 

this practice, the possibility exists that the disease may 

be widespread in Ghana. Education of farmers on this 

subject and technical supervision to control the flow of 

plant materials in the West African subregion might 

therefore go a long way to control the spread of the 

disease (Lozano and Nolt, 1989).

Very little work appears to have been done on the 

epidemiology of this disease since it was first reported in 

1989. Sources of inoculum and the modes of dissemination 

need investigating. Effects of environmental conditions on 

the distribution of the disease in Ghana for example has to 

be studied possibly as a follow up of this project. Data 

collected from such studies may play very useful roles in 

the development of effective control measures against the 

disease.

The importance of cassava as a food crop in Ghana 

and most parts of the tropics in supporting a population of 

approximately 500 million people worldwide has already been 

stated. African cassava mosaic virus alone is reported to 

cause losses in yield of about 50%. Any disease of this 

important crop, depended on by so many people in the third 

world must, therefore, be given serious attention before 

its effects become overwhelming. Though the extent of 

damage to crop yield by STDB is not well investigated,
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availability of planting material can be affected seriously 

in severe outbreaks since cassava is mostly propagated 

vegetatively through the use of stem cuttings. Diseases of 

cassava in Africa has brought untold hardships and famine 

to certain countries in the past (Williams, 1973). Further 

research on STDB must be encouraged especially in the 

direction of its control before a severe outbreak 

comparable to that reported in Zaire occurs in another 

cassava growing area.

Cassava is a robust plant that thrives well in many 

soil types and environments where other food crops will 

generally not grow. With proper management of the crop, 

some of the food problems in Africa can successfully be 

solved.
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APPENDIX 
APPENDIX 1 

Nitrite Sucrose Agar

NaNO, (43 mM) 3.0 g
K2HPO4 .3H2O 1.3 9

Sucrose 30.0 9

Mineral solution 1 0 . 0 ml
Agar (Oxoid) 2 0 . 0 9
Distilled water to 1 litre

Composition of Mineral Solution

KCl 5.0 9
MgSO4.7H2 0 5.0 9
FeS0,.7H20 0 . 1 9
Distilled water 1 0 0 . 0 ml
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Appendix 2

Basal Medium for Esterase Activity Test
Mycological peptone (Sigma) 1 0 . 0 g
NaCl 5.0 9
Bromocrsol purple 0 . 1 9
Agar (Oxoid No 3) 25.0 9
Distilled water to 1 litre
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Appendix 3
Casein Hydrolysis Medium

KH2PO4I . Og 1 . 0 9
KCl 0.5 9
MgSO,. 7 H2O 0 . 2 9
CaCl2 .2 H20 0 . 1 9
15 % Skim milk 25.0 ml
Glucose 1 0 . 0 9
Agar(Oxoid No 3) 1 2 . 0 9
Distilled water to 1 litre
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Appendix 4
Gelatin Hydrolysis Medium

Czapek solution A 50.0 ml
Czapek solution C 50.0 ml
Zinc solution 1.0 ml
Copper solution 1.0 ml
Sucrose 10.0 g
Gelatin 120.0 g
Distilled water to 1 liter

Composition of Mineral Solutions 
Czapek solution A

NaNOj 4 . 0 9
KCl 1 . 0 9
Mg SO4 .7H2O 2 0 . 0 9
Distilled water 1 0 0 . 0 ml
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Appendix 4 (contd.)
Czapek solution C

K2HPO4 2 . 0  g
Distilled water 100.0 ml

Zinc solution 
ZnSO^.VH^O 1 . 0 g
Distilled water 100.0 ml
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Appendix 5

Composition of Medium for Lignin 
Activity Test
KH2P04 0 .60 9
MgSO,. 7H2O 0.50 9
K2HPO4 0.40 9
(NH4) 2 tartrate 0 . 2 2 9
Sorbose 40.00 9
Poly R-478 dye (Sigma) 0 . 2 0 9
Agar (Oxoid No 3) 15 .00 9
Mineral solution 1 0 . 0 0 ml
Distilled water 1 litre

Composition of Mineral solution
CaCl2 .2 H2O 7.4 g
Ferric citrate 1 . 2 g
ZnSO,. 7 H2O 0.7 g
MnSO,. 4 H2O 0.5 g
C0 CI2. 6H2O 0 . 1  g
Thiamine HCl 1 0 . 0  mg
Distilled water 1 litre
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Appendix 6 
Composition of Medium for Testing 
Pectinase Activity
NH4H2PO4 0.9 g
(NH4)2P04 0 . 2 g
MgSO, . 7 H2O 0.1 g
KCl 0.5 g
Citrus pectin 1.0 g
Agar (Oxoid No 3) 12.0 g
Distilled water 1 litre
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Appendix 7
Aesculin Agar Medium

*Czapek solution A 50.0 ml
*Czapek solution C 50.0 ml
*Zinc solution 1.0 ml
Copper solution 1.0 ml
Sucrose 5.0 g
Aesculin 3.0 g
Ferric citrate 0.2 g
Agar (Oxoid No 3) 12.0 g
Distilled water 900.0 ml
* - have been defined in an earlier appendix

Copper solution
CUSO4 . 5H2O 5.0 g
Distilled water 100.0 ml
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Appendix 8
Starch Hydrolysis Medium

*Czapek solution A 50.0 ml
*Czapek solution C 50.0 ml
*Zinc solution 1 . 0 ml
Starch solution 50 . 0 ml
Agar (Oxoid No 3) 1 2 . 0 9
Distilled water 850 . 0 ml
- mineral solutions have been described in an

earlier appendix.
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Appendix 9 
Basal Medium for Sugar Alcohols

NH4H2P04 1.0 g
KCl 0.2 9
MgSO*. 7 H2O 0.2 9
Zinc solution 1.0 ml
Copper solution 1.0 ml
Agar (Oxoid No 3) 1.0 ml
Distilled water 1.0 litre
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Appendix 10
Czapek Dox-V8 Medium

Czapek Dox liquid medium (Oxoid) 45.5 g
V 8 juice 200.0 ml
Mycological peptone (Sigma) 1.0 g
Yeast extract 1.0 g
Acid casein hydrosylate 1.0 g
Distilled water 1 litre
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Appendix 11 
Citrus Pectin Medium 

Citrus pectin 5.0 g
KNO3 5.0 g
KH2PO4 4.0 g
MgSO^.THjO 2 . 0  g
CaCl^.VH^O 0.3 g
FeCl, 0.1 g
Distilled water 1.0 litre
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Appendix 12 
DNA Extraction, PCR and Sequencing 
Buffers And Chemicals

TEE (Tris borate-EDTA) X 1 Buffer 
89 mM Tris 
89 mM boric acid 
2 mM EDTA

Orange G 5X Buffer (for agarose gel)
15 % Ficoll
100 mM EDTA
0.12 5 % (w/v) Orange G
in 5X TEE

Ethidium bromide (Et Br)
stock solution for agarose gel; 1 0 mg/ml

TE lOX Buffer 
0.10 M Tris-HCl 
0.01 M EDTA
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Appendix 13 
SDS-PAGE Buffers and stains

Sample Buffer
4X Tris.Cl/SDS, pH 6 . 8  25.0 ml
glycerol 2 0 . 0 ml
3.1 g DTT 3.1 g
bromophenol blue 1 . 0 mg
distilled water 1 0 0 . 0  ml

SDS Electrophoresis buffer, 5X 
Tris base 15.1 g
glycine 72.0 g
SDS 5.0 g
distilled water 1 litre

SDS Reducing Buffer
IS-mercaptoethanol 25̂ ,1
Stock sample buffer 475/Ltl

Coomassie blue G-250 staining solution
acetic acid 2 0 0  ml
distilled water 1800 ml
Coomassie blue 0.5 g
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APPENDIX 14

Replicates Concentration of Spores
1 0 ^ 1 0 " 1 0 ® 1 0 ^

1 90 2 2 0

2 95 15 1 0

3 8 6 29 0 0

4 91 5 1 0

5 8 8 8 3 0

6 96 37 1 0

Mean 91.00 16 .0 0 1.33 0

Probit % 
Germination

6.34 4 . 01 2 . 67 -

Effect of spore concentration on germination was 
investigated using conidia of cassava pathogen (isolate 
785). Conidia were incubated on glass slides at 25°C for 
18 h in a humidity chamber.
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APPENDIX 15

Isolates Days

1 2 3 4

A 7.70 15.50 20.70 26.70

B 2.30 5.70 9.70 13.60

C 3.70 6.70 12 .30 17.30

D 0 . 0 0 2 . 0 0 4.70 7.30

E 0 .0 0 0 . 0 0 0 . 0 0 0 . 0 0

Growth (mm) of fungal isolates on Nitrite Sucrose 
Agar medium. A= cassava pathogen (isolate 785);
B= C. gloeosporioides; C= C. capsici; D= C. acutatum; 
E= C. lindemuthianum
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Appendix 16

Days Replicates (units/ml) Mean STD

1 2 3

2 9.84 4.58 6.06 6.83 2.21

5 22.62 42.22 51.98 38.94 12.20

8 45.24 45.24 55.70 48.72 4.93

11 42.22 51.98 47 . 82 47.34 3.99

14 55.70 97.70 114.42 89 . 04 24.62

18 78.78 57.70 59.70 65.39 9.50

Toxicity of culture filtrates were determined by 
incubating lOX solutions with isolated cells from 
cassava leaves. Culture filtrates were produced on Czapek 
Dox-cassava extract medium.
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APPENDIX 17

Days Replicates (g) Mean STD

1 2 3

2 0 .10 0.10 0 .06 0.09 0.02

5 0.14 0.17 0.23 0.18 0.04

8 0.28 0.22 0.23 0.24 0.03

11 0.25 0.34 0.19 0.26 0 . 06

14 0.20 0.38 0.35 0.34 0.03

18 0.43 0.32 0 .46 0.40 0 .06

Dry weight of mycelium produced during toxin 
production on Czapek Dox-cassava extract medium.
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APPENDIX 18

Days Replicas (pH) Mean

1 2 3

2 6.99 6.73 7.07 6.93

5 7.01 7.34 7.46 7.27

8 7.71 7.81 7.99 7.83

11 7.04 8.19 8.29 7.84

14 7.12 7.36 7.76 7.41

18 7 .54 6.43 8.10 7.35

pH changes during toxin Production on Czapek Dox- 
Cassava extract medium.
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Appendix 19

Rf Values Activity 
(% Cell Death)

Mean

1 2

0.33 73.63 79.22 76.42

0.38 5.10 5.47 5.28

0.44 61.29 63 . 80 62 . 54

0.58 57 . 90 56.08 56.98

0 .71 100.00 100.00 100.00

0.92 43.83 40.00 41.91

0.96 10 . 80 8.50 9 . 65

Activity of TLC Spots. Activity (% cell death) determined 
from 100 /xl of concentrated ethyl acetate extract. 
Culture filtrates used in extraction were produced on 
citrus pectin medium.
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Appendix 20

Treatment Replicates 
(% weight loss)

Mean Corrected Mean STD

1 2 3

Culture Filtrate 58.93 59.67 59.11 59.11 53.14 0 .32

Acetone Precipitate 
(25 %)

7.46 10.77 11.77 10.00 4.03 1.84

Acetone Precipitate 
(60 %)

19.05 25.76 20 . 64 21.81 15.84 2.86

Aqueous Supernatant 28.45 28 .16 23 .38 26 . 66 20 . 69 2.32

Tissue maceration activity of culture filtrates and fractionation products. 
Activities were determined by incubating fractions of concentrated 
preparations with cucumber mesoderm tissues. Culture filtrates were produced 
on citrus pectin medium. STD= standard deviation
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Appendix 21

Treatment Replicates 
Activity (% weight loss)

Mean Corrected Mean STD

1 2 3
Culture Filtrates 37.60 42 . 08 40.32 40 .00 34.96 1.84
Acetone Precipitate 22 .31 22 .85 18.02 21.06 16.02 2.16
Acetone Supernatant 40.97 39.28 40.67 40.30 35.26 0.73
Ethyl Acetate 
Extract

8.21 7.60 8 .60 8.14 3.10 0.41

Aqueous Fraction 34.16 29.83 30 . 85 31.61 26.57 1.84
Precipitate+
Supernatant

21.57 27.54 20.73 23 .28 18.24 3.03

Ethyl Acetate + 
Aqueous Fraction

17.14 14.83 14.09 15.35 10 . 81 1.29

Tissue maceration activity of culture filtrates and Fractionation Products determined by 
incubating concentrated preparations with cucumber mesoderm tissue. Activity was expressed 
as % loss of tissue weight. Precipitation was carried out with 60% acetone.
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Appendix 22

Treatment Replicates 
(milli A units/ml)

Mean STD nmoles 
products/min

1 2 3

Culture Filtrate 5 .00 7 .40 6.53 6.31 0.99 3.64

Acetone Precipitate 
(25 %)

11.53 16.00 17.00 15.07 2.38 8.71

Acetone Precipitate 
(60 %)

25.60 14 .20 18.18 19.32 4.72 11.17

Aqueous Supernatant 0 .00 0.00 0 .00 0 .00 0 .00

PL activity determined by incubating 2OX solutions of fractions of culture filtrates 
with sodium polygalacturonate as the substrate. Activity was measured from increases 
in absorbance at 232 nm. Culture filtrates used were produced on citrus pectin medium.
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Appendix 23

Treatment Replicates 
(% weight loss)

Mean Corrected
Mean

STD

1 2 3

Culture Filtrate 38.25 33 .41 37.14 36.27 32.05 2.07

Diffusate 30.37 33.79 34.14 32.76 28.57 1.70

Dialysate 9.41 10.40 7.29 9 . 03 4 . 84 1.29

Diffusate+ Dialysate 21. 97 18 .66 20.27 20 . 03 16.11 1.35

Assessment of molecular size of Tissue Macerating Agents. Tissue maceration activity 
was determined by incubating 2OX solutions of fractions with cucumber mesoderm 
tissue. Concentrated culture filtrate was dialysed against water.
STD= standard deviation.
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Appendix 24

ESA Solution 

(Ml)

Absorbance 
(at 595 nm)

Protein 
Concentration 
(mg/ml)

Protein
Concentration
(Mg/ml)

5 0 .216 0 .00234 2.34

10 0 .314 0 .00469 4.69

15 0 .445 0.00702 7.02

20 0.530 0.00936 9.36

5 (unknown) 0.256 0.00310 3.10

Protein concentration in 60 % acetone precipitate 
determined by the Bradford method.
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Appendix 25

Absorbance0.6

0 .5

0 .4

0 .3

0.2

0.1

0
0 2 4 6 8

Protein C o n c e n tr a t io n  (ijg/ml)
10

Graph for determination of Protein 
Concentration in Acetone Precipitates
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Appendix 26

Standard Proteins Molecular 
Weight (kD)

Distance
Travelled
(mm)

Rf Value Logarithm of
Molecular
Weight

Myosin 200.00 4.00 0 .06 5.30
&-glucosidase 116.25 11.00 0.18 5.06
Phosphorylase b 97.40 16.00 0.26

4.98
Serum Albumin 66. 00 21.00 0.35 4.82
Ovalbumin 45.00 29.00 0.48 4.65
Carbonic Anhydrase 31.00 37.00 0.61 4.49
Trypsin Inhibitor 21.50 43.00 0.71 4.33
Lysozyme 14.40 46.00 0.76 4.15
Aprotinin 6.50 54.00 0.91 3.81

Properties of Standard Proteins from SDS-PAGE
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Appendix 27

5.5
Log. Molecular Weight

5

4.5

4 -

3 .5
0 .0 6  0.18 26  .3 5  .48  .61 .71

Relat ive  Mobil it ies

.76 .90

Standard curve drawn from SDS-PAGE properties of 
standard proteins and used in determining molecular 
weights of culture filtrate proteins.
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Appendix 28

Unknown Proteins Distance
Travelled

Rg Values Logarithm of
Molecular
Weight

Estimated 
Molecular 
Weight (kD)

A 21 0.35 4.82 66.069
B 26 0.43 4.67 46.773
C 33 0.55 4.49 30.902
D 36 0.60 4.41 25.703
E 41 0.68 4.27 18.620

Molecular weights of culture filtrate proteins determined 
from SDS-PAGE. A to E are the five unknown proteins 
separated from the acetone precipitates of culture filtrate.
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Appendix 29

SDS-PAGE Resolving Gel Buffer

Tris 36.3 g
HCl (IM) 48.0 ml
(Adjust volume to 100 ml with distilled water,
filter and store at 4°C)

SDS-PAGE Stacking Gel Buffer

Tris 6.0 g
Distilled water 40.0 ml
(Adjust pH to 6.8 with IM HCl, make volume up 
to 100 ml, filter and store at 4°C)
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Colletotrichum gloeosporioides as the cause of stem tip dieback of 
cassava

E. M OSES, C. N A SH *, R. N. STR AN G E and  J. A. BAILEY*
Department of Biology, Darwin Building, University College London, Gower Street, London WCIE 
6BT and *IACR~Long Ashton Research Station, Department of Agricultural Sciences, University o f  
Bristol, Long Ashton, Bristol BS18 9AF, UK

A fungus with morphological features corresponding to the group species Colletotrichum 
gloeosporioides was consistently isolated from cassava with shoots showing dieback symptoms in 
Ghana. When four locally-grown cultivars were inoculated with isolates of the fungus, they developed 
disease symptoms, which consisted of discrete dark brown lesions on the stems followed by defoliation. 
Koch’s postulates were completed by re-isolating the fungus from the inoculated plants. The 
relatedness of the isolates to other members of the genus Colletotrichum, whose identities were well 
established, was investigated by comparison of the nucleotide sequence of domain 2 of their ribosomal 
DNA, The cassava isolates differed from authentic isolates of C. gloeosporioides by only one nucleotide 
among the 193 analysed. The causal agent of cassava stem tip dieback (STDB) is thus identified as a 
form of C, gloeosporioides.

IN T R O D U C T IO N

Cassava {Manihot esculenta) is the only member 
of the family Euphorbiaceae that is cultivated as 
a food crop. On a global scale, it is the third 
largest source of carbohydrate for human con
sumption and the most important food crop on 
the African continent (Fauquet & Fargette, 
1990). The crop is susceptible to many pathogens 
that decrease yields. For example, African 
cassava mosaic virus alone is estimated to cause 
losses of 50% of the world’s annual production 
(Fauquet & Fargette, 1990) and cassava bacterial 
blight (CBB), caused by Xanthomonas campestris 
pv. manihotis, contributed significantly to starva
tion in Zaire during the epiphytotic years of 
1970-1975 (Lozano, 1986).

Dieback is one of the symptoms of CBB. As a 
result, X. campestris pv. manihotis has tradition
ally been considered to be the causal agent of this 
syndrome in Ghana. However, in southern 
Africa, Erwinia herbicola was found to cause a 
disease with symptoms similar to that of CBB 
(Whitlock et al., 1986). In another report of a 
dieback syndrome from Western Zaire, Muimba- 
Kankolongo et al. (1989) observed brown lesions 
on stems, a symptom not usually associated with

Accepted 19 April 1996.

CBB, and there were no lesions on leaves, a 
feature which is typical of plants infected with the 
bacterium. They considered the disease, which 
caused significant losses, to have been previously 
unrecognized and called it stem tip dieback 
(STDB). Although they isolated a fungus that 
they identified as C. gloeosporioides, they were 
not able to reproduce the symptoms of the disease 
in plants inoculated with their isolates. Colletotri
chum gloeosporioides f. sp. manihotis was also 
reported to cause anthracnose on cassava leaves in 
Nigeria (Van der Bruggen & Maraite, 1987).

Observation of cassava plants in the Ashanti 
region of Ghana, one of the principal cassava 
growing areas of the country, suggested that a 
dieback syndrome was prevalent. The symptoms 
did not accord with those characteristic of CBB 
but appeared to be more consistent with those 
described by Muimba-Kankolongo et al. (1989). 
Accordingly, the experiments reported in this 
paper were initiated in order to establish 
unequivocally the causal agent of this disease. 
Initial studies indicated that the likely pathogen 
was a species of Colletotrichum. Although such 
species have been traditionally differentiated on 
the basis of culture, conidial and appressorial 
morphology, these criteria have often proved 
inadequate and, more recently, DNA techniques 
have begun to be used. For example, Hodson
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et a l (1993) used ribosomal and mitochondrial 
DNA polymorphisms to define the variation 
found among 38 isolates of C. gloeosporioides 
from four tropical fruits and Fabre et al. (1995) 
have analysed variation in C. lindemuthianum 
using molecular markers, i.e. random amplified 
polymorphic DNA and restriction fragment 
length polymorphisms. In other work, sequence 
data from ribosomal genes have been used to 
correct previous incorrect species identification. 
For example, Sreenivasaprasad et al. (1994) used 
sequence data of the internally transcribed spacer 
1 (ITS-1) to show that several isolates from lupin, 
all with straight/cylindrical conidia were C. 
acutatum and not C. gloeosporioides. In addition, 
Sherriff et al. (1995) were able to confirm the 
distinction between C. graminicola, a pathogen 
of maize, and C. sublineoleum, a pathogen of 
sorghum, by comparison of the nucleotide 
sequences of their ITS-2 regions. In a study of 
several regions of rDNA, Sherriff et al. (1994) 
demonstrated several new groupings in the genus 
Colletotrichum. They also demonstrated that 
sequence data from domain 2 was almost as 
effective in revealing relationships as the com
bined 28S rDNA and ITS-2 regions (886 base 
pairs). For these reasons, morphological studies 
of the pathogens were integrated with analysis of 
the nucleotide sequence of domain 2 to compare 
the cassava isolates with other species in the genus.

MATERIALS A N D  METHODS

Isolation of causal organisms

Samples of stem tissue from cassava, showing 
dieback symptoms, were collected from six farms 
in the Ashanti region of Ghana. They were cut 
into lengths of 50-70 mm which encompassed 
the junction between healthy and diseased tissue. 
After surface-sterilizing in 2-5% sodium hypo
chlorite solution and rinsing in sterile distilled 
water, they were split lengthwise into five or six 
pieces, and once crosswise to give 10-12 pieces in 
total before placing on potato dextrose agar and 
incubating at 28°C. Mycelium, growing from the 
plant tissue, was subcultured onto fresh PDA 
plates. The fungus was re-isolated from inoculated 
plants by the same technique. Fungal isolates were 
maintained on PDA at 4°C. Conidia from single
spore cultures on PDA were suspended in sterile 
distilled water and washed three times by cen
trifugation (MicroCentaur, MSE) at 13 000 r.p.m. 
before re-suspending in sterile 10% glycerol and 
storing at -70°C.

Preparation of inoculum

Czapek Dox liquid medium (500mL/l-L flask) 
was inoculated with disks of mycelium cut from 
the edge of colonies growing on PDA (five disks 
per flask). Flasks were incubated in the dark at 
28°C and shaken vigorously once every day. 
After 14 days, conidia were harvested by filtra
tion through four layers of muslin and washed 
three times by centrifugation with sterile distilled 
water, before suspending in sterile distilled water.

Propagation and growth of plants

Healthy stem cuttings (19 cm long) from four 
local cultivars, Amakuma, Acheampoma, 
Owuduo and Ankara, were planted singly in 
autoclaved soil in 25-cm diameter pots by placing 
one end of the cutting in the soil at an angle of 
about 30°. The cuttings were incubated in the 
open at the Crop Research Institute, Kumasi, 
Ghana.

Inoculation of plants

Plants (14 weeks old) were inoculated with 
conidial suspension (10  ̂ conidia/mL) of the 
fungus by three techniques. In the first, plants 
were incubated at high humidity for 24 h by 
covering them with a polythene bag, sprayed 
internally with water from an atomizer, before 
spraying them to run-off with the conidial 
suspension. The plants were immediately covered 
with polythene bags and incubated outside. They 
were examined for symptoms 5 days after 
inoculation and from this time onwards the 
polythene bags were removed during the day but 
replaced at night. The second technique involved 
injecting 2 mL of the conidial suspension into the 
exposed cut end of the stem from which the plant 
was propagated. In the third technique, droplets 
(10 pL) of the conidial suspension were placed on 
excised stem pieces (6 cm in length) and incu
bated at high humidity in an incubator at 25°C.

Microscopic examination of the fungus

Conidia were harvested from 7-day-old cultures 
grown on PDA and washed three times by 
centrifugation at 13 000 r.p.m. before suspending 
in sterile distilled water at a density of 10̂  
conidia/mL. The lengths and breadths of 50 
conidia of each isolate were measured under a 
r*:croscope fitted with a graticule eye-piece.

Droplets of the conidial suspension {20 pL)
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were also placed in the wells of cavity slides that 
had been acid-washed and incubated in a 
humidity chamber at 25®C for 18 h. They were 
examined by phase-contrast microscopy for 
septum and appressorium development and the 
diameters of 60 appressoria from each of two 
isolates were measured.

Extraction of DNA from the fungus

Mycelium from a single 6-day-old culture of the 
fungus grown on PDA was scraped from the agar 
surface and used to inoculate lOOmL of Czapek

Dox-VS liquid medium in 250-mL flasks 
(Sherriff et a i, 1994), The flasks were incubated 
at 25°C on an orbital shaker ( 140 r.p.m.) for 48 h. 
The mycelium was harvested by filtration 
through muslin and washed with sterile distilled 
water. The harvested mycelium was ground to a 
loose powder under liquid nitrogen and freeze- 
dried.

DNA was extracted from the powdered 
mycelium using a method adapted from 
Graham et al. (1994). Domain 2 of the ribosomal 
DNA was amplified by methods modified from 
those described by Sherriff et al. (1994). A

Fig. 1 A cassava plant with the main stem (centre) showing defoliation in response to injection o f conidia o f C. 
gloeosporioides through the exposed end o f the cutting (for details o f  inoculation procedure see text). Note the two 
healthy branches (arrowed) which developed subsequent to defoliation and which have outgrown the main stem.
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074 +501 AAAAGGGAAG CGCTTGTGAC CAGACTTGCG TCCGGTGAAT CACCCAGCTC
167 + 189--------------------------------------------------------
058 + 163 ------------------------------------------------------
079 + 141 ------------------------------------------------------
091 --------------------------------C------------------- C-

785 + 786 ------------------------------------------------------

60 70 80 90 100
074 +501 TCGCGGCTGG GGCACTTCGC CGGCTCAGGC CAGCATCAGC TCGCTGTCGG
167 + 189--------------------------------------------------------

1 ^  ^  ^  ^  ^  ^  ^

091  A--  C----
009 + 414  C---------C------------------------------------
785 + 786 ------------------------------------------------------

110 120 130 140 150
074 +501 GGACAAAAGC TTCAGGAACG TAGCTCTCTT CGGGGAGTGT TATAGGCTGT
167 + 189 --------------G---------------------------------------
058 + 163 -----------------------G CTC-----------------------
079 + 141  G-----------------------------C—

785 + 786 --------------G---------------------------------------

160 170 180 190 193
074 +501 TGCATAATAC CTTCGGCGGG CTGAGGTACG CCGTCCGCAA GGA
167 + 189  C----------------------------------------
058 + 163 -----------------------------------------------
079 + 141  T-----------------------------
091 -----------------------------------------------
009 + 414  C--------- T-----------------------------
785 + 786 -----------------------------------------------

LARS 074 =  C. gloeosporioides from Aeschynomene virginica; 501 =  C. gloeosporioides from Mangifera indica; 
167 =  C. gloeosporioides from Stylosanthes scabra; 189 =  C. gloeosporioides from Stylosanthes sp.; 058 = C. 
acutatum from Musa nana; 163 =  C. acuîatum from Lupinus mutabilis; 079 =  C. capsici from Piper belle', 141 =  C. 
capsici from Vigna unguiculata; 091 ^  C. graminicola from Rottboellia cochinchinensis', 009 ^ C. lindemuthianum 
from Phaseolus vulgaris', 414 =  C. orbiculare from Cucumis sativus', 785 and 786 =  isolates from cassava.

Fig. 2 Alignment o f sequences of domain 2 o f 28 S ribosomal D N A  of cassava isolates and known C. gloeosporioides 
isolates.

microcentrifuge tube (2 mL) was one-third filled 
with powdered mycelium, to which was added 
1-5 mL of buffer (100 m M  Tris-H C l, 20 m M  
EDTA, 2%  CTAB (w/v), and 1-4 m  NaCl). 
A fter mixing thoroughly, the well-soaked myce
lium  w as incubated at 65°C for 45min before 
centrifugation  at 13 000 r.p.m. for lOmin. The 
supernatant w as transferred to a new  microcen- 
trifuge tube and one vo lu m e o f  ch loroform — 
isoam yl a lcohol (24 ; 1 v /v ) w as added. After

centrifugation at 13 000 r.p.m. for 3min, the 
supernatant was collected and OT volume of 
sodium acetate and 2 volumes of ice-cold ethanol 
were added. The contents of the tube were gently 
mixed and the D N A  precipitated at — 80°C for 
lOmin. After centrifugation for 1 min, the super
natant was discarded and the pellet washed, by 
centrifugation, twice with 70% ethanol. The 
resulting DNA pellet was dried at 65°C on a 
heating block for 3—5 min and dissolved in
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500/iL TE buffer at 37°C (Sambrook et al., 
1989). RNAase (lO^uL, 50^g/mL) was added 
and the tube incubated at 37°C for 1 h. The 
D N A  was stored at 4°C before amplification by 
PCR.

Amplification of rDNA

Amplification o f rDNA repeat sequences was 
carried out using the GeneAmp PCR Kit 
(containing PCR buffer, dNTPs and AmpliTaq 
D N A  polymerase) and Thin-Walled PCR Tubes 
(both from Applied Biosystems), in a thermo
cycler (Perkin Elmer Cetus 480). A  section o f the 
28S gene containing domain 2 was amplified 
(Guadet et al., 1989; Sherriff et al., 1994), using 
the primers Pn 9 ( 5 -CTTAAGCATATCAA- 
TAAGCGGAGG-3 ) and Pn 2 (5'-GTTCAC- 
CATCTTTCGGGTCG-3'), synthesized at the 
University o f Bristol. Each reaction tube con
tained sample D N A  (1 /ig), primers Pn 2 and Pn 
9 (0-2 AiM of each), dATP, dCTP, dGTP and 
dTTP (0 2 pM o f each), PCR buffer (10 mM Tris- 
H C l, pH 8-3, 50mM K C l, T5mM M gC l2) and 
AmpliTaq (2-5 units), in a total volume o f 100 //L  
made up with sterile deionized water. This was 
overlaid with 50 //L PCR mineral oil (Sigma). 
PCR was carried out in 30 cycles o f 15 s at 96°C, 
30s at 60°C, and 60s at 72°C, preceded by an 
initial dénaturation at 96°C for 2 min, and ending 
with 3 min at 72°C.

DNA sequencing and analysis

Sequencing reactions were carried out using the 
Sequenase PCR Product Sequencing Kit (USB  
Amersham, UK) and the protocol provided. 
Primer Pn 4 ( 5 -CCTTGGTCCGTGTTCAA- 
GACGGG-3') was used for sequencing. Sequen
cing gels were prepared from SeqGel (NBL Gene 
Sciences Ltd., UK) containing 6% acrylamide : 
bisacrylamide (19:1) and 7 m  urea, and run on a 
vertical electrophoresis system (Base Runner 
Nucleic Acid Sequencer, International Biotech. 
Inc., USA). The developed gel was read manu
ally, and each sequence was aligned using GCG  
PileUp. The D N A  sequences o f the D 2 region o f  
the cassava pathogens were compared with those 
o f the D 2 regions o f Colletotrichum species 
studied previously (Sherriff et al., 1994). D N A  
sequences were analysed using the cluster analy
sis facility o f the statistical package MEGA  
(Molecular Evolutionary Genetic Analysis) (Kumar 
et a l, 1993).

RESULTS

Isolation and morphology of the pathogens

M ost o f the stem pieces o f cassava showing 
dieback symptoms obtained from the six farms 
yielded fungal cultures which corresponded in 
morphology to C. gloeosporioides when plated on 
PDA. Six isolates were single-spored and studied 
in detail. Their mycelia were fluffy and this 
obscured masses o f salmon-coloured conidia on 
the surface o f the agar. The conidia o f all strains 
were straight with obtuse apices and had similar 
dimensions. They measured 14T ±  T4 //m in 
length and were essentially a constant 5 pm  in 
width. They developed a septum on germination 
and produced globose appressoria with dia
meters in the range o f 5 -7  pm.

Pathogenicity of the isolated fungi

When healthy plants were inoculated by 
spraying with conidia o f the fungus, brown 
to black lesions developed within 5 days on 
the stems, but none was produced on the 
leaves. Lesions were concentrated between 10 
and 30 cm from the apex. With further incuba
tion, green stem tissue between lesions turned 
brown to give necrotic areas which, in some 
instances, girdled the stem. By 10 days after 
inoculation, stems had become defohated. After 
defoliation, poorly-developed branches grew 
rapidly from the nodes, some o f which developed 
a branched habit atypical o f healthy cassava, 
within 6 weeks. In plants inoculated by injection, 
neither brown lesions nor necroses were evident 
but defoliation occurred and this was followed 
by development o f lateral branches (Fig. 1). 
When droplets o f conidial suspension were 
placed on excised stems, water-soaked lesions 
developed within 48 h and distal parts began to 
die after 10 days.

DNA sequence data

Two highly pathogenic isolates (LARS 785 and 
786), representative o f the six that were single- 
spored, were selected for molecular analysis. The 
length o f the domain 2 region analysed was 193 
nucleotides. Both isolates had the same sequence. 
These differed from authentic isolates o f C. 
gloeosporioides obtained from Aeschynomene 
virginica (LARS 074), Mangifera indica (LARS 
501) and Stylosanthes sp. (LARS 167 and 189) by 
only one nucleotide (Fig. 2). This similarity and
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Table 1 Difference matrix o f domain 2 for isolates o f  Colletotrichum  from cassava and from other representatives o f
the genus

058 163 079 141 074 167 189 501 009 414 091 785-786

058 C. acutatum^
163 C. acutatum’̂ 0-000
079 C. capsici 0-053 0-053
141 C. capsici 0 053 0-053 0-000
074 C. gloeosporioides 0-037 0-037 0-037 0-037
167 C. gloeosporioides 0-048 0-048 0-037 0-037 0-011
189 C. gloeosporioides 0-048 0-048 0-037 0-037 0-011 0-000
501 C. gloeosporioides 0-037 0-037 0-037 0-037 0-000 0-011 0-011
009 C. lindemuthianum 0-096 0-096 0-080 0-080 0-074 0-064 0-064 0-074
414 C. orbiculare 0-096 0-096 0-080 0-080 0-074 0-064 0-064 0-074 0-000
091 C. subiineoium 0-037 0-037 0-048 0-048 0-043 0-043 0-043 0-043 0-080 0-080
785-786 Isolates from

cassava
0-048 0-048 0-037 0-037 0-011 0-011 0-011 0-011 0-064 0-064 0-043

Differences are calculated as a proportion o f  the sites (total 193) different, with any difference (transition, 
transversion or deletion) counted as one. Additional sequence data was taken from Sherriff e t al. (1994). 
^Indicates that LARS 058 and 163 were previously regarded as C. musae and C. gloeosporioides.

the distinction from other established species o f  
Colletotrichum is further demonstrated by a 
distance matrix (Table 1) and a dendrogram 
constructed from the data using the MEGA  
statistical package (Fig. 3). All the cassava

isolates show high homology ( > 9 8  9%) with C. 
gloeosporioides^ but showed less homology 
(90 4 -9 6  3%) with the other species analysed, 
i.e. C. orbiculare. C. acutatum, C. graminicola 
and C. capsici.

30
50

99

76 I- 074 C. gloeosporioides 
- 501 C. gioeosporioides 

r 785 from cassava 
786 from cassava 
167 C. gloeosporioides

77 L 189 C. gloeosporioides

46

{99 079 C. capsici
141 C. capsici

66

091 C. subiineoium
r 058 C. acutatum

100 k 163 C. acutatum 
r  009 C. lindemuthianum

100 414 C. orbiculare

Scale: each Is approximately equal to a distance of 0 5%.

Bootstrap values based on 500 re-samples are given at appropriate branches.
Fig. 3 Neighbour-joining tree illustrating relationships between isolates o f  Colletotrichum  from cassava and other 
representatives o f  the genus.
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A C K N O W L E D G E M E N T S

The unresolved aetiology o f stem tip dieback o f  
cassava provided the motivation for this study. 
Although Xanthomonas campestris f. sp. mani- 
hotis was a prime suspect, the absence o f lesions 
on the leaves o f  plants with dieback symptoms 
made this unlikely. Furthermore, no bacteria had 
been consistently isolated from plants showing 
dieback symptoms. Instead, a fungus grew from 
diseased stems with the morphological character
istics o f a species o f Colletotrichum. Muimba- 
Kankolongo et al. (1989) had previously isolated 
a species o f Colletotrichum from plants with 
STDB, which they identified as C. gloeosporioides 
f. sp. manihotis. However, they were unable to 
obtain dieback symptoms by artificially inocu
lating healthy plants with the fungus.

In the present experiments, plants which had 
been sprayed with conidial suspensions o f  the 
fungus quickly developed brown lesions on 
their stems, which were followed by typical 
dieback symptoms. Stem lesions were not 
obtained when plants were inoculated through 
the exposed end o f the cuttings from which 
they were derived, but the plants became 
defoliated and side branches developed over a 
period o f  about 6 weeks. The development o f  
STDB from inoculated cuttings may have 
important implications for the epidem iology  
o f the disease because cassava is normally 
propagated vegetatively.

The identification o f the Colletotrichum  
species causing STDB presented some problems 
since the morphological basis o f species in this 
genus is not well established (Sutton, 1992). The 
production o f  a septum by conidia o f  all the 
isolates from cassava indicated that they were 
not forms o f the C. orbiculare aggregate species 
(Sherriff et al., 1994), but did not allow any 
further conclusions, especially regarding other 
species with straight/cylindrical conidia. The 
sequence data, however, demonstrated unequi
vocally that the cassava isolates were very 
similar to forms o f C. gloeosporioides, since 
they differed from authentic isolates o f this 
species by only one nucleotide. A comparison  
with other species o f Colletotrichum  showed 
that the cassava isolates were distinct from C. 
orbiculare, C. acutatum, C. graminicola and C. 
capsici. Thus, on the basis o f pathogen mor
phology and rD N A  sequences, the causal agent 
o f cassava stem tip dieback is identified as a 
form o f C. gloeosporioides.
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