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Executive Summary: 

The purpose of this project was to develop the capability for genetically-engineering fungi that 
beneficially colonise plant roots. This would engender the potential for manipulating plant growth by 

surrogately modifying the fungal symbiont using recombinant DNA technology. Despite nearly a century 
of research, virtually nothing isknown of the biology of these vesicular-arbuscular mycorrhizal fungi and 
much of the work in this project was towards a basic understanding of these microorganisms. Six sub
projects were initially defined, of which four have been completed, while a significant amount of research 

has been conducted in the other two. 

The project ran from June 1, 1989 to December 31, 1993. Initial funding arrived August 22, 
1989 and subsequently, financial reports have been submitted by the Bursary, U.W.I. The project has 
funded the purchase of equipment items,'such as a Beckman L8-70M ultracentrifuge, a Precision GTC-2 
thermocycler and an NEC laptop computer. Two graduate students have worked on the project, with one 
being funded from the grant. Both students have now successfully completed rheir Ph.D. degrees. The 
U.S. collaborators made two visits to Barbados and both graduate students and the Principal Investigator 
undertook training in Prof. Timberlake's laboratory. The quality of assistance provided by the U.S. 
collaborators was exemplary and was instrumental in focussing the project gotals. in accessing additional 
expertise and services at the University of Georgia, in providing technical assistance and in promoting 

the upgrading of our facilities at U.W.I. 

The project was extremely valuable for the Department of Biolog.. U.W.I. in terms of the 
acquisition of technical expertise, particularly in modern biotechnological methodologies, including DNA 
handling, amplification, sequencing and analysis. Although the ultimate goal of developing gene transfer 
capability for a VA mycorrhizal fungus has not yet been realised, a vast ameunt of highly-significant. 

background research has been successfully completed. This project has extensively increased the 
understanding of VA mycorrhizal fungi and the future direction for the eventual completion of this project 
has been designed. To date, results obtained have been disseminated in 12 conference presentations, four 
refereed or edited publications, three GenBank DNA sequence submissions, and two Ph.D. theses. A 

number of further publications in refereed journals is anticipated. 
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Research Obiectives: 

This project was conducted to develop gene transfer technology for species of the genusGigaspora.This is one of six zygomycete genera of vesicular-arbuscular mycorrhizal (VA mycorrhizalor VAM) fungi that colonise plant roots forming mutualistic symbioses. These fungi are considered tobe extremely benefi"ial to their host plants, especially in poor, marginal and unfertilised soils.Consequently, the vast majority of research on VA mycorrhizae has concentrated on those benefits thatplants can accrue from the fungal symbiont. The ability to genetically manipulate the fungal componentcould conceivably lead to further improved growth characteristics of the host plant. Such surrogatetransformation systems would be highly innovative and have now been developed with other symbioses(e.g. Murray et al., 1992). Despite approximately 100 years of VA mycorrhizal research, however, thereis still virtually no understanding of the biology of the fungal component species. Consequently, thisproposed development of a transformation system for a VA mycorrhizal fungus required fundamentalresearch in a number of sub-project areas designated Specific Objectives I to 6 outlined below: 

Specific Obective: 1. To develop rrethods for the routine production of non-contaminated VAMI 
fungal hyphae. 

It is not possible to culture VA mycorrhizal fungi in the absence of plant roots. Consequently,it is necessary to use methods that allow niycorrhizal growth, which are not contaminated with othermicroorganisms, if workable amounts of VA mycorrhizal fungal material are to be generated. Severalapproaches to this problem were tried, from germinating VAM fungal spores through to attempts to
gcenerate axenic VA mycorrhizas with Agrobacterium rhizogenes proliferatedwork was root organ cultures. Thisnot innovative but juSt sought to determine the optimal approach from pceviously publishedmethods. 

Soecific Obective: 2. To establish enzyme systems and conditions for efficient protoplast release 
'rom VAM fungal hyphae. 

Protoplast technology can be an easy approach to gene transfer and genetic analysis due to easeof preparation of protoplasts and of reversion to cellular forms in some fungi. Exchange of geneticmaterial betwcveen protoplasts of somatically or sexually incompatible fungi can be accom plished in asimilar mariner to sexual breeding. Application of protoplast technology could contribute significantly toincreasing knowledge of the genetics of VA mvcorrhizal fungi as conventional methods of genetic analysisby recombination studies is not possible. Protoplasts might be useful for transformation of VAmvcorrhizal fungi and transformation mav allow localised expression of beneficial genes it"plant roots.The development of protoplast technology has not been reported previously for any species of VA
 
rriycorrhizal fungus.
 

Specific Obective: 3. To investigate the nuclear division cycle in VA mycorrhizas. 

The purpose of this study was to identify events of mitosis in the VA mycorrhizal fungi,decipiens and G.rosea.This information is necessary, G. 
to choose an appropriate stage of the lifecycle ofGigasporathat could be targeted for transformation. The stage chosen must be one where mitosis occursso that foreign DNA introduced via transformation is likely to integrate and segregate to daughter cells,thereby perpetuating the introduced DNA. Dividing nuclei are ikely to be a prerequisite for successfultransformation (Timberlake pers. comm.). There are no known reports of the process of nuclear divisionin VA mycorrhizal fungi and the occurrence of DNA synthesis in preinfection hvphae after spore

germination is unresolved. 
Nuclei and nuclear events are usually difficult to study in fungi due to the small size of *he nuclei(usually less than 3 ,m in diameter), with limited visible chromosome condensation (e.g. Saccharomyces)and little differentiation of the chromatin into euchromat'n and heterochromatin (Mauseth, 1991). Theseproblems are compounded by the coenocytic state of many fungal cells and the occurrence of processes 
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in fungal mitosis that differ from those of what could be considered "classical mitosis" exemplified bythe somatic nuclear division in higher eukaryotes like the angiosperms. Although fungal mitosis has thesame result as classical mitosis, that is the separation of replicated chromosomes to opposite poles of thespindle microtubules, the events leading to this outcome vary considerably. During fungal mitosis thespindle microtubules are commonly formed intranuclearly and the nucleolus may persist during nuclear
division (Sansome, 1989).

Zygomycetous fungal hyphae, which includes VA mycorrhizal fungal hyphae, are profuselybranched, thick walled and coenocytic with numerous minute nuclei (Atkinson. 1918). Robinow (1957ab)conducted studies on the nuclear cytology of some members of the Mucorales - Zygomycetes (e.g.Rhizopus, Mucor, Phycomyces) and observed that vegetative nuclei were of variable shapes. Examinationof nuclei from vegetative hyphae fixed with acetic acid-alcohol and stained with acidacetocarmine or HCI-Giemsa showed nuclei were 
fuchsin,

commonly round, oval or pyriform and elongatedclavate nuclei were less common. As no distinct changes through interphase to metaphase were observed,possibly due to the staining methods used, mitosis could only be described in terms of changes in nuclearshape. Nuclei about to enter division were recognized by their increased size and the relatively longdistance separating them from other non-dividing nuclei. Nuclear division was accomplished in 2-4 minfor Mucor hiemalis and M.fragilisand was described as "nuclear elongation followed by constriction atthe centre." Nucleoli also divided by elongation and constriction. Nuclear division in these zygomycetousfungi takes place within an intact nuclear envelope and the microtubules initially develop at one end ofthe elongated nucleus (McCully and Robinow, 1973). 

Specific Obiective: 4. To isolate genomic DNA from VAM fungal hyphae or protoplast suspensions. 
A range of published DNA isolation protocols were assessed for their usefulness in liberatinggenomic DNA samples from species of Gigaspora.DNA isolation was a pre-requisite for transformationvect',r development, promoter isolation and polymerase chain reaction (?CR) amplification studiesconducted under specific objectives 5 and 6. 

Specific Obiective: 5. To deve!op gene transfer technology for a VAM fungus of the genus 
Gigaspora. 

The development of a transformation system for Gigaspora would allow the introduction ofgenes
tom both plant and microbial sources to be introduced into the ftingus that 
 may lead to a betterunderstanding of the VA mycorrhizal symbiosis at a molecular level. There are several candidate genes
that could be introduced into the fungus should 
a transformation system he developed, such as genesencoding the production of phytohormones that stimulate root and mycorrhizal development. Harley and
Smith (1983) reported that IAA (indoleacetic acid) promotes root growth 
 and enhances mycorrhizalsymbiosis. It can be speculated that the introduction of a gene encoding I.AA production into VAmycorrhizal fungi may lead to further understanding of the role of phytohormones in mycorrhizalformation and function. One can further speculate that genes for substances repellent to soil insectsnematodes could be introduced into VA mycorrhizal fungi. The~e transformed fungi could be used 
or 
toreduce the cost of pesticide input in agriculture. Similarly, genes for more efficient absorption andtranslocation of nutrients from tothe soil the plant would greatly increase the importance of VAmycorrhizal fungi as biofertilisers. For example, genes encoding enzymes such as phosphatase or nitratereductase, could influence nutrient availability or alleviate various edaphic stress factors. Additional genesof agricultural importance are those encoding proteins involved with plant osmotolerance, plant diseaseresistance and plant resistance to pesticides. The advantage of introducing these genes into the fungus isthat the plants could possibly benefit without being subjected to bioengineering themselves. TransgenicVA mycorrhizal fungal inocula may effectively substitute for fertilizers and/or pesticide inputs inagriculture. However, the ultimate goal should be to develop improved funal strains for use as inocula

in agriculture.
Another advantage of introducing genes into VA mycorrhizal funci is that genes for root relatedfunctions can be restricted to expression by the fungus. Thus the plant benefits from the gene productwithout the gene being present in the plant genome. This is obviously a more desirable situation since 



in many parts of the world genetic manipulation of food plants is viewed with suspicion by most 
consumers. 

Through the development of a transformation system for VA mycorrhizal fungi it may be possibleto develop a means of growing these organisms in pure culture without the loss of any mycorrhizal
function or traits. 

There is likely to be inexhaustible scope for research should a transformation system for VAmycorrhizal fungi develop. However, in considering strategies to improve symbiosis it will be importantto avoid non-target effects that could disrupt the balance among rhizosphere components. The generalintention of the research should be to optimise the plant-fungus symbiosis through genetic manipulationof the fungal component without impairment of the components of the rhizosphere ecology that may be
supportive to that symbiosis. 

Specific Obiective: 6. 	 To utilise the Polymerase Chain Reaction (PCR) for identifying and 
monitoring VAM fungal DNA. 

In fungi and other eukaryotes, genes for nuclear large, nuclear small and 5.8S rRNA areorganised as a tandemly arranged head-to-tail array (nuclear small-5.8S-nuclear large), repeatedtypically around 100 times along the length of a single chromosome (Schweizer et al., 1969; Free etaL,1979; Barnitz et al., 192). Repeat units are separated by nontranscribed spacers (NTS), while internaltranscribed spacer (ITS) sequences separate genes. Each unit is transcribed as an intart precursor whichis processed into mature nuclear small, 5.8S and nuclear large rRNAs. Selection of a region of rDNAfor analysis depends on the taxonomic level of interest as segments evolve at different rates. Comparativeanalysis of sequences within nuclear small rDNAs has been routinely used for phylogenetic and taxonomicevaluation mainly above the genus level as this molecule gives good resolution at these evels and sequences of nuclear small rDNA subunits from many organisms are available for comparison (Van dePeer et al.. 1992; Ward et al.. 1992). Spacers are noncoding sequences that are not conserved. Theyprovide areas for examination of recent evolutionary divergence between or within species (White et al.,1990; Metzenberg. 1991). Intraspecific variation of ITS sequences isusually fairlv low (3 to 5%) betweencloselv related fungal species, but high between distantly related species and 'between related genera(Gardes er al.. 1991: Mitchell et al.. 1992; Egger and Sigler. 1993). O'Donnell (1992). however, foundsicnificant (4.6 to 14.3%) variation between ITS sequences of Fusariumsarnbucinwm isolates. AnalysisoWITS sequences for taxonomic and phylogenetic studies isnow becoming more frequent and the quantityof sequence data available for this region has increased considerably (Baura et al., 1992; Carbone and
Kohn. 1993).

Sequence information can be derived from rRNA or rDNA by direct methods or indirectly bycloning the molecules into a vector before sequencing. Direct sequencing of rRNA may be hindered bythe thermal stability of ribonucleases, difficulty in isolating good quality rRNA and the inability ofreverse transcriptase transcribe regionsto 	 of strong secondary structure (Embly, 1991). As rRNAsequencing provides information from only one nucleic acid strand it is impossible to resolve ambiguities
by comparison with the opposite strand. Also, post-transcriptional editing of rRNA in some organisms
means that sequences of functional rRNA molecules may not be accurate reproductions of gene sequences
(Bruns et al., 1991). In contrast, sequencing of rDNA may be preferred because of the greater ease ofDNA isolation and of sequencing both DNA strands, where necessary. Nucleotide sequence analysis hasbeen simplified by application of the polymerase chain reaction (PCR), either for direct amplification andsequencing of DNA fragments or for amplification of DNA fragments to be subsequently cloned and 
sequenced.

The polymerase chain reaction is a biochemical method for greatly increasing the quantity of aspecific nucleic acid sequence of DNA or RNA over its original concentration and over the concentrationof other nucleic acids present in the reaction (Saiki et al., 1985; Mullis etal., 1986; Saiki et al., 1986).PCR requires several components in reaction mixtures: (1) target sequence, (2) two oligonucleotideprimers significantly complementary to ends of the target sequence on opposite strands designed so thattheir 3' ends point toward each other along the intervening sequence, (3) DNA polymerase catalysing5'-3' extension of primers, and (4) appropriate concentrations of dNTPs and a divalent cation (usuallyMg-'). Buffered reactants are mixed, usually overlaid with mineral oil to prevent evaporation and 
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subjected to repeated thermal cycling consisting of 90 to 99 *Cfor separation of double stranded DNAinto single strands, and 30 to 75 *Cfor annealing of primers to single stranded templates and synthesis
of new strands by primer extension.

After the first cycle of denaturation, primer annealing and primer extension,undetermined length new fragments ofare created, if the desired fragment is part of a longer molecule. These fragmentsprovide at least half of the templates in the next cycle. In the following cycles, fragments containingtarget regions accumulate as their lengths are limited by the spacing af primers along newly formedtemplates. Concentration of short fragments increases almost e "onentiallv while concentration of otherfragments increases linearly, so that me target regions eventually form the detectable producs whencycling ends. Originally, DNA poiymerase I was used but thermostable DNA polymerases are now used,which avoid the repeated addition of enzyme. As thermostable polymerases have temperature optima near70 *C,three stage thermal cycles consisting of separate annealing and extension temperatures are usedwhere primer-template annealing occurs at a lower temperature than primer extension. Advantages ofPCR include the specificity of amplification even of a single copy target sequence in a nuclear genomeand the fact that minute quantities of terplate are required (Bej et al., 1991).
Since PCR was first described, the technique has been modified in a number of ways. 
 In oneexample, primer concentrations in reaction mixes may be altered so that the end product is single-strandedDNA. Production ofsingle-stranded DNA by PCR utilises unequal, or asymmetric, primer concentrationsso that initial cycles produce double stranded DNA (dsDNA), but as the low-concentration primerbecomes depleted, further cycles entail annealing and extension of the high-concentration primer togenerate an excess of one strand, which can then be sequenced using the complementary PCR primer(Gyllensten and Erlich, 1988; McCabe, 1990). Appropriate concentrations of dideoxynucleotides may beincluded inPCR mixtures for direct sequencin- of PCR products (Engelke et al.. 1988; Ruano and Kidd,1991). The design of the 5' ends of primers can facilitate cloning of PCR products (Scharf. 1990).Species identification of VA mycorrhizal fungi by standard methods can be difficult for untrained
persons and involves characteristics of spores that are 
 usually produced outside of the host plant.Molecular approaches to species identification would allow the monitoring of VA mycorrhizal fungi
through all stages of the life cycle and in the field. Such capability would he essential for monitoring the
progress of genetically-altered fungi. Comparative analysis of nuclear rDNA sequences can provide
information for use in analysis of phylogenetic and taxonomic relationships tf rganisms. Investigations
were aimed at determining whether rDNA regions of the VA mycorrhizal fungus G. margaritacouldprovide sufficient information for design of PCR primers for species identification. The genus Gigasporawas chosen as there are only six recognised species, their morphological characteristics are well defined.and a local isolate of a VA mycotrhizal fungus identified as G. margaritat was available for study.Sequences selected for evaluation were the internal transcribed spacers flanking the 5.8S rRNA gene. assequence divergence in the ITS may be adequate for identification of individual species and generalisedPCR primers for amplification of these regions from fungi have been defined (White et al.. 1990). Theseprimers are complementary to conserved regions of nuclear small. 5.8S and nuclear large rRNA genes(Figure 1)and allow amplification of the 5.8S rRNA gene and flanking internal trans,:ribed spacers. ITSA
and ITSB. 

ITS I ITS3 

nuclear small 5.8Snula rrDNA ITSA rDNA ITSB rDNA 

ITS2 ITS4 
Figure 1. Locations of PCR Primers on Nuclear rDNA 

Arrowheads represent 3' ends of primers. Diagram not to scale. 
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Primer pairs ITSI+ITS2 are used for amplification of ITSA, primers ITS3+ITS4 foramplification of the 5.8S rRNA gene and ITSB, and primers ITSI + ITS4 for amplification of both spacersand the 5.8S rRNA gene. The sequence of primer ITS2 is complementary to that of ITS3. 

The whole project was additionally supported by the University of the West Indies, whichorganised laboratory upgrading and facilitated some travel and training components. Aspects of travel,training and conference attendance were also supported by the U.S. Board on Science and Technology
for International Development (BOSTID). 

Methods and Resultis: 

Specific Obiective: 1. To develop methods for the routine production of non-contaminated VAM 
fungal hyphae. 

a. 	 hr vitro VA mycorrhizal spore germination. 

Germination represents phase of the VAa crucial 	 mycorrhizal fungus lifecycle since anassociation with host roots must soon follow to ensure prolonged survival of the fungal symbiont. Sporesof G.decipiensand G. roseaused in the following germination experiments were obtained from INVAM,Florida and extracted from separate mature pot cultures. Spores were extracted from the potting mix bywet sieving and decanting tllowed by sucrose centrifugation. The spores were surface-decontaminated 
in 5 % (w/v) Chloramine T. 

i. 	 Determination of the effects of selected enzymes on spore germination: Chitinase (1.0units ml[') prepared from Serratiamarcescens (Sigma), pectinase (6.9 units ml*') from Aspergillus niger(Sigma). cc-glucanase (3.i units ml-') from Saccharomyces (Sigma), hemicellulase (0.22 units ml[') fromA. niger (Sigma) and cellulase (3.2 units ml" ) from Trichoderna reesei (Sigma) were used at aconcentration of I mg ml*' (1 rng in " of each enzyme was equivalent to its units m[" stated above) andfilter-sterilised (0.22 jum pore size). Aliquots of 1.0 ml of each enzyme concentration, or sterile distilledwater, were separately dispensed into the 3.4 ml wells of sterile multiwell dishes (Nunclon Multidishes.Nunc. Denmark) with each well containing a surface-decontaminated spore of G. rosea. The five enzymetreatments and the control were randomly assigned to different positions within an incubator set at 28"°C.Each multiwell dish represented a particular enzyme treatment or the control. In each dish 20 wells wereused giving a total of 20 spores for each treatment and the control. The dishes were sealed with parafilm.The spores were examined daily for 30 d using a binocular microscope (Wild Heerbrugge type 352873)
at xlOO 	magnification.


Aspore was considered to have begun germination if a hyphal protrusion, other than the residual
hyphal 	 attachment, emerged through the spore wall. Germination was considered established if a 
germtube hypha had grown to a length of 5 mm. No spores germinated in the chitinase, pectinase, aglucanase or hemicellulase solutions. A maximum of 85 % of G. rosea spores (17 out of 20 spores)
germinated in 3.2 units ml[ cellulase from Trichodermareesei after 14 d. 

ii. Determination of the effects of different concentrations of cellulase from T. reesei onspore germination: These experiments were done to test the repeatability of the observation obtained withcellulase in the previous e,(periment. to determine if different concentrations of cellulase would also elicitgermination and to determine if cellulase would promote germination with another species of Gigaspora.The design of these expci inents. the results obtained, the statistical analyses of the data, and a discussionof the possible causes have been published (Persad-Chinnery et al, 1992). A copy of this paper isincluded as Appendix I. Whatever the cause of enhanced Gigasporaspore germination by cellulase at 3.2units ml'. it is an interesting and consistent observation and is now routinely used in our laboratory for 
in vitro spore germination. 
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b. Production of axenic extraradical hyphae of VA mycorrhizal fungi 

i. 
 Regrowth hyphae of VA mycorrhizal fungi from colonised roots: In this experimentproduction of aseptic extraradical hyphae from leek roots colonised in pot cultures by G. decipiens andG.rosea was investigated. Samples of roots from pot cultures containing leek plants colonised with G.decipiens or G. roseawere removed and stained with chlorazol black E for presence of VA mycorrhizalfungi. Further root samples were taken from pot cultures in which mycorrhizal colonisation was greatest,gently washed in tap water, then in distilled water and surface decontaminated in chloramine T solution"
(50 g 1d)containing 0.05% Tween 80 for 5 minutes or 10% commercial bleach (KeneTM ) for 1,2 or 4minutes. Roots were rinsed three times in sterile NaCI solution (10 g I") containing 0.05% Tween 80,once in sterile distilled water and cut into I cm lengths. Terminal 5 mm lengths of root tips werediscarded as these were unlikely to have been colonised.
Bovine serum albumin (BSA) (20 g P
")containing penicillin and streptomycin (500 pg m[-' each)was prepared, filter sterilised and 0.75 ml aliquots were dispensed into wells of 24-well tissue culturedishes (Bellco Biotechnology). Surface decontaminated roots extracted from pot cultures were incubatedin this medium. One or two root pieces were placed in each well of the multiwell dishes and dishes weresealed with parafilm. About 200 root pieces in total were used in this experiment. Dishes were sealedwith parafilm, incubated at 28 'C in the dark and inspected daily under a dissecting microscope.Colonisation rates of roots from pot cultures were low. About 50% of the roots stained andexamined did not show intraradical hyphae and arbuscules characteristic of VA mycorrhizal fungi. Atleast 33% of root pieces treated with liquid bleach solution became contaminated with fungi by the endof the first week of observation regardless of surface decontamination time. After a month in BSA thecontamination rate of these root pieces increased to 60-80%. Contamination of roots that were surfacedecontaminated with chloramine T was minimal in the first week but increased during the course of theexperiment. Hyphae were observed extending from a few of the root pieces in BSA after about 7 days.Hyphal growth did not extend beyond 500 pm and eventually cultures hecame contaminated. Furtherexperiments showed that increasing either time of exposure of the roots to chloramine T or strength ofthe solution, resulted in a reduction in contamination but also in the number of cultures in whichextraradical hvphae were apparent. 

ii. Axenic culture of VA mycorrhizal fungi with onion and grass seedlings: The aim of thisexperiment was to produce whole plants with uncontaminated roots that could he colonised by G.decipiens and/or G.rosea in culture to produce axenic extraradical hyphae. Although roots need not beattached to whole plants for mycorrhiza formation, it was thought that these roots Would exhibit greatergrowth and that actively growing roots might be more susceptible to mvcorrhiza formation.Seeds of onion and carpet grass were washed indistilled water and surface decontaminated withchloramine T solution (50 g l')containing 0.05% Tween 80. for 15 minutes. Seeds were then rinsed 3
times in NaCI solution (10 g 1
 ")containing 0.05% Tween 80, once in sterile distilled water, transferred
to moist filter paper in Petri dishes and incubated at 28 
 °C in the dark. Uncontaminated seedlings weresubsequently transferred to sterile media for dual culture with germinated spores. Sterile Murashige andSkoog Basal Salt (MS) medium and Murashigt. and Skoog Modified Basal Salt (MSM) medium, solidified
with 10 g I" agar (Difco Bacto) 
were poured into plastic Petri dishes. After the media had set. a hot.sterile metal rod was used to make depressions in the sides of both halves of the dishes, such that whenthe dish was closed a small hole, 0.3 cm diameter, flush with the surface of the agar was formed (Koske.1982). These plates were used for growth of onion and carpet grass seedlings.Spores of G. decipiens and G. rosea extracted from pot cultures, were surface decontaminated.Spores were transferred to 24-well tissue culture dishes containing 0.75 ml per well of a (3.2 units ml ")
cellulase solution. One to four spores were incubated per well and monitored fr germination
contamination using a dissecting microscope. 

3nd 
Two-week old seedlings were transferred to MS and MSM plates (I seedling per plate) and placedsuch that their emerging roots were on the medium and the upper half of each plant was protruding fromthe dish through the depression (Koske, 1982). Lids of the dishes werein line with replaced with their depressionsthose of the bottoms and the holes were sealed with sterile lanolin. Dishes were then 
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completely sealed with sterile lanolin and covered with aluminium foil leaving the plant stems exposed. 
Dishes were incubated vertically 2 m away from two fluorescent lamps (40 W each) at 24 °C andmonit, ;ed daily. After a week, uncontaminated seedlings were inoculated with a germinated spore of G.
decipiens or G. rosea and resealed. 

The germination rate of mature spores of G. decipiens and G. rosea isolated from pot cultureswas about 40% in cellulase sOlution after 4 to 7 d. Contamination rate of spores was less than 10% after4 weeks. Inthe first week over 50% of dishes were discarded due to fungal contamination. Seedlings thatremained uncontaminated were inoculated with G.decipiens or G. roseaspores. buz all died during thefollowing 3-4 weeks. Staining of roots of inoculated seedlings showed that germ tube , of VA mycorrhizalfungi had not penetrated the roots. This method was repeated several times and seedlings that had beensurface decontaminated in various concentrations of chloramine T solution (10-50 g 1") followinggermination were also used. Contamination was reduced but seedlings all died within 2 weeks with this 
treatment. 

iii. Culture of VA mycorrhizal fungi with root organ cultures of watermelon and leek: In thisexperiment axenic root organ cultures of leek and watermelon were prepared and inoculated withgerminated spores of G. decipiens or G. rosea in agar cultures. This was done to produce root culturescolonised by the mycorrhizal fungi which wouid generate axenie extraradical hyphae.Vermiculite, size 2/3/4. (Grace/Sierra Horticultural Products Company) was passed through a2 mm sieve to remove the fine particles. Coarse particles were retained, oven dried and dispensed in 5-6g aliquots into 2 cm deep Petri dishes. Dishes were autoclaved twice for 30 minutes on two consecutivedays before 28-30 ml sterile Murashige and Skoog (,MS) solution was pipetted into the Petri dishes. MSmedium solidified with agar (10 g ") was prepared and poured into 2 cm deep Petri dishes. ModifiedWhite's (MW) solution was prepared and used for culture of excised roots, while MS+vermiculite andMS+agar media were used for dual culture of roots and germinated spores.A method was developed to produce aseptic excised root cultures of watermelon. Seeds ofwatermelon were germinated on moist filter paper in sterile Petri dishes, after which 3-4 cm of apicalportions of fast growing radicals were excised, surface decontaminated in a solution of Chloramine T (50g 1 ) containing 0.05% Tween 80 for 3 minutes. Roots were then washed three times in sterile NaCIsolution (10 g ") containing Tween 80 and rinsed insterile distilled water. Excised roots were transferredin groups of 2-5 to 50 ml of MW solution amended with penicillin and streptomycin (500 pzg ml*1 each)in 125 ml flasks and incubated with shaking (120 r.p.m.). Roozs were grown for about 15 days at 28 Cin the dark before being transferred to IS+vermiculite plates or MS+agar plates. This procedure wasrepeated with seeds of leek. Spores of G. decipiens and G. rosea were extracted from pot cultures and
prepared as previously described. 

MS+vermiculite plates were ino.:ulated with 1-2 excised watermelon roots and MS+agar plateswith 1-2 excised roots of watermelon or leek. One to four germinated spores were aseptically transferredto each plate using a micropipette. Plates were inoculated using spores grown for different lengths of time
after germination: 
 1-3 days, 4-7 days, or 8-14 days. Spores were r!ac d in a variety of positions relativeto roots: adjacent to. or within 1cm of the main root near the :egion where lateral roots arose; adjacentto lateral roots; or 1-2 cm away from roots. Plates were sealed with two layers of parafilm, incubatedin the (lark at 28 °C and hyphal growth was monitored with a dissecting microscope. Samples of rootswere taken at intervals and stained to assess colonisation. Modifications of MS solution in MS+agarmedium were also tested: phosphate (KH-PO) was varied from 0 to 40 mg 1 in increments of 10 mg. ,;KNO, or NHNO, were used as sole nitrogen source; sucrose was varied from 5 to 15 g "; the pHbefore autoclaving was 
" 
varied from 5.5 to 7.0 in increments of 0.5 units; and agar concentration wasvaried from 5 to 10 g . Excised roots were also cultured in NV containing 10 mg 1" KHPO, before

transferring to MS plates.
Most of the root cultures in MW solution became contaminated by what appeared to be a singlespecies of bacterium. A series of sensitivity tests using different antibiotics showed that chloramphenicolat a concentration of 16 Yg m' was inhibitory tc the contaminant. MW medium was subsequentlyamended with 16 ug ml[' chloramphenicol and contamination reducedwas to less than 10%. Roots,however, grew very slowly in this medium. This concentration of chloramphenicol is reportedly toxic 
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to plant cell cultures (Pollock et al., 1983). Surface decontamination of seeds before germination was alsoattempted, but germination rates were very low, roots poorlygrew and were contaminated whentransferred to tissue culture. Although initially they appeared healthy, excised leek roots did not to growin culture and further dual culture experiments were set up with watermelon roots as plant material.In dual cultures with vermiculite as substrate, contamination rates were higher than on agar.Growth of contaminating fungi was frequently observed within the first week after inoculation onvermiculite and most cultures (75%) were discarded within 4 weeks. To reduce contamination, the coarsevermiculite fraction was autoclaved for a further 30 minutes on the third day (following two 30 minuteperiods on previous days) before adding media, but this did not significantly decrease contamination.There was no observable change in watermelon or leek root morphology when compared to controls, incultures with germinated spores. Germ tubes that were not initially in contact with watermelon roots didnot show directional growth toward roots but appeared to grow randomly across the medium, sometimesmaking contact with roots. Staining of roots showed no evidence of penetration regardless of initialposition of spores, age of germ tubes or modifications of MS medium. After several weeks in dualculture, elongation of the main root tip and production of new laterals slowed and some rootssubsequently turned brown. Dual cultures of watermelon roots and Gigasporaspp. were maintained inMS+agar medium for as long as 5 months without forming mycorrhizas. 

iv." Culture of VA mycorrhizal fungi with Ri-T DNA transformed root organ cultures ofcarrot: Root organ cultures of carrot transformed by Agrobacterium rhizogenes were prepared in orderto take advantage of the increased growth of transformed roots over nontransformed roots such as thoseused in the previous experiment. It was felt that this increased growth might also result in greatermycorrhizal potential. Transformed roots were cultured with germinated spores of G. decipiens and G. rosea in agar media.
Modified White's (MW) medium was used for culture of transformed roots while minimal (M)medium was used for culture of transformed roots with germinated spores. Transformed carrot root organcultures were prepared following the method of Bcard and Fortin (1988). Carrot tap roots were scrubbedclean, surface decontaminated in NaOCI (20 g ")for 20 minutes and rinsed in sterile distilled waterbefore being sectioned transversely into 5 mm thick slices. The slices were placed on water agar (10g ")in Magenta boxes and A. rhizogenes was inoculated on the upper surface tf the sectitons. A loopful ofbacterial suspension taken from a 2-day old culture was used as inoculum and root slices were incubatedin the dark at 28 'C. Uninoculated carrot root slices were used as controls.
Three weeks after inoculation with A. r.',zogenes, transformed
inoculated sections roots proliferating on thewere aseptically excised and transferred to Magenta hboxes containing MW mediumprepared with or without agar and supplemented with 500 ma ml' carhenicillin or 500 /ug ml['cefotaxime. or both. Root cultures were monitored daily for bacterial contamination. When bacterial


growth was observed on the medium, transformed roots were transferred to fresh MW medium or liquid
medium amended with antibiotics. Several transfers to fresh medium were necessary to produceuncontaminated transformed roots. Transformed carrot roots grew prolifically on MW medium andappeared healthy. A clonal culture was initiated from one root apex and maintained by suhc'ittuingfortnightly on MW medium. Roots were incubated in the dark at 28 *C.Tips (Icm long) of lateral roots from the clonal culture were excised and grown individually onM medium in Magenta boxes or Petri dishes for 20 days. Germinated spores (1-5 per plate or box) ofG.decipiensor G. rosea were transferred to positions on the media such that germ tubes were either nearthe region where primordia for new lateral roots are usually formed, or touching that region. Spores werealso placed further away (1-2 cm) from roots, near, or in contact with. lateral roots. Spores wereroutinely used within 3 days of germination, but some cultures were inoculated with spores grown forup to 14 days following germination. Plates and boxes were sealed with parafilm and incubated at 28 'Cin the dark. Cultures were monitored for fungal growth and for contamination withmicroscope. Roots were sampled at intervals and stained for mycorrhiza firmation. 
a dissecting 

Inseveral further experiments, lengths of lateral roots excised from the clonal culture were varied(1 to 4 cm) and grown on 
medium were 

M medium for 2 to 4 weeks prior to adding inocuhtim. Mlodifications of Malso tested in which the quantities of some components were altered. In the following 
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examples. standard concentrations of components were replaced by the concentrations indicated (1)40%phosphate stock, (2)sucrose (5 g 1'), (3)40% phosphate and sucrose (5 g l'), (4) 40% macronutrientstock, and (5)sucrose (5 g ['), 40% phosphate and 40% macronutrient stock. The pH or"M medium wasalso varied from 5.0 to 7.0 and the period of autoclaving was changed from 15 minutes to 10 minutes.Growth of carrot roots was slower on M medium than on MW medium. Hyphae from several spores in dual culture with carrot roots grew over and into the medium, across and along roots andbranched extensively. Auxiliary cells were formed on some branches. After 2 to 3 weeks, hyphae hadmade contact many times with roots in some cultures. Staining of roots from dual cultures showed,however, that hyphae had not penetrated the roots. Age of germ tubes at time of inoculation did not affectpenetration of roots. Neither modifications to M medium nor altered time of autoclaving lowered theresistance of roots to colonisation. Uncontaminated dual cultures were maintained for up to three months
without hyphal penetration of roots. 

v. Establishment of VA mycu'rhizas in root boxes: Glass plates of dimensions 25 cm by 15 cm were separated by strips of perspex, 5 mm thick and 1cm wide, that were placed at the two sides andthe bottom of the plates. A 5 mm space was left between the vertical and horizontal strips of perspex toprevent waterlogging and anaerobic conditions at the bottom of the box. The boxes were filled withpotting mix and a leek seedling and five spores of G. decipiens or G.rosea were placed in the soil at thetop of the box. The boxes were wrapped in aluminum foil an 'laced at an angle of 45 'C to the verticalin grooves made in a wooden plank. This method was devised to promote the downward growth of theroots along the lower glass plate. The boxes were monitored weekly at xlO0 magnification to evaluatethe development of extraradical hyphae. Mycorrhizae formed readily under these conditions. Boxes withmoderate to extensive extraradical hyphal growth were removed and the roots and hyphae were used for
nuclear cytological studies. 

Specific Obective: 2. To establish enzyme systems and conditions for efficient protoplast release 
from VAM fungal hyphae. 

Inthese experiments, the ability of commercial lytic enzymes to induce protoplast formation fromhVphae of G.decipiens and G.rosea was investigated. Hyphae were incubated in several combinationsand concentrations of lytic enzymes, and solutions of KCI and sorbitol were also tested for their effects

in facilitating enzyme action.
 

a. Analysis of commercial lytic enzyme preparations. 

Spores of G. decipiens and G.rosea were recovered from pot cultures, surface decontaminatedand then germinated in groups of 5-8 in 2.5 ml cellulase solution (3.2 units ml') in Falcon 6-wellMultiwxellTM tissue culture dishes. Immediately before use, extraradical mycelium was recovered from potcultures as for spores, and either washed in distilled water only, or treated with chloramine T solution 
(50 g 11t) for 5-10 minutes and washed in sterile distilled water.


Commercial enzyme preparations used in these trials, their sources and activities, where known,
are presented inTable 1.Helix polnatia lytic enzyme (HPLE), a crude freeze-dried extract from the snailgut, was obtained from Dr. F. Kevei, Attila Jozsef University, Szeged, Hungary. Sterile stock solutionsof 1.1 M sorbitol and 1.2 Nt potassium chloride (KCI) were prepared for use as osmotic stabilisers.Enzyme mixtures were dissolved in 0.6 M KCI unless otherwise stated, centrifuged briefly to sediment
insoluble matter and filter sterilized. 



Table 1. Sources of Commercial Lytic Enzymes and Enzyme Mixtures Used in 
Protoplasting Trials. 

Enzyme Source organism(s) Activity 

Cellulase Aspergillusniger 5. 1 units mg'
 
Cellulase 
 Penicilliumfuniculsum "6.7 units mg1 

Cellulase Trichoder.aviride 4.4 units mg*1 
Chitinase Streptomyces griseus "4.0 units mgl
 
Driselase 
 Basidiomycetes 15% protein*
 
Hemicellulase 
 4spergillusniger "0.022 units mg 
Lysing Enzymes' Cytophagia sp. 25% protein* 
Lysing Enzymes Rhizoctonia solani 
Lysing Enzymes Trichodermaharzianum 80% protein*
 
NovozymT.M 
 234 Trichodermaharzianum
 
Pectinase 
 Aspergillusniger 10.5 mg protein ml 
Protease Aspergillus oryzae 0. 14 units mgr'
 
Protease Streptomyces griseus 
 :
 
Sulfatase H!L. ponatia "15.4 units mg' 

Activity of enzyme not known. 

In the first set of trials (IA to IE) varying concentrations of Novt)zvm (5-25 mg ml")and HPLE(1.5-12 mg ml[) were used. In the second set of trials (IF to IM)chitinase was included in the enzymemixtures. This method of adding another enzyme preparation in each subsequent set of trials was
continued using cellulase (trials IP to IW), hemicellulase (trials IAA to 
 lEE). lvsing enzymes (trials IFFto I1MM) and pectinase (trials 1PP to IWW).

Cellulase solution was 
gently pipetted away from uncontaminated wells of multiwell dishf.s
containing 3 c: more germinated spores and immediately replaced with 2.5 mi of appropriate enzyme
mixture. Spores were usually used 3-7 days after germination but enzyme rnixt'ires in trial IEand tralIM were applied to spores grown for I day and 14 days after germination. Trials IE and IM were a!sorepeated using a range of concentrations of KCI (0.4-0.8 M) and sorhitol (0.4-0.7 M) as osrr.oticstabilisers. Each enzyme mixture was used in 2 or 3 wells containing germinated -,pores and each set oftrials was repeated subject to availability of spores and enzymes. Extraradical hyphae of VA mycorrhizal

fungi extracted from pot cultures were placed in multiwell dishes and covered with 2.5 ml of enzymemixtures as above. Controls consisted of fungal material incubated inosmotic stahiliser only. Inall trials.dishes were incubated at room temperature (28-30 'C) oil a recirprocal shaker (-60 r.p.m.) and observedat 30 minute intervals for 4-6 hours under an inverted microscope (American Optical Biostar) at xl00magnification. Dishes were sealed with parafilm before overnight incubation and, if uncontaminated.
observed for a further 2-4 hours on the following day.

This investigation consisted of more than 30 trials (lone in duplicate or triplicate with lyticenzymes at several concentrations. Under the conditions in which enzyme cocktails were applied. no 
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protoplasts were released from hyphae of G. decipiens and G. rosea, even after overnight incubation.When high concentrations of Novozym (> 15 mg ml[') were used in enzyme mixtures. wal!s of germtubes observed under high magnification (x400) appeared to be partially degraded. After this observation,germinated spores were incubated in protease (5 or 50 mg ml-') overnight before and/or after treatmentwith enzyme mixtures IE. IM and IMM. These treatments did not appear to enhance further wall
degradation and did not stimulate release of protoplasts.

KCI and sorbitol were each used at different concentrations as osmotic stabilisers to investigatepossible effects on protoplast formation. Neither concentration of KCI or sorbitol nor age of germ tubesaffected protoplast release. In enzyme solutions containing extraradical hyphae that were not surfacedecontaminated, bacterial growth was visible after incubation for more than 3 hours. Chloramine Ttreatment reduced contamination significantly but walls of extraradical hyphae were not significantlydegraded by enzyme treatments and no protoplasts were formed. 

b. Inclusion of Aspergillus nidulans autolytic enzyme preparation. 

A second series of trials (2A to 2E) was conducted in the same way using the above enzymesdissolved in a crude autolytic enzyme preparation from Aspergillusnidulans (Isaac and Gokhale, 1982).Again no protoplasts were produced from germinated spores of G. decipiens or G. rosea. 

c. Inclusion of chitosanase enzyme preparations. 

It has been shown that Zygomycete fungi contain chitosan intheir walls (Bartnicki-Garcia, 1968).!t was asqumed that Gigaspora spp. could also have this polymer as a major wall constituent. Attemptsto find a commercial source of chitosanase were unsuccessful and two further series of experiments (3Ato 3EE and 4A to 4EE) were done that included chitosanase prepared either from a Bacillus pumilus
culture or from an actinormycete identified as Streptomyces no. 6.

The crude extract of B.pumilus culture (BPE) was stored at -20 'C and tested in mixtures withcommercially prepared lytic enzymes for its ability to release protoplasts from hyphae of germinatedspores ef G.elecipiens. BPE. Novozvm and HPLE were dissolved at various concentrations in0.6 MKCI(trials 3A to 3E). In subsequent trials, various concentrations of chitinase (trials 3F to 3M). lysingenzymes (trials 3P to 3W) and cellulase (trials 3AA to 3EE) were included in the enzyme mixtures.Enzyme solutions were filter sterilised and applied to hyphae of G.decipiens grown for 3-7 days after
germintation in 6-well tissue culture dishes. 

Extracts from /,.putnihs cultures used in conjunction with combinations of lytic enzymes did noteffect protoplast release from hyphae of G.decipiens even after overnight incubation.
Protein recovered from the culture filtrates of Streptomyces no. 6 (SLE) was tested for its capacityto release protoplasts from mycelium of the zygomycete Rhizopus stolonif r and from hyphae ofgerminating G. decipiens spores. These G. decipiens spores incubated mixtureswere in enzymecontaininig various concentrations of SLE with Novozym and chitinase (Trials 4A to 4M) to which were
added cellulase and hemicellulase 
 (Trials 4P to 4W) and lysing enzymes and sulfatase (Trials 4AA to4EE. Table 2). Enzyme mixtures were dissolved in 0.6 M KCI except in repetition of trials 4M and 4EEwhere enzymes were dissolved in varying concentrations (0.4-.8 M)of KCI containing 20 mM sodiumphosphate buffer (pH 7) and made up with or without 3 mM CaCI,. Trials 4M and 4EE were repeatedwith varying concentrations (0.4-0.7 M)of sorbitol replacing KCI. In controls germinated spores wereincubated in osmotic stabilisers only. Enzvrn mixture in trial 4M was also applied to spores that hadbeen grown for 1-3 days. 4-7 days and 7-14 days after germination. Dishes were incubated and observed 

as in previous experiments.
From 1.700 ml of Streptomyces culture medium approximately 100 mg of protein precipitate wasroutinely obtained. The enzyme mixture as made up in trial 4B, which consisted of SLE (0.75 mg ml'),Novozym (2.5 mg ml") and chitinase (0.5 mg ml"t) dissolved in 0.6 M KCI or 0.55 M sorbitol, wasoptimal for liberation of protoplasts from mycelium of R. sto!onifer. Novozym and chitinase alone atthese, or higher, concentrations did not induce protoplast production from Rhizopus mycelium. Differentbatches of SLE liberated protoplasts from Rhizopus at similar concentrations. After incubation of G. 
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decipiens hyphae for several hours on one day and subsequently overnight, in different concentrationsof several enzymes, examination showed that no protoplasts had been formed.stabiliser, pH or protease (5 to 50 mg ml" 	
Germ tube age, osmotic

prior to, or following, main enzyme treatments) had no effect 
on protoplast release from G. decipiens. 

Table 2. 	 Combinations and Concentrations of Lytic Enzymes Used in Protoplasting Trials 
4AA to 4EE 

Iytic Concentrations 	(mg ml"') of lytic enzymes 

enzyme Trial 	 Trial Trial 	 Trial Trial 
4AA 4BB 4CC 4DD 4EE 

SLE 3 	 5 10 	 15 15 
Novozym 5 5 10 10 10 
Chitinase 1.5 3 5 10 10 
Cellulase* 

- 10 
Hemiceilulase " 
 10 
Lysing enzymest 2.5 5 10 10 10 
Sulfatase 5 5 10 10 

SLE 	 = Streproinyces lytic enzyme.
 
= From Penicjlluinjmiculosura.
 
= From Trichodernaharzianun.
 

Specific 	Obiective: 3. To investigate the nuclear division cycle in VA mvcc rrhizas. 

a. Nuclear 	division within the fungal symbiont: 

Surface-decontaminated spores of G. decipiens or G. roseawere germinated in vitro in multiwelldishes containing 3.2 units ml"' cellulase, from T. reesei. or distilled water. Germtubes were defined asunbranched hyphal lengths of 5 mm or less produced by germinated spores. Hyphal lengths, sometimesbranched, inexcess of 5 mm but less than 2.5 cm were classified as moderately grown (MG) preinfectionhyphae from germinated spores. Extensively grown (E) preinfection hvphae those withwere totallengths greater than 2.5 cm. These hyphal designations were chosen to highlight differences in the nuclearcytology between "young" and "older" hyphae. Inmycorrhizas. those hyphae colonising plant roots weredefined as intraradical hyphae and those emanating from roots as extraradical hvphae. All of these hyphalcategories were screened cytologically by a range of techniques, some of which were designed 'in house'.Most of the techniques routinely employed used 4 ,6 -diamidino-2-phenylindole (DAPI) fluorescence tovisualise nuclei. Vast amounts of data were generated in this sub-project and the main findings are 
summarised below: 

i. 	 Definitively dividing nuclei were n- detected 	in germ tuhes and NIG or EG preinfectionhyphae. 	 Putative mitotic structures were visualized 	 in both intraradical and extraradical hyphae. 
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ii. 	 The average nuclear diameter in all preinfection stages was 3 r:m while the average

nuclear diameter in all mycorrhizal stages was 1 um. 

iii. 
hyphae. 

Paired nuclei were observed migrating from spores into germtubes and along preinfectionIn EG 	preinfection hyphae, if a mycorrhizal association was not established, then nuclei wereobserved to migrate into auxiliary cells or back into the spore. 

The results suggest that extraradical hyphae would be a suitable stage in the lifecycle of VAmycorrhizal fungi to targe': for transformation. 

b. 	 Nuclear division within plant roots: 

This study sought to investigate the possible effect VA mycorrhizal fungi may have on celldivision in the host. Roots were classified according to the degree of VAM fungal colonisation. Fivecategories were used to describe the level of colonisation: 0 - uncolonised roots; I - poorly colonised rootpieces with up to 25 %colonisation and arbuscules not necessarily present; 2 moderately colonised rootpieces with up to 50 % colonisation and arbuscules present; 3 - well colonised root pieces with up to 70% colonisation and arbus,:ules present and 4 - highly colonised root pieces with more than 70 %colonisation and arbuscules present. The meristematic regions from roots in each category were scoredfor their mitotic indices and for each mitotic divisional stage.
A decrease inthe mitotic index was observed with increasing infection (Figure 2). All the meansof the different levels of infection were significantly different from the control. With the exception ofmoderately and well infected roots, ail the means vets.sagnificantly different from each other (P<0.05).A comparison :f the same stage of mitosis for the different levels of colonisation showed thatthere was no signific-int difference between metaphase, anaphase and telophase. although the actual meanvalues were lower than that of the control. There was however a significant increase in the number ofmeristematic cells in prophase as the level of colonisation increased (Figure 3). 

Specific Oiective: 4. To isoate genomic DNA from VAM fungal hyphae or protoplast suspensions. 

Protoplast suspensions were not available and, although germinated spores with attached hyphae
were readily available, it wa!: considered unnecessary 
 to germinate the spores prior to DNA isolation.DNA was isolated from spores by a modification of the method used by Burggraaf & Beringer (1989).
Surface decontaminated 
 spores 	of species of Gigaspora were crushed in extraction buffer [0.45 mMEDTA 	 pH 9.0 . 1% $w/v) SDS. sodium salt. 10 mM 	Tris.Cl pH 8.0, 1 mg ml" proteinase K] andincubated for a minimum of 4 h at 37 'C. Microcentriflge tubes were spun at 1I600xg for 30 see toprecipitate the spore walls and proteirV/membrane/SDS complexes. Supernatant was transferred to freshtubes and DNA was precipitated with 7.5 LM ammonium acetate 	and 95 % ethanol. Dried DNA pelletswere dissolved in TE buffer (pH 8.0) and treated with 1 mg m[' DNase-free pancreatic RNase. Theamount of TE used to dissolve the DNA was dependent on how the DNA was to be used after isolation.Using this method it was possible to 
agarose 	gel. 

isolate DNA from single spores that could be visualized on anProtein 	 impurities, if detected, were normally removed by a phenol/chloroform/isoamylalcohol 	extraction and any remaining RNA was removed by a further treatment with I mg ml" RNase.The Gigaspora DNA obtained was 
purity. 	DNA from spores 

readily digestible with restriction enzymes, indicating its o
 "G. decioiens has been restricted with the following restriction enzymes:BamHl. BglII, EcoRl, Haelll. HindlI, XbA and XhoI. Restricted GigasporaDNA appeared as smearedlanes on agarose gels, while unrestricted, high molecular weight GigasporaDNA normally migrated asimilar 	distance to the largest fragment of the XDNA/HindHII standard (-23 kb). 
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Figure 2: Mean root mitotic index of A. cepa for different levels uif colonisation.
 
0 - uncolonised onion roots. 
 I - poorly'colonised, 2 - moderately colonised. 3 - well colonised and 4 highly colonised onion roots. Error bars are standard deviations of the means. 
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Figu'e 3: Mean percent dividing nuclei for the different levels of colonisation and the stages of 

mitosis. 

0 - uncolonised onion roots, I - poorly colonised, 2 - moderately colonised. 3 well colonised and 4 -highly colonised onion roots. Error bars are standard deviations of the means. 
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Two methods were used to quantify the DNA from spores of G.decipiens and G. rosea. In the 
first method, the amount of DNA was estimated based on the intensity of fluorescence emitted by 
ethidium bromide. The amount of fluorescence is proportional to the total mass of DNA. Thus the 
quantity of DNA can be estimated by comparing its fluorescence with that of a known series of standards 
(Sambrook et at.. 1989). Quantification of DNA isolated from 1, 2 and 3 spore samples of G. decipiens 
and G. rosea was made by comparison to the intensity of fluorescence of a known series of XDNA 
standards of 0.5. 1.0. 1.5. 1.7. 2.0. 2.5. 3.0. 3.4 and 5.2 ng ud." After four separate comparative gels
using 2 replicates of each spore sample in each gel it was crudely estimated that the amount of DNA 
within each spore of G. decipiens or G. rosea was between 1.0 and 1.5 ng. 

In the second approach. samples of DNA isolated from 1, 2, 3. 5 and 10 spore samples of G. 
rosea were sent to the Department of Genetics at the University of Georgia for a fluorometric 
quantification. A preliminary estimate of 1.7 ng DNA spore' for this species was obtained. 

Although estimates of the amount of DNA made by both methods of DNA quantification were 
preliminary they were similar to the estimate of 1.5 - 2.0 ng spore" of G. rosea made by Adolphe and 
Gianinazzi-Pearson (1993). 

Eight different methods for the preparation of template DNA for PCR from Gigasporaspores 
were investigated. Of these methods, only a further modification of the Burggraaf and Beringer (1989) 
method. presented above. gave consistent amplification. Inthis modification. DNA was isolated from 200 
spores in the extraction buffer, precipitated using NaCi/ethanol, extracted three times with 
phenol/chloroform/isoamyl alcohol. reprecipitated with no additional salt, pelleted and resuspended in 5 
to 25 ,a TE. 

Specific Obiective: 5. To develop gene transfer technology for a VAM fungus of the genus 
Gigaspora. 

a. Sensitivity of VA mvcorrhizal fungi to antibiotics and construction of a plasmid encoding 
hygromycin B phosphotransferase. 

No known studies have been conducted on VA mycorrhizal fungi to determine their sensitivities 
to antibiotics. Antibiotics are commonly used as selectable markers in fungal transformation. The test 
ranges of antibiotics used in this study were determined from values established for other zygomycetous
fungi and an ectomycorrhizal fungus (Revuetta and Jayaram, 1986; Suavez and Esalvo, 1988; Barrett et 
at.. 1990; Yanai et al.. 1990; Burmester, 1992). The purpose of this study was to determine the 
sensitivity of G.decipiens and G.margaritato selected antibiotics or benomyl with the eventual aim of 
constructing a plasmid vector carrying an appropriate resistance gene under the control of a fungal 
promoter that could be used to transform Gigasporaspecies. 

Concentrations of 10, 15, and 25 utg ml ' geneticin (G418, Sigma); 5, 20 and 50 ucg mld 
"neomycin (Sigma). 2, 5. 7 #g ml[' hygromycin B (Sigma); 5, 20 and 50 ,g ml kanamycin (Sigma); and

"1, 2 and 4 14g ml benomyl (= Benlate from ICI) were separately made up in 3.2 units ml cellulase. 
Aliquots of 1.0 ml of each antibiotic or benomyl concentration in cellulase, or cellulase alone were 
separately dispensed into the 3.4 ml wells of sterile multiwell dishes (24 wells per dish). Each well 
contained a surface-decontaminated spore of G. decipiens. The 15 drug concentrations and a control were 
arranged as four blocks randomly assigned to different positions within an incubator set at 28 C.A block 
consisted of eight multiwell dishes and each dish contained two treatments. Four replicates of 12 spores 
were assigned to each treatment. A total of 766 spores was used in this experiment. The dishes were 
sealed with parafilm. The spores were examined daily for 39 d using a binocular microscope at xl00 
magnification. Germinated spores and the extent of hyphal elongation were recorded. The data were 
analysed by analysis of variance and the means were separated by Tukey's honestly significantly
difference test (Zar. 1984). The results presented in Table 3 suggest that spores of G. decipiens may be 
sensitive to low concentrations of hygromycin B, neomycin and benomyl. 
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Table 3: Percent germinated spores of G. decipiens and mean hyphal lengths attained after 39 d 

incubation in four antibiotics or benomyl. 

Values are the means of four replicates of 12 spores each; means followed by the same letter are not
significantly different (P<0.05). 

Treatment Concentration Percent 
 Mean
4gml') germinated lhyegphmalspores 
 length (cm)
 

Celiulase 0 81a 
 3.5
 
Control 

10 
 46b 
 I 
Geneticin 15 48b 2 
(G418) 25 
 54b 
 1.5 

2 6c 
 0.5 

Hygromycin B 5 2c 0.5 
7 Oc 
 0 

5 75a 
 3.5
 
Kanamycin 20 70a 4
 

50 77a 3 

5 
 lOc 
 0.5
 
Neomycin 
 20 
 OC 0 

50 
 Oc 0 

1 
 2c 
 0.3 

Benomyl 2 0c 
 0 
4 0c 
 0 

Additional experiments tested the sensitivity of G. margarita to different concentrations ofhygromycin B and neomycin. Spores of G. margaritawere used in this experiment since spores of G.decipiens were unavailable and it did not appear critical to the establishment of antibiotic sensitivity valuessince the general aim was to develop a transformation system for Gigaspira. The results indicated thatG. margarita spores were also sensitive to hygromycin B. 

b. Construction of a transformation vector. 

The previous experiments had e.ztablished that G. decipiens and G.margaritaare sensitive tohygromycin B and the next goal was to incorporate a hygromycin B resistance gene (hyg")into a plasmidconstruct that could be used as a transformation vector. Hygromycin B resistance has been used as adominant selectable marker for the transformation of other fungi (Kiuchi et al., 1991, Wnendt er al..1990). Ayeast artificial chromosome vector, carrying the hygromycin Bresistance gene (Ilygr) driven by 
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the trytophan synthetase (rpC) promoter from Aspergillus nidulansand labelled PYAC* was obtainedfrom Dr. H. Brody (University of Georgia). An EcoRV fragment from pYAC5* carrying this hyg' genewas cloned into pBluescript SK+ (Stratagene) to give pSPCI.

It is intended that a Gigasporapromoter will replace the trp C promoter when 
one has beenisolated. Restriction sites are present in the promoter region of l5SPCI which will enable excision of thetrp C promoter and replacement with the Gigasporapromoter. Fungal vectors, in addition to a selectablemarker gene. should contain a strong promoter from an organism of the same taxonomic class, to allowtransformation. It is unlikely that an ascomycetous promoter (trp Q will function in a Zygomycete.However, a study by Barrett et al. (1990) suggests that a certain amount of plasticity in recognition existsfor promoter and terminator sequences among filamentous fungi. As a result of this finding attempts

should be made to transform Gigasporawith pSPCI. 

c. Strategies to isolate a Gigasporapromoter. 

The actin promoter was chosen for isolation since the actin gene isnot developmentally regulatedand is therefore likely to be expressed continuously in the cell. In fungi, actin is coded for by one gene,unlike other eukaryotes where it is encoded by a family of genes (Gallwitz and Seidel, 1980). In fungi,actin has been reported to be associated with hyphal growth and organelle movements (McKerracher andHeath. 1987). Another reason for targeting the actin promoter is that actin is highly conserved amongorganisms (Hightower and Meagher, 1986). Fungal actin shows a higher degree of intrakingdomconservation than plant actins and the fungal actin gene is more closely related to animal than plant actin genes (Reece et al.. 1992). It is believed that there was a common ancestral actin gene. from which theactin genes of present day organisms have been derived. Two strategies were used in attempts to isolate
the promoter from the Gigasporaactin gene. 

i. Construction of genomic libraries: This involved the construction of VA mycorrhlzalfungal genomic libraries in E. coli using the cosmids pWEI5 (Promega) and SuperCos I (Stratagene) orthe phage cloning vector XEMBL 3 (Promega). In all of the numerous attempts at library constructiononly a few hundred transformants were obtained. As no representative libraries were constructed, it wasconsidered futile to attempt to probe these clones to see whether a Gigasporaactin gene sequence hadbeen cloned. The main problem was the inability to obtain enough Gigaspora DNA for library
construction and this approach was discontinued. 

ii. The 
used 

use of inverse PCR: Inverse PCR differs from conventional PCR in that it can beto obtain the sequences of regions flanking known DNA (Ochman et al.. 1990). In this methodprimers were designed from conserved upstream portions of fungal actin gene sequences, obtained fromaccessions in GenBank. These primers used to amplify anwere upstream portion of the actin genetranscription unit in Gigaspora. Inverse primers could then be designed from these forward primers.DNA isolated from Gigaspora would be restricted with a range of enzymes using each enzymeindividually in an attempt to generate 2-3 kb fragments of DNA. The restricted DNA would be ligatedto form short circular segments of DNA. Depending on the positions of enzyme sites in the GigasporaDNA. it may be possible to obtain a circularised segment of DNA from which the promoter region couldbe amplified by the inverse PCR primers. The amplified flanking regions would be cloned and sequencedto determine the sequence of the promoter. The advantage of this method is that it requires very small 
amounts (nanogram) of DNA. 

The actin sequences from the following fungi were obtained from GenBank: Absidia glauca,Aspergillusnidulans.Kluveromyces lactis, Phytophthorainfestans,Saccharomycesbayanus,S. cerevisiaeand Schizosaccharomycespombe. These sequences were aligned using DNAStarR to identify conservedregions within the gene sequences. Two conserved regions in the upstream end of the actin sequenceswere used to design degenerate oligonucleotide primers (ACT 1100 and ACT 1585, Table 4). 
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Table 4: Degenerate PCR primers designed to amplify the upstream portion of the actin 

gene from the Gigasporagenome. 

Bases written in bold represent enzyme restriction sites. 

Primer T,(CC) Sequence
 
ACT 1100 58-68 5'CCGGAATTCCGGAACTGGGAYGAYATGGA 
 3' 

ACT 1585 48-52 5'CGCGGATCCGCGCCCTCNGGNARYTCRTACC 3' 
(BamHl) 

R = A or G, Y = C or T and N = A, T, G or C 

ACT 1100 and ACT 1585 primers amplified four distinct PCR products from GigasporaDNA.These four Gigasporafragments were sized by comparison to a XDNA/HindlII standard. The estimateswere 500 bp, 350 bp, 200 bp and 125 bp. As actin sequences are highly conserved it can be suggestedthat the size of the Gigasporaactin sequence amplified by PCR should be similar to analogous sequencesfrom the fungal actin sequences obtained from GenBank. These analogous sequences would represent thedistance in base pairs between the sequences of ACT 1100 and ACT 1585 primers. The sizes of the actinfragment between these two primers from the GenBank fungal accessions were between 475 and 585 bp.Therefore, it is likely that the largest (500 bp) of the four Gigasporafragments is from an actin sequence.It is unlikely that the four Gigasporafragments represent sequences of an actin gene family since if thiswere so, these tour fragments would have been of similar sizes. bands fromThe four amplifiedGigasporaDNA have been restricted with BamHI and EcoRl and cloned into pBluescript SK+. Timeconstraints have prevented the continuation of this approach. 

Specific Oiecive: 6. To utilise the Polymerase Chain Reaction (PCR) for identi'ving and 
monitoring VAM fungal DNA. 

The approach taken, was to amplify the rDNA region of G. margaritausing primers ITS 1. ITS2.ITS3 and ITS4, and sequence the amplified fragmenrs to determine the nucleotide sequences of theinternal transcribed spacers. These sequences were then compared with hoimologous sequences of otherfungi. Divergence between sequences of homologous spacers were analysed and PCR primerscomplementary to ITS sequences of G. nargaritawere designed. The new primers could then be testedwith genomic DNA templates from other G. margaritaisolates and other Gigasporaspp.
Data from restriction digests of ITSI +ITS4 
 amplified fragments were used to design primersmodified from those of White et al. (1990). Five to eight nucleotides were added at the 5' ends ofprimers to provide recognition sequences for the restriction endonuclases BumHf (B) or EcoRI (E).Conditions for PCR amplification of rDNA regions with the modified primers were investigated by
altering the annealing temperature of cycling programmes and MgCI- concentration in reaction mixes.
A. nidulansgenomic DNA was used as template to determine approximate parameters, which were thenadjusted for G. margaritatemplate DNA. Primer concentrations of I A.M each. 5 Al G. margaritaDNAsolution (- 10 ng ul'), 2 units Taq DNA polymerase and MgCI, at 3.5 mM were optimal in 50 u1reactions with the following cycling para'meters: DNA denaturation for 3 minutes at 94 'C for one cycleand 1minute tor 30 cycles; primer annealing at 64 *Cfor 30 seconds: and primer extension for I minuteat 72 °C with a further 10 minutes at 72 'C following the final cycle.The modified primers (Table 5) used as primer pairs B-ITSI +E-ITS2. B-ITS3+E-ITS4 andB-ITSI+E-ITS4, were found to work well with genomic DNA ternplates frorn G. margaritaand A. 
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nidulans. Modified primers used in PCR mixtures with G. margarita genomic DNA as template,
amplified the 5.8S rRNA gene and flanking internal transcribed spacers. For PCR from previouslyamplified rDNA fragments, 3.5 mM MgCl, in reactions was unsuitable and a series of tests showed that2.5 mM MgCI, was appropriate. Subsequently, reactions with previously amplified PCR products astemplates also worked well. Differential precipitation of amplified rDNA fragments by the method ofPaithankar and Prasad (1991). proved effective for remova! of PCR primers as primers were not visiblydetectable after agarose gel electrophoresis of purified reaction mixes. 

Table 5: Modified Primers tbr Amplification of 5.8S rDNA Regions and Flanking Spacers 

Primer Sequence (5'-3') 

B-ITS 1 CGGGATCCGTAGGTGAACCTGCGG 

E-ITS2 GGAATTCCGCTGCGTTCTTCATCGATGC 

B-ITS3 CGGGATCCGCATCGATGAAGAACGCAGC
 

E-ITS4 GGAATTCCTCCGC"TATTGATATGC 

Underlined sequences are the primer sequences described by White et al. (1990), while sequences inbold 
are restriction enzyme recognition sites. 

Sizes of amplification products using total DNA or ITS I+ITS4 amplified fragments as templatewere indistinguishable. The regression line of size standards (R2 = 0.94) gave approximate sizes offragments (minus primers) amplified from G. margaritawith the primer pairs as:B-ITSI +E-ITS2, 200bp; B-ITS3+E-ITS4. 300 bp; and B-ITSI+E-ITS4, 520 bp. The sequences of these fragments are
presented in Figures 4.5 and 6. 

A consensus was derived by PRETTY alignment of the sequence for the G. margarita5.8S rRNAgene and flanking internal spacers with homologous sequences from other fungi, where five or more ofthe aligned sequences carried the same nucleotide at a single site. except where two nucleotides wererepresented in equal numbers.at the same position. The location of the 5.8S rRNA gene was determinedby comparisOn with published sequences. Homology between the consensus and G.margaritasequencewas measured as the fraction of nucleotides in the G.margaritasequence shared by the consensus. In the156 nucleotides from position 81 (the 3' end of ITS 1)to position 236 there was high divergence in ITSAsequences and the consensus showed -20% agreement with the G.margaritaspacer. Strong homologywas found between sequences in the subsequent 161 nucleotides (237-397) covering the greater portionof the aligned 5.8S rRNA genes and the consensus showed 90% agreement with the G.margaritasequence. ITSB sequences showed high divergence with -28% agreement between the consensus and 
G. margaritasequence. 
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50 
AAGGATCATT ACCGAGTGCG GGCTGCCTCC GGGSSGCCCA ACCTCCCACC
 

100CGTGACTACC TAACACTGTT GCTTCGCGGG GAGCCAGGCC AGGGCGSSGA
 

150CCACTGAACT TCATGCCTGA GAGTGATGCA GTCTGAGCCT GAATACAAAT
 

186
CAGTCAAAAC TTTCAACAAT GGATCTCTTG GTTCCG 
Figure 4: Nucleotide Sequence of Plasmid Insert Amplified from G. margarita with PCR 

Primers B-ITS I and E-ITS2 

Primer annealing sites omitted. For ambiguous nucleotides S = G or C. 

GAACTGGATA AGTAATGTGA ATTGCAG;AT TCAGTGAATC ATCGAGTCTT
 

100
 

so 

TGAACGCACA TTGCGCCCCC TGGCATTCCG GGGGGCATGC CTGTCCGAGC
 

150
GTCATTGCTG CCCTCAAGCC CGGCTTTGTG TGTTGGGTCG TCGTCCCCCC
 

200CGGGGGACGG CCCGAAAGGC AGCGGCGGCA CGTGTCCGGT CCTCGAGCGT
 

250
ATGGGGCTTT GTCACCCGCT CGATTAGGSS GCCCGGGCCA GCCGSCGTCT
 

288
CCAACCTTAT TTTTCTCAGG TTGACCCGCT GAACTTAA
 

Figure 5: Nucleotide Sequence of Plasmid Insert Amplified from G. margaritawith
 
PCR Primers B-ITS3 and E-ITS4
 

Primer annealing sites omitted. EcoRI site (position 27 to 32) in bold. 
 For ambiguous nucleotides S
G or C. 

TCCGTAGGTG AACCTGCGGA AGGATCATTA CCGAGTGCGG GCTGCCTCCG
 

100GGSSGCCCAA CCTCCCACCC GTGACTACCT AACACTGTTG CTTCGCGGGG
 

150
AGCCAGGCCA CGGCGSSGAC CACTGAACTT CATGCCTGAG AGTGATGCAG
 

200TCTGAGCCTG AATACAAATC AGTCAAA)ACT TTCAACAATG GATCTCTTGG
 

250
TTCCGGCATC GATGAAGAAC GCAGCGAACT GGATAAGTAA TGTGAATTGC
 

300AGAATTCAGT GAATCATCGA GTCTTTGAC GCACATTGCG CCCCCTGGCA
 

350TTCCGGGGGG CATGCCTGTC CGAGCGTCAT TGCTGCCCTC AAGCCCGGCT
 

400TTGTGTGTTG GGTCGTCGTC CCCCCCGGGG GACGGCCCGA AAGGCAGCGG
 

450
CGGCACGTGT CCGGTCCTCG AGCGTATGGG GCTTTGTCAC CCGCTCGATT
 

5ooAGGSSGCCCG GGCCAGCCGS CGTCTCCAAC CTTATTTTTC TCAGGTTGAC
 
533


CCGCTGAACT TAAGCATATC AATAAGCGGA GGA
 

Figure 6: 
 Composite Nucleotide Sequence (+ Strand) ot G. inargarita5.8S rRNA Gene 
and Flanking Internal Transcribed Spacers 

Primers ITSI (position I to 19), ITS3 (position 206 to 225) and sequence complementary toprimer ITS4 (position 514 to 533) underlined. For ambiguous nucleotides S = G or C. 



Using data generated by the PRETTY sequence alignment, spacers flanking the 5.8S rRNA geneswere examined and a unique succession of 20 to 30 nucleotides in each spacer of G. margaritawasidentified and sent to The University of Georgia where primers were manufactured. The new primers,GMITS5 and GMITS6. were used in PCR mixtures with plasmids containing rDNA inserts as templates.Spores of the following VA mycorrhizal fungi (isolate numbers in brackets) were received from theInternational Culture Collection of Arbuscular and Vesicular-arbuscular Mycorrhizal Fungi (INVAM),which was now located at the Division of Plant and Soil Sciences, West Virginia University, WestVirginia: G. margarita (WV205A-2), G. margarita (BR444-2), G. decipiens (AU102-2), G. rosea(FL219A) and G. rosea (UT102-2). DNA prepared from these spores was used as templates in PCR
mixtures with primers GMITS5 and GMITS6. 

Primers derived from the PRETTY alignment were:
(1)GMITS5 from ITSA (5'CTACCTAACACTGTTGCTTCGCGGG) (bases 75 to 99 in Figure6) and (2)GMITS6 from ITSB (5'GCCCCATACGCTCGAGGACCGGACA) (complement of bases 408 

to 432 in Figure 6)
Lengths of sequences for GMITS5 and GMITS6 were chosen so that their annealing temperatureswould be close to those of the other primers in use. These primers were used in combination with otherprimers (GMITS5 with E-ITS2 and B-ITS3 with GMITS6) to amplify regions from plasmids containingappropriate inserts. Primer pairs GMITS5+E-ITS2 amplified a fragment of - 140 bp from a plasmidcontaining the B-ITSI +E-ITS2 amplified fragment, while primer pairs B-ITS3+GMITS6 amplifiedfragment of - a110 bp from a plasmid containing the B-ITS3+E-ITS4 fragment. Conditions for thesereactions were the same as previously and sizes of amplified fragments from plasmids were as expected.Template DNA from G. margarita.G.decipiensand G. roseaisolates (INVAM) and GMITS5+GMITS6 

primers gave no amplification products. 

Impact, Relevance and Technohrv Transfer: 

The findings from this project will not be of any immediate benefit to Barbados. Awareness ofthe potential benefits that could be obtained from usethe determinate of VA mycorrhizal fungi inagriculture has led to presentations at a Barbadian agricultural technologists forum on agrochemicalimportation costs to Barbados and the effects that those agrochemicals can have on native VA mvcorrhizalfungi. It has also been proposed that VAM fungal inocula could be utilised in the numerous Caribbean
plant tissue culture laboratories and plant nursery operations. Additionally, the importance of determining
the species of VA mycorrhizal fungi and their distribution in Caribbean soils has been stressed. So, while
the molecular genetic approaches attempted in this project will 
 not be translated into an instantaneousadvantage for the region, a conscious appreciation of the latent benefits that these microorganisms couldaftord to sustainability in agriculture has been fostered.
The project has impacted meaningfully on a number of individuals and especially on twopostgraduate students who have successfully completed their Ph.D. degrees. These and other teammembers have benefitted from attendance and exposure at international conferences and from temporaryimmersion in workshops and other laboratories. New collaborative channels have emerged and have beensubsequently maintained. Increased output from this laboratory as a direct result of this project and thepublication of the first two, truly biotechnological Ph.D. theses from U.W.I. serves to enhance thereputation of the Department of Biology within U.W.I. and the reputation of U.W.I. within the Caribbean 

region and beyond.
The results from the project are being, and will be, utilised by the growing international scientificcommunity engaged in research into mycorrhizas. This will be dependent on our continued ability todisseminate the results into the public domain, particularly inthe primary scientific literature. To this enda number of manuscripts are in preparation. Interest in our results has already been expressed by theexternal examiners tor the two Ph.D. theses as well as by other international experts in the field, whohave requested pre/reprints of our publications and references for our graduate students for postdoctoral

positions. 
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This project was of a pure research rather than a developmental nature and consequently no trialswere conducted that could lead to increases in scale. 
This USAID/PSTC project has made a tremendous difference in scientific capability within theDepartment of Biology at the Cave Hill Campus of U.W.I. This is not only due to the direct financialinput from the grant but also there have been a number of ancillary benefits, particularly the ability toaccess in-house sources of funding for laboratory remodelling, the purchase of additional equipment itmsand for travel and training. There have also been improvements in library and communication support

services. 
IThe Department of Biology now has the capacity for PCR DNA amplification, which is one ofthe most powerful technologies in molecular genetics. This capability is housed in laboratories that wereredesigned and refitted to comply, as closely as possible, with U.S. NIH guidelines. Although thelaboratory upgrading was funded by U.W.I., itwas consequential upon receipt of the USAID/PSTC grantand followed from a strong recommendation from Professor W.E. Timberlake and Dr. M.A. Marshall,the U.S. collaborators on the project. The Department of Biology also now has the capacity forultracentrifugation up 70,000 which facilitatedto rpm, has caesium chloride, density-gradientcentrifugation for DNA isolation as well as other high-speed centrifugation techniques.The capacity for PCR is due to the purchase of a Precision Scientific GTC-2 Genetic ThermalCycler from this USAID/PSTC grant and the subsequent purchase by the Department of Biology of aHybaid Omnigene Thermal Cycler. Centrifugation capacity was significantly enhanced by the purchaseof a Beckman Instruments L8-70M ultracentrifuge plus 70. ITi and SW40Ti rotors and accessories from

this USAID/PSTC grant.
The only other equipment left behind in the developing country that directly results from theUSAID/PSTC grant is an NEC ProSpeed 286 laptop computer and an NEC MultiSync 2A colourmonitor. These have received extensive use throughout the course of the proiect and are now reaching

the end 	of their working lives.

The principal investigator has been able to 
access 	previously untapped, in-house sources offunding following the award of the USAID/PSTC grant. This has facilitated the purchase of a numberof laboratory equipment items, such as fridges and freezers.
The influx of equipment and expertise along with the improved laboratory. library andcommunication facilities have rapidly and dramatically improved the scientific capabilities of this researchteam. Additionally, the excellent assistance provided by the U.S. collaborators cannot he overemphasised.It was also gratifying when this association spawned a second rese:arch effort in the area of heterokaryonincompatibility in Aspergilhts nidulans so that a genuinely two-way collaboration could be initiated. 

Proiect 	Activities/Output: 

a. 	 Meetings attended: 

1. 	 Fourth Conference of the International Plant Biotechnology Network. San Jos . Costa Rica.
 
January, 1991.
 

2. 	 Plant biotechnology networking meeting of Latin American and Caribbean USAID/PSTC
grantees. San Jos6. Costa Rica. January, 1991. 

Fifth International Fungal Spore Conference. Helen, Georgia. U.S.A. August. 1991. 

4. 	 Third European Conference on Mycorrhizas. Sheffield. U.K. August. 1991. 

5. 	 Biological Nitrogen Fixation Networking Workshop. Networking meeting of USAID/PSTC 
grantees. Banff, Canada. September, 1991. 	 o A T 

6. Third Caribbean Biotechnology Network Conference. Mona. Jamaica. July. 1992. 
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7. First European Conference on Fungal Genetics. Nottingham, U.K. August. 1992. 

8. Tenth Annual Conference of the Barbados Society of Technologists in Agriculture. Bridgetown,
Barbados. November. 1992. 

9. Ninth North American Conference on Mycorrhizae. Guelph, Ontario. Canada. August, 1993. 
10. Seventeenth International Congress of Genetics. Genetics and the Understanding of Lira. 

Birmingham. U.K. August, 1993. 

b. Conference Presentations: 

Dales, R.B.G.. Chinnery, L.E.. Michelini. S., Waterman, L.D., Persad-Chinnery, S.B., Marshall, M.A.and Timberlake, W.E. Towards the development of a transformation system for a mycorrhizalfungal species of the genus Gigaspora. Poster. Fourth Conference of the International PlantBiotechnology Network. San Jos6. Costa Rica. January, 1991.Dales, R.B.G., Chinnery, L.E., Michelini, S., Waterman, L.D.. Persad-Chinnery, S.B.. Marshall, M.A.and Timberlake, W.E. Towards the development of a transformation system for a mycorrhizalfungal species of the genus Gigaspora. Plant biotechnology networking meeting of LatinAmerican and Caribbean USAID/PSTC grantees. San Jos6, Costa Rica. January. 1991.Waterman. L.D., Persad-Chinnery, S.B.. Chinnery, L.E., Michelini. S., Marshall. M.A., Timberlake,W.E. and Dales. R.B.G. Genetical approaches to the study of vesicular-arbuscular mycorrhizalfungal spores of the genus Gigaspora. Poster. Fifth International Fungal Spore Conference.
Helen. Georgia, U.S.A. August, 1991.Persad-Chinnery, S.B.. Waterman. L.D.. Chinnery, L.E., Michelini. S.. Marshall. M.A.. Timberlake,W.E. and Dales. R.B.G. Cytological investigation of nuclear division within germ-tubes andhyphae of the vesicular-arbuscular mycorrhizal (VA M)fungus Gigasporadecipiens. Poster. ThirdEuropean Conference on Mycorrhizas. Sheffield. U.K. August. 1991.
Waterman. L.D.. Persad-Chinnery. S.B.. Michelini. S.. Chinnery, L.E.. Marshall. 
 M.A.. Timberlake.W.E. and Dales. R.B.G. Genetical approaches to the study of vesicular-arbuscular mycorrhizalfungal spores of the genus Gigaspora.Oral and poster presentations. Biological Nitrogen FixationNetworking Workshop. Networking meeting of USAID/PSTC grantees. Banff. Canada. 
September. 1991.Persad-Chinnery. S.B. and Dales. R.B.G. Developing a gene transfer system for vesicular-arbuscular(VA) mycorrhizal fungi of the genus Gigaspora (Zygomycetes, Glomales). Third CaribbeanBiotechnology Network Conference. Mona, Jamaica. July, 1992.Waterman. L.D. and Dales. R.B.G. Protoplast isolation and amplification of ribosomal DNA from VAMfungi of the genus Gigaspora. Third Caribbean Biotechnology Network Mona,Conference. 

Jamaica. July, 1992.Dales, R.B.G., Persad-Chinnery, S.B., Waterman, L.D., Chinnery, L.E., Marshall, M.A. andTimberlake. W.E. Genetical approaches to the study of vesicular-arbuscular mycorrhizal fungiof the genus Gigaspora. Poster. First European Conference on Fungal Genetics. Nottingham,
U.K. August. 1992.

Persad-Chinnery, S.B., Dales. R.B.G. and Chinnery, L.E. Do p sticide use and farming practices reducethe agronomic benefits of vesicular-arbuscular (VA) mycorrhizal fungi in Barbados? TenthAnnual Conference of the Barbados Society of Technologists in Agriculture. Bridgetown,
Barbados. November. 1992.Waterman. L.D., Persad-Chinnery, S.B., Chinnery, L.E. and Dales, R.B.G. Sequence analysis of rDNAregions in Gigaspora margarita.Poster. Ninth North American Conference on Mycorrhizae.
Guelph, Ontario, Canada. August, 1993.Waterman, L.D.. Persad-Chinnery, S.B., Chinnery, L.E. and Dales, R.B.G. Analysis of rDNAsequences in Gigaspora margarita. Poster. Seventeenth International Congress of Genetics.Genetics and the Understanding of Life. Birmingham, U.K. August, 1993. 
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c. Refereed or Edited Publications: 

Persad-Chinnery, S.B., Chinnery, L.E. and Dales, R.B.G. (1992) Enhancement of in vitro sporegermination of Gigasporaroseaby a cellulase preparation. Mycological Research96, 626 - 628. 

Persad-Chinnery, S.B., Dales, R.B.G. and Chinnery, L.E. (1992) Do pesticide use and farming practicesreduce the agronomic benefits of vesicular-arbuscular (VA) mycorrhizal fungi in Barbados? InProceedings of the Tenth Annual Conference of the Barbados Society of Technologists inAgriculture. pp. 43 - 55. Ed. H. De Boei. BSTA. 

Persad-Chinnery, S.B. and Dales, R.B.G. (1993) Developing a gene transfer system for vesiculararbuscular (VA) mycorrhizal fungi of the genus Gigaspora (Zygomycetes, Glomales). InProceedingsof the Third CaribbeanBiotechnology Conference. pp. 69 - 74. Ed. S. Laurent.UNESCO Sub-Regional Office for Science and Technology for the Caribbean, Port-of-Spain,
Trinidad and Tobago. 

Waterman, L.D. and Dales, R.B.G. (1993) Protoplast isolation and amplification of ribosomal DNA fromVAM fungi of the genus Gigaspora. In Proceedings of the Third Caribbean BiotechnologyConference. pp. 75 - 81. Ed. S. Laurent. UNESCO Sub-Regional Office for .Science andTechnology for the Caribbean, Port-of-Spain, Trinidad and Tobago. 

d. Published Abstracts: 

Dales, R.B.G., Chinnery, L.E., Michelini, S., Waterman, L.D., Persad-Chinnery, S.B., Marshall, M.A.and Timberlake, W.E. (1991) Towards the development of a transformation system for amycorrhizal fungal species of the genus Gigaspora.In Abstracts(?f the Fourth Conference of theInternationalPlant Biotechnology Network. Colorado State Universitv. 

Persad-Chinnery, S.B.. Waterman. L.D.. Chinnery, L.E.. Michelini. S.. Marshall. M.A.. Timberlake.W.E. and Dales, R.B.G. (1991) Cytological investigation of nuclei within germ-tubes and hyphaeof the vesicular-arbuscular mycorrhizal (VAM) fungus Gigasporadecipiens. In 77Tird EuropeanSymposium on Mycorrhizas. Mycorrhizas in EcosYstenms - Struture and Function. Abstracts.
University of Sheffield. 

Waterman. L.D., Persad-Chinery, S.B.. Chinnery, L.E.. Michelini. S.. Marshall. M.A.. Timberlake.W.E. and Dales, R.B.G. (1991) Genetical approaches to the study of vesicular-arbuscularmycorrhizal fungal spores of the genus Gigaspora. In Fifth hntrnational Fungal Spore
Conference. p.37. The University of Georgia. 

Waterman. L.D., Persad-Chinnery, S.B., Michelini, S.. Chinnerv. L.E.. Marshall. M.A.. Timberlake.W.E. and Dales, R.B.G. (1991) Genetical approaches to the study of vesicular-arbuscularmycorrhizal fungal spores of the genus Gigaspora.In Biological Nitrogen Fixation NetworkingWorkshop. pp. 35-36. United States Agency for International Development. 

Waterman. L.D., Persad-Chinnery, S.B., Chinnery, L.E. and Dales. R.B.G. (1993) Sequence analysisof rDNA regions in Gigasporamargarita.InAbstracts of Oral and Posterpresentationsof theNinth North American Conference on Mycorrhizae. p. 153. Eds. L. Peterson and M. Schelkle. 
Nacom 9, University of Guelph. 

Waterman, L.D., Persad-Chinnery, S.B., Chinnery, L.E. and Dales R.B.G. (1993) Analysis of rDNAsequences in Gigasporamargarita.In Volume of Abstracts. Seventeenth International Congressof Genetics. Genetics and the Understandingof Life. p. 191. XV[lth International Congress of 
Genetics. 



- 26 

e. Theses: 

Persad-Chinnery, S.B. (1995) Biological studies of the vesi'ular-arbuscular (VA) mycorrhizal fungiGigasporadecipiens and G. rosea. Ph.D. thesis of the University of the West Indies. 
Waterman. L.D. (1995) Sequence analysis of ribosomal DNA amplification products and investigationson protoplast isolation from vesicular-arbuscular mycorhizal fungi of the genus Gigaspora.Ph.D. thesisof the University of the West Indies. 

f. ENA Database submissions: 

Three Gigasporamargaritasequences were submittedsequences were to the Ger'3ank DNA database. Thesegenerated by PCR amplification using primers ITSI, 2, 3 and 4 that(Vhite er al.. were designed1990) to amplify the 5.8S rRNA gene and flanking Internal Transcribed Spacer (ITS)regions of the ribosomal DNA repeat of fungi. These sequences are presented in the Methods and Resultssection, page 21. The GenBank sequence designations and corresponding accession numbers are: 

DNASequence Accession Number 

GM ITS 1-4 U15692
GM ITS 1-2 - U16755 
GI ITS3-4 U16756 

g. Patents: 

None. 

h. Training: 

There was no formal training defined in the project budget. During the coursehowever. of the project,anumber of activities were undertaken from which training in a range of areas was obtained.Not a!l of these activities were funded from the grant as additional funding was provided by BOSTID andU.W.I. 

14 July - 24 August, 1991.Timberlake's laboratory in the Department of Genetics, The University of Georgia, 
 Athens. Georgia,
 
Lyndon Waterman visited Professor W.E. 

U.S.A. for experience in Polymerase Chain Reaction (PCR) DNA amplification and DNA sequencing

techniques.
 

ii. 13 August - 17 August, 1991. Susan Persad-Chinnery attended the pre-Symposium
workshop prior to the Third European Symposium on Mycorrhizas, The University of Sheffield. This
workshop was on identification and classification of Glomaceous (VAN!) fungi.
iii. 17 August - 15 September, 1991. RichardTimberlake's laboratory and gained experience with a number of recent techniques in molecular genetics, 

Dr. Dales visited Professor 
including genomic DNA cloning using Yeast Artificial Chromosome (YAC) vectors and Contour-ClampedHomogeneous Electric Field (CHEF) pulsed-field gel electrophoresis.

iv. 8 September - 18 September, 1991. Susan Persad-Chinnery attended a trainingcourse in 'Techniques in Plant Molecular Biology' held at Wye College, The University of London, U.K.v. 15 March  30 April, 1993. Susan Persad-Chinnery visited Prof. W.E.Timberlake's laboratory and performed genomic DNA library construction and polymerase chain reaction(PCR) DNA amplification.
vi. 5 August  8 August, 1993. Lyndon Waterman attended a pre-conferenceworkshop prior to the Ninth North American Conference on Mycorrhizae, Guelph, Ontario, Canada. Thisworkshop was on molecular methods for the identification of mycorrhizal fungi. 
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All of the above information indicates that: a. the project was extremely valuable for theDepartment of Biology, Cave Hill Campus, U.W.I. in terms of the acquisition of technical expertise,particularly in modern biotechnological methodologies, and b. there is strong evidence of the desire todisseminate the results of the project, with 12 conference presentations, four refereed editedpublications, orthree GenBank DNA seqt~ence submissions, and two Ph.D. theses. Additionally, it isanticipated that a number of further publications in refereed journals will emerge from the two Ph.D.

theses in the near future. 

Proiect Productivity: 

Specific Obective: 1. To develop methods for the routineproductionof non-contaminated!AMfungal hyphae. Goal accomplished. This wcrk is reported in chapter 3 of S.B. Persad-Chinnery's Ph.D.thesis, pp. 46-66 and in chapter 3 of L.D. Waterman's Ph.D. thesis, pp. 121-158. 
Specific Obiective: 2. To establish enzyme systems and conditionsfor efficient proroplastreleasefromVAM fungal hyphae. This area was e.tensively studied but the objective of developing protoplasttechnology with Gigasporaspp. was not attained. Hyphae of germinated spores of Gigasporaspp. provedto be resistant to degradation by high concentcations of mixtures of commercial lytic enzymes inconjunction with culture extracts containing chitosanase prepared from Bacilluspumilusor Streptomycesno. 6. Walls of Zygomycetes are known to contain chitosan and lytic enzymes from BacilluspumilusorStreptomyces no. 6 have been used to produce protoplasts from members of this taxon. Inthe same seriesof experiments in this sub-project, hyphal walls of another Zygomycete, Rhizopussrolonier,were readilydigested to liberate protoplasts in enzyme mixtures containing small amounts of the extract from theStreptomyces culture. Resistance of hyphae of Gigasporaspp. to degradationStreptomnyces no. with lytic enzyme from6 could be due to absence of chitosan in the hyphal walls. unreactivity of .he form ofchitosan in the walls with the prepared enzyme, or concealment of chitosan by other wall components.The inability to generate protoplasts from Gigasporaspp. using cocktails of hydrolytic enzymeswas unexpected and surprising. However, the delimitation of several combinations of lytic enzymes thatdo not produce protoplasts from hyphae of VA mvcorrhizal fungi provides a knowledge base foradditional research in this area. Further knowledge of the biochemical composition of. arrangement ofpolymers in, as well as bonding of components in walls of extraradical hyphae providemay theinformation necessary for formulation of effective enzyme cocktails for prttoplast production.
The experiments performed, the results obtained and the suggestions fr ftiure approaches 
aredescribed indetail and extensively discussed inchapter 4 of the Ph.D. thesis (ifL.D. Waterman. pp. 159

200. 

Snecific Objective: 3. 
 To investigatethe nucleardivision cych' in VA mvcnrrhizas.Goal accomplished.
This work is reported in chapters 4 and 5 of S.B. Persad-Chinnery's Ph.D. thesis. pp. 67-160. 

.SpecificObiective: 4. 
accomplished. 

To iso!ategenomic DNA from VA.Vffiingal hyphue orprotoplastss.pensions.C>-:It was found that DNA could be readily isolated from spores. This work is reported aspart of chapter 7 of S.B. Persad-Chinnery's Ph.D. thesis, pp. 185-190 and as part of chapter 5 of L.D.
Waterman's Ph.D. thesis, pp. 212-217. 

SpecificOiective: 5. To develop gene transfer technologyfor.a VAMi.i,,,us q1'the genus Gigaspora.This was the most ambitious specific objective, involving the cumulative knowledge and expertise fromall the preceding sub-projects plus additional molecular genetic research. Extensive work was done todetermine a suitable selectable marker for transformation; to construct a plasmid vector that carried theselectable marker, driven by a fungal promoter; and to isolate a high-efficiency. Gigaspora-specificpromoter sequence. These research projects are reported in chapters 6 and 7 and appendices Band C ofS.B. Persad-Chinnery's Ph.D. thesis, pp. 161-216 and 251-272. Problems encountered during this work 
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ultimately leading to exhaustion of available time, along with the lack of protoplast technology for a
Gigasporaspp. served to frustrate the accomplishment of this goal. 

Specific Obiective: 6. To utilise the PolymeraseChain Reaction (PCR)for identiting and monitoringVAMfingal DNA. Goal accomplished. This work is reported in chapter 5 and the 2ppendices of L.D.Waterman's Ph.D. thesis, pp. 201-250 and 307-315. 

While the ultimate goal of achieving gene transfer technology for a VA mycorrhizal fungus wasnot achieved, a vast amount of highly-significant, background research has been successfully completed.This project has extensively increased the understanding of VA mycorrhizal fungi and the future directionfor the eventual completion of this project has been charted. By the use of techniques that are close tothe cutting edge of molecular genetics, it has catapulted this developing-country laboratory to the forefront
of international VAM fungal research. 

Future Work: 

This project could lead to future work if suitable funding can be found. To date, two major grantproposals have been submitted. The first entitled: 'Molecular Biology and Ecology of Plant-MicrobialAssociations' was forwarded to the European Community Regional Programme - Project Dn AgriculturalBiotechnology by the Government of Jamaica. This proposal was for funding sub-projects to be conductedby Principal Investigators at the Cave Hill Campus, U.W.I. These were 'Monitoringvesicular-arbuscularmycorrhizalfiingi' (Dr. R.B.G. Dales) and 'Genetic stimulationofpurine and ureidesynthesisin nodulesof transgenic legumes' (Dr. A.J. Delauney). These were to dovetail with other sub-projects to beconducted in the Biotechnology Centre of he Mona Campus, U.W.I., Jamaica (Dr. M.H. Ahmad) andthe Laboratory for Plant and Microbial Biotechnology, Philipps University Marburg. Germany (Prof. Dr. 
D. Werner).


The second proposal 
was through the U.W.I. Research and Development Fund to access Inter-American Development Bank funding. The project - 'Monitoringvesicular-arbuscularmvcorrhizal(VAM)fungi having potential .fir plant biofertilisation, by species-specific DNA amplification' was to becoordinated by Dr. R.B.G. Dales. Other Principal Investigators being Dr. L.E. Chinnery and Dr. A.J.

Ddlauney at the Cave Hill Campus. U.W.I.
 

I have documented these project proposals 
as they represent a significant amount of time andeffort in their preparation. They were of reasonably high -scientific merit, yet both have beenunsuccessful. This highlights a major problem for researchers in developing countries. It is oftenextremely difficult to find and access funding sources to continue USAID/PSTC grant aided research.Both of the above proposals were to use PCR approaches for monitoring VA mycorrhizal fungibut future work could also include efforts to complete the development of gene transfer technology. Thepotential tor inverse PCR to isolate the prumoter region from the Gigasporaactin gene. advanced in thisproject, could be realised. A Gigaspora-specifictransformation vector could then be constructed byreplacing the Aspergillus nidulanstrpC promoter with the Gigasporaactin gene promoter. upstream ofthe hygromycin B phosphotransferase gene on the plasmid pSPCI. Further work could be done towardsthe development of protoplast technology and once protoplasts were successfully liberated they could beused for transformation with the Gigaspora-specific transformation vector. Studies of protoplastregeneration would also be necessary. In the absence of protoplast technology, transformation could be
attempted via biolistic methods. 
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Enhancement of in vitro spore germination of Gigasporarosea 
by a cellulase preparation 

S. B. PERSAD-CHINNERY, L. E. CHINNERY AND R. B. G. DALES 
Department of Biology. The University of the West Indies. P.O. Bor 64. Bridgetown. Barbados 

Solutions of a cellulase preparation from Trichoderna reesei have been found to induce in vitro germination of asexual spores of thevesicular-arbuscular mycorrhizal (VAM) fungus Gigaspora rosea. Spores were incubated incellulase at concentrations of 1"6, 3"2 4"8and 6-4 units mnl' or indistilled water (pH 6-4). Each treatment was applied to 100 spores divided between five replicate blocks. Inthe cellulase concentrati6n of 3'2 units ml-', 89% of the spores germinated, which was five times greater than that in the cellulase.free control. Inthe 1"6 units ml- 1concentration. 48% of the spores germinated, which wasgermination percentages in 4"8 and &4units m -
more than twice that of the control. Theconcentrations were not significantly different from the control. Whether this effectisdue to cellulase or an impurity in the preparation has not been established. The technique, however, provides amethod forobtaining improved in vitro germination ,'f the spores of at least two Gigaspora species. 

The order Glomales (Morton & Benny, 1990) consists of 
six genera that form mutualistic associations with the roots 
of almost all angiosperms. These fungi have been traditionally 
described as the vesicular-arbuscular mycorrhizal (VAM)
fungi even though species of the genera Gigaspora and 
Scutellosporado not form intraradical vesicles. VAM fungi are 
obligate symbionts that have been shown to increase growth
and nutrient uptake, particularly of phosphates (Smith, 1980);
reproduction (Koide et al., 1988); drought tolerance (Michelsen
& Rosendahl, 1990); and resistance to pathogens (Caron,
1989) in the host plant. 

Germination studies on the asexually produced spores of 
VAM fungi have produced variable results. Initial work 
suggested that storage was necessary to overcome dormancy 
present in freshly harvested spores (Godfrey, 1957) or that 
microbially produced soil substances were needed for 
germination (Mosse, 1959). Since then. the need for a period
of dormancy has been reported by other authors (Daniels & 
Graham, 1976; Hepper & Smith, 1976; Tommerup, 1983a,b;
Safir et al., 1990) and several additional factors have been 
reported to affect spore germination. These include small 
quantities of nutrients, root exudates, root volatiles, soil 
temperature, moisture, pH and light (e.g. Daniels-Hetrick. 
1984; Siqueira et al., 1985; Gemma & Koske, 1988). The 
reported effects of some of these factors have been found to 
vary between genera and species of VAM fungi. Inan attempt 
to determine specific compounds capable of inducing spore 
germination, Gianinazzi-Pearson, Branzanti &Gianinazzi (1989)
showed that the flavonoids apigenin, hesperitin and naringenin
stimulated early in vitro germination of Gigaspora margarita
Becker & Hall spores but no significant increases in germin
ation above the controls were obse-ved. Bacteria have been 

reported to enhance the germination of VAM fungal spores
(e.g. Mosse, 1962; Azcon, 1989; Will & Sylvia, 1990). The 
presence of bacteria, however, may not be desirable for many
studies of VAM fungi. 

Attempts to promote the germination of VAM fungal 
spores using enzymes have not been extensive. Spores of 
Endogone microcarpa (Tul. & Tul.) Tul. & Tul. (= Glornis 
microcarpum Tul. & Tul.) and E.macrocarpa (Tul. & Tul.) Tul. 
& Tul. (= GI. macrocarpum Tul. & Tul.) have been passed
through mouse, rabbit, chick or snail digestive tracts: spores
of these same species have been soaked inextracts of mouse 
or rabbit dung; and they have also been incubated with 
chitinase-producing fungi or bacteria. None of these complex 
enzyme sources were successful in enhancing germination
(Godfrey, 1957). Trappe & Maser (1976) investigated the 
germination of Gi. macrocarpus Tul. (= G. macrocarpun) 
spores recovered from the stomach contents of a vole 
(Microtus oregoni) and found that 9out of 12 spores germinated
in distilled water after 15 d incubation at room temperature.

This paper reports the in vitro effect of cellulase on the 
germination of asexual spores of the VAM fungus Gigaspora 
rosea Nicolson & Schenck. Spores of this fungus are globose
in shape and are bome on extraradical hyphae in soil. They are 
white to cream with each having adistinct rose-pink area that 
can cover up to half the surface area of the spore. The spore
wall is about 2"4-7-5 pm in thickness and consists of two to 
five, 1-2 pm thick inseparable layers (Nicolson & Schenck 
1979). 
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M ETHODS AND MATERIALS been found to be repeatable and is now routinely used for the 
A culture of G. rosea (INVAM no. 105) was obtained from the in Vitro germination of spores in our laboratory. FurtherInternational Culture Collection of Vesicular-ArbuscularMycorrhizal Fungi. Plant Pathology experiments (data notDepartment, University shown) using cellulase preparationsTSga rmAprilsngr e climf iuou(Sigma) nfrom Aspergillus niger, Penicilliam fun iculosuin andMycorhizl FngiPlatof Florida. These Paholgy Dpartent Uniersl:spores were multiplied in pot cultures G.ro ea spores romoting e thT :rride have been successfuls fuin promoting thete germinationna n ofcontaining equal volumes of autoclaved sand. soil and G. rosea spores. Also all four cellulases enhancedvermiculite and planted with Alliutn pormm L (leek) 

the
Azronopus conipressus (Swartz) Beauv. (carpet grass) seedlings. fcninationand ge of spores of G.decipiens Hall & Abbott.optimal effect on germination in both species was obtainedTheat

Axonpusconpresits(SwrtzBeav. caret rassSpores were extracted from the potting mix by wet seving
sedligs.a cellulase activity of 3-2 units ml-1 irrespective of the sourcea cellulaset
 

and decanting (Gerdemanncen t if mu a t eti n a & Nicolson, 1963) followed by
ro p e r t ur f o 4 ai n t I 00 i nt a p of celulase.centrifugation at room temperature for 4 m 
Th e presen ce of cellu lose inthe wall o f V AM fungal sporesat 1000 g in tap has not been established conclusively. Gerdemann (1955)
 

water and for 30 s at 1000 g in a 40% (w/v) 
sucrose solution.The spores were collected on a 180 psm foud no cl u se i sp r wa s of nsieve and washed with to u n m d son cellulose s ei 
a continuous stream of distilled water. Spores 

in spore walls of an unnamed speciesdecontaminated using were surface- geloging5% (w/v) Chlora mine T (Sigma) for to the Gigasporaceae. Sward (198t)found nocellulose inthe three outer walls of G. mrargaritaand the fourthdeconamina(tomed using p5%30-40 mi (Tommerup y 1) rinT(Sima)for n innermost wall gave& Kidby, 1976) prior to treatment inconclusive results. Mosse (1970),however, obtained positive results when the innermost wall ofwith cellulase. Acaulospora laevis Gerd. & Trappe was tested for cellulose.
 
Simmons, was 
 made up in sterile distilled water (pH 6"4) at No cellulosecimontans of 1u6, was found in crushed spore walls of G. rosea3"2, 4"8 and 64 units m -
sterilized (0"22 om pore size). 

and filter or G.decipiens which were separately tested for the presence'0 ml aliquots of each cellulase of cellulose using the methods of O'Brien & McCully (1981)concentration, or sterile distilled water, were dispensed into
the 3"4 ml wells of sterile multi-well 
and Sward (1981). Although these are crude, qualitative tests,
dishes (Nunclon it is unlikelyMultidishes, that cellulase worksNunc Denmark) to degrade a cellulosewith each well containing asfuace-descnta nmasrk) 
component of the spore wall to facilitate the emergence of aG.reachwith Te experntnwa ge.,m-tube. Additionally, Lewis (1991) has reported that chitinsurface-decontaminated spore of G. rosea. The experiment was


divided into five replicate blocks located at different positions 
and chitosan, and not cellulose, are the major components of
 

within an incubator set at 28 0C. Each block contained five
randomly arranged multi-well dishes representing the four 
 Table I. Maximum percentage germination of spores of Gigaspora rosencellulase treatments and the control. In each dish 20 wells trei-d with different concentrations of cellulase. (Values are the means of
were used giving a total of 100 spores for each of the cellulase five replicates)
 
treatments and for the control. The dishes were sealed with Concentration of cellulase (units ml")paraffin The spores examined daily for 30 d usingwere a
binocular microscope at x 100 magnification. A spore was 0-0 16 .t2 48considered to have begun germ ination when hyphal 

6.4 
a 113" 4" 94 7'- 2aprotrusion, other than the residual hyphal attachment, emerged


through the spore wall. The germination data were arcsine 
 !ejns followed by the same letter are not signifcantly diferent. P> 0-05.
 
transformed. analysed by analysis of variance and the means
 
separated by the Tukey test (Zar, 1984). 100 

RESULTS AND DISCUSSION 7 

The maximum percentage germination of G. rosea spores for
 
the different cellulase treatments are shown in Table 1.Figure

I shows the increase in percentage spore germination with "' 60

time in the different cellulase concentrations. It was found that 

the 32 and 
 16 units ml-" of cellulase significantly enhanced 

T 
" - T Tgermination over the control (P < 005), while the higher .0

concentrations did not. The maximum germination of 89% r r/T/T was achieved with the 3"2 units ml - ' cellulase treatment. This 7 
was significantly greater than that obtained with 16 units ml"
cellulase (Table I). Germination values in all treatments and 
the control obtained at day 12 remained constant up to day -!' I30. Some of the ungerminated spc-es obtained from the 06 9 12 iscontrol after day 30 germinated following transfer to Time (days)3"2 units ml-1' cellulase frum Trichoderma reesei (data not Fig. 1. Percentage germination of Gigasporn rosa spores usingshown as the results were confounded by contamination in ce!ase from Tricoderma reesi. V. 16 units ml e1: . 3 2 unissome wells). 

ml : 0. 4"8 units ml 1: 0. 6"4 units ml ', 0. control (distilledThe promotory effect of cellulase at 3"2 units rnl" from water. (Values are means of five replicates and error bars areTrichoderma reesei. on the germination of Gigaspora spores has standard errors of the means. -' 



zygomycetous fungal walls. These preparations of cellulase 
are impure and the possibility that the effects on germination 
could be elicited by a common contaminating compound 
cannot be ruled out. It is,however, unlikely that the ellulase
preparations are removing a germination inhibitor or pro-
viding a nutrient since concentrations above 3"2 units ml-" 

had no significant effect on spore germination. The mode of 
action of these preparations and whether they enhancecan 
germination in vivo need to be investigated. 

This research was supported under Grant no. 534-0936-G. 
00-9118, Program in Science and Technology Cooperation,
Office of the Sciencc Advisor, U.S. Agenq-,c for inter.ational 
Development. 
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DO PESTICIDE USE AND FARMING PRACTICES REDUCE TBE 

AGRONOMIC BENEFITS OF VA MYCORRMlZAS IN BARBADOS? 

Susan B. Persad-Chinnery, Richard B.G. Dales and Louis E. Chinnery 

Department of Biology, University of the West Indies, Barbados. 

ABSTRACT 

Vesicular-arbuscular mycorrhizal (VAM) fungi are organisms that
form mutually beneficial associations with most plants and as suchhave the potential to be utilised as a biofertiliser in agro-ecosystems.
This review introduces the benefits of VAM fungi and examines theeffects agro-chemicals and Barbadian farming practices may have onthem. Very limited studies have been conducted on the effects of
pesticides, fertiliser and cropping practices on indigenous species of
VAM fungi in Barbadian soils. Research conducted elsewhere 
suggests that agro-chemicals and farming practices may have varying
effects on VAM fungi that are influenced by host plants, soil
conditions and the species of VAM fungi. Research needs to be
conducted locally such that indigenous species of VAM fungi
identified, their usefulness 

are 
with particular crops evaluated and the

effects of pesticides and farming practices on VAM fungal infection 
and propagule numbers determined. 

LNTRODUCTION 

One trend in worldwide agriculture is the Fungi forming VA mycorrhizas are classifiedattempt to shift from intensive agro-ecosystems into six genera within three families of the orderwhich require, high inputs to a more sustainable Glomales, class Zygomycetes: Entrophosporatype of agriculture where emphasis is placed on and Acaulospora of the family Acauloenvironmental preservation. The latter includes sporaceae, Scurellosporaand Gigasporaof theunderstanding the beneficial organisms within family Gigasporaccae and Glomus and Sclerothese systems and maximising their usefulness. cystis of the family Glomaceae. VA mycorrVesicular-arbuscular mycorrhizal (YAM) fungi hizas may be absent in members of the angioare one group of beneficial organisms that familiessperm Brassicaceae, Chenopodiaceaecolonise the roots of most plants to form VA and Cyperaceae and from soils that have beenmycorrhizas. The relationship between the mined, eroded or fumigated (Hirrel, 1978;plant and the fungus is such that the host Abbott and Robson, 1991). VAM fungi arereceives mineral nutrients via the fungus and the found mainly in top soil and their abundance isfungus obtains photosynthetically derived carbon drastically reduced below 30-50 cm from thecompounds from the host. VA mycorrhizas are soil surface (An et a!., 1990). However,the most commonly occurring and most wide- Schwab and Reeves (1981) found that in morespread type of mycorrhiza. arid soils, VAM fungal propagules such as 
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spores and extraradical hyphae can be found at 
depths below 50 cm. 

VA mycorrhizal plants have enhanced nutrient 
uptake, especially of phosphorus (Harley and 
Smith, 1983), and fewer incidences of micro-
nutrient deficiencies (Abbott and Robson, 1984). 
Such plants show increases in growth (Smith, 
1980; Gianinazzi-Pearson et a., 1989; Nielsen, 
1990), plant disease resistance (Morandi et al., 
1984; Feldmann et a!., 1989; Caron, 1989), 
drought tolerance (Mosse and Hayman, 1971; 
Davis et al., 1992), and reproduction (Koide et 
al., 1988). VAM fungi also partition nutrients 
between large plants and seedlings such that 
intra- and inter-species competition is reduced 
(Eissenstat & Newman, 1990). 

The growth promoting effect of VAM fungal 
infection can be attributed to enhanced 
phosphorus availability to the host plant, 
especially when these plants are grown in 
phosphorus-limited soils. Baas and Kuiper 
(1989) found that the physiological effects on 
plants as a result of VAM fungal infection are 
similar to those of phosphorus additions to soils 
low in this mineral. Conversely, soils with high 
phosphorus levels do not promote VA mycorr-
hizal formation (Menge, 1978; de Miranda et 
al., 1989). Soil phosphorus is present in three 
forms: (1) soluble inorganic phosphate in the 
soil solution, (2) insoluble mineral phosphate 
held in crystal lattices and (3) insoluble organic 
phosphorus compounds such as phytate (Tinker, 
1975). Soluble phosphate is the form that is 
readily utilized by plants and its concentration in 
soil solution is very low (less than 5pg g.' soil). 
Phosphates when added to soil can become 
adsorbed or form complexes with soil minerals, 
precipitate out of the soil solution or be utilized 
by soil microbes for growth. Apart from 
becoming unavailable to the plant, phosphorus 
diffuses slowly in soil (Buckman & Brady, 
1960). Usually, depletion zones develop around 
roots especially in soils with low concentrations 
of this macronutrient. VAM fungi extend the 

surface area of the roots and as such, the 
mycorrhizal root system can explore a greater 
volume of soil beyond the depletion zone for 
phosphorus. The smaller diameter of the 
hyphae allows the fungus to explore smaller 
pore spaces than roots. There have been studies 
suggesting that VAM fungi can alter unusable 
forms of phosphorus (i.e. adsorbed and organic 
phosphates) and make them available to the 
plant (Brundrett, 1991). 

In natural ecosystems VAM fungal populations 
in soil fluctuate due to plant growth stage, 
seasonal stress (e.g. wet or dry season) and soil 
factors (e.g. pH, salinity). Such fluctuations are 
measured either by quantifying the number and 
species of asexual spores or by determining the 
intensity of VAM fungal infection within roots 
during a growing season. The use of pesticides, 
some cropping practices (e.g. tillage, mono
culture) and fertilisation also promote such 
changes and may decrease the diversity of VAM 
fungi and reduce the beneficial effects that these 
fungi have on plant growth (Sieverding, 1989; 
Rabatin, 1989). This paper reviews the use of 
pesticides, fertilisers and farmiwg practices in 
Barbados and examines the effects that these 
agro-chemicals and practices may have on 
native VAM fungal populations and mycorrhizal 
associations. 

EFFECTS OF AGRO-CHEMICAL USE ON 
VAM FUNGI 

There have been few studies on the effects of 
pesticides and fertilisers on VAM fungi and the 
formation of VA mycorrhizas. Results from 
greenhouse pot culture experiments and, to a 
lesser extent, field experiments suggest that 
agricultural chemicals, used at recommended 
doses could have varying degrees of effect upon 
VAM fungi ranging from minor to severe 
(Trappe et al., 1984). Many pesticides exert 
effects on organisms for which the chemical was 
not specifically formulated. For example, an 
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insecticide may kill non-target insects, including 
biological control agents, or may have 
deleterious effects on beneficial fungi and 
bacteria. The interactions between pesticides
and non-target organisms, particularly beneficial 
ones, should always be considered before 
application. 

Fungicides 

Fungicides, either systemic or contact, are used 
in agro-ecosystems when fungal diseases 
threaten crop yields. Systemic fungicides are 
taken up by roots and leaves and are trans-
located throughout the plant thus rendering the 
entire plant resistant to infection. Contact 
fungicides are effective against pathogens only 
at the sites of application which are usually 
seeds, foliage and tubers. VAM fungi, as non-
target organisms, may be affected by fungicides
which may inhibit spore germination, mycelial 
development or sporulation. There are no 
reports of fungicides that totally eliminate VAM 
fungi and a few reports suggest that VAM 
fungal growth may even increase after the 
application of certain fungicides. 

Tables 1 and 2 list the fungicides approved for 
use in Barbados and no studies have been 
conducted to determine the effects of these 
fungicides on VAM fungi and VA mycorrhizas 
in Barbadian soil. Elsewhere, Rabatin (1989)
found that triazole fungicides suppress VAM 
fungal root infection and sporulation, and 
dicarboxinides and dithiocarbamates did not 
inhibit VAM formation when used at re-
commended rates. The effects of eleven fungi-
cides were tested on two species of Glomus by

Nemec (1980). Captafol at rates of 2.2, 4.5 


"
and 9.0 kg ha and captan at rates exceeding
9.0 kg ha" reduced infection and sporulation. 
Metalaxyl at rates as for captafol did not 
adversely affect the growth of mycorrhizal 
plants and had a slight growth reducing effect 
on G. etunicatum. All rates of benomyl 
whether applied to seeds or mixed into soil were 
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toxic to VAM fungi (Nemec, 1980) as are most
 
systemic fungicides (jalali and Domsch, 1975).
 
Maneb and chlorothalonil had no effect on G.
 
mosseae at rates of 5.6 kg ha"t but at rates of
 
11.2 and 22.4 kg ha'l sporulation was reduced.
 
Copper based fungicides which are generally
 
used to control phycomycetes and downy
 
mildews have also been reported to have a
 
growth reducing effect on VAM fungi (Graham,
 
1986; Nemec, 1980; Menge, 1982). All of
 
these types of fungicides mentioned have been
 
approved for use in Barbadian agro-ecosystems.
 

Hetrick and Wilson (1991) reported that meta
laxyl at concentrations of 100 and 200 pl 1"1 
increased root colonization by G. etunicatum. 
It was postulated that if the mycorrhizal fungi 
were parasitized by Oomycetes, which 
metalaxyl targets, then their elimination with 
metalaxyl would lead to an increase in VAM 
fungal colonization of plant roots. Thus, VAM 
fungi may have a more competitive ability in 
soil when its pathogens are controlled by certain 
fungicides. Further research is needed to 
determine the most effective fungicides for 
parasitic fungi that are the least harmful to 
VAM fungi. 

Herbicides 

Herbicides are used to control the presence of 
undesirable plants and may have indirect harm
ful effects on VAM fungi. When a plant is 
killed its mycorrhizal association breaks down 
and the extraradical mycelium has to infect 
another plant. If there are few or no plants 
remaining after the herbicide treatment then the 
survival of these fungi may be threatened. 
Alternatively the herbicide may lead to a shift in 
the dominant vegetation such that the dominant 
plant species is non-mycorrhizal or weakly 
mycorrhizal and this too may threaten the 
survival of VAM fungi. 

Bellamy (pers. comm.) found that sugarcane 
growth in Barbados was reduced when 2,4-D or 

45 

*i> 



Table 1: Approved systemic fungicides for use in Barbados 
_ -,(Data supplied by the Ministry of A riculture) 

TRADE NAME ICOMMON NAME 1 CHB41CAL CNRLI I I FAMILY 

Afugaa Pyrazopho. Organophogbhom Powdery mildcw. 
Pyrazolo-pynmdine 

AlieUi Fosetyl Orgsnophoapborus Phycomycetes
Or nifnoalumrlnjm 

Baycor Biterunol Triazole Rust, powdery mildews 
Rayleto" Trisdmefon Trua.le Powdery milde" 
Benlste Beinoryl lenzidamlz Wide nae of fungal di ea" 
Caus Anilide Rust diseg4sBenodanl 

Copper Wu,icide Copper Oxychloed Downy mildews, Phytoplhhom, 
x C Opr HydroxideCuprous O3ide Pydd n diseases 

Fuberdazole Fuberdazole Benzimidazole Seed tretmernt 
Haitin Fentin Hydroxide Orvanodin Widernne of fun st diseses 
Meswcit Thiabcndazole Triazole, Wide range o"fungal disase 

Benzirnidszole 

Polyoxin yoin Antibioie Wide ranze ofFun al diseases 
Ridomril M7 MeislAxyl Acylsianine Peronomoortles 

.mpam Metham-sodium Dithiocarbarrte Soil furn aditerilart
 
powdery mildewx (A"'omyceies, Erysiphales). ru (Baidiomycete, Uredinales), downy mildew (Oomyc-aes, P r 
 oqneks). 

Table 2: Contact fungicides approved for use in Barbados:-(PataprovidedbytheMinistryofAgriculture) 
TRADE NAME COMMON NAME CHEMICAL J USES & TARGET 

__cof FAMILY
 
AnLracol 
 Propineb Carbaoute Downy mildew, n,--,uigatakOrsown brny idw r~s igthL 

in 

Atan 2-Methoxjethyl-a-rcuric Organorr.ury Sed coatdng,'blondeBotrilex, Terraclor Quint=c Oepehkorine Seed ud sol unicide, damping. 

offdieas 
Bravo. Daconl Chlorothalaoi Phtharn;de Wide rane o funaldiseases 
Captan, Orthocide, Captan PhthalIe Wide mast of funga1Merpon 

Cu rza te Cymoxanil Urea Ace'.ainde Peronozoortles 
Dhihane, Zinb Zineb Or~anozinc. Dthiocarbamute Down rnildew
 
Dithane 
 Mancozeb Oeno-inc, Dihiocarbanute Wide range ot lungal diseases 
Dyrmne Anilazine TdszIneOrmnchlorine Wide ranve of hu2al diseases 
Mncb, Manzate Mancb rOrganornang e.rn Vide range of &ungald6eas 

Dtharbesnute
Ortho Difolatan Captatol Phthsaindde Wide range or I diseases 
Ro rul Iirodione Dicarboimide Vide range of fungal diwass 
Terra-tat Terzole Eiridiazole Thisdioule Plrwophzhora. Pwdtuw 
"inezun Fentin acetate Oritsnoin Wide range of fungal diseases 
Toaase Mildew Spray Dinocp Nitrcno d Powde mildewi 
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Table 3. Herbicides approved for use in Barbados (Ministry of Azriculture 1983). 

S TRADE NAME 

Actm! 

Ar'lon 


Ametrex. Gesapak 

Amex 

Anuben 

Anine 2, 4 D, U 46 D,Weedar 

Ansar, Daconate 

Atranex, Atrazine, Oesaprim 

Banvel 


B__ _ __ _ _ 

Butoxone 

Cotoran 

Dacthal 


Dalapon, Gramcvin, Dowpon 


DEF 

Diurex, Diuron,KArmex 


Dymid, Enide 


Gexsazrd 

Grsmoxone 

HyvarX 

lerun 

Lasso 

NaTa TCA 

Patoran 

Perfian 

Phvtsr 

Planavin 

Pyrunin 

Reglone 

Ronstar 

Roundup 

Surflan 

Tordon 

Treflan 

Velpar 

Weedazol 

COMON NAME 


Toxvnil 


Linuron 


Ametryn 


Butralin 


Chloramben 


214 D 

MSMA 

Atmtzine 


Dicamba 

Rentazone 

214"DB 


Fluonmeturon 

Chlortial-dimethvl 


Dalanon-sodium 


S,S,S--nbutyl 

phoshorotri__iot_
 

Diuron 


Diphenanid 


Prometryn 


Paracut dichloride 


Bromacil 


Terbutrvn 


Alachlor 


TCA 

Metobromuron 

Tebuthiuron 

Dimethvilrsinic acid 

Nitralin 

Chnlc.dazon 


Dieuat d[bromide 


Oxadiazon 


Glyphoate 

Oryflin 

Picloram 

Triflurain 


Rexazinone 


Amtrole 


CHEMICAL FAMILY 

Nirile 

Ure 

Triazine 


Dinitroanilne 


Bcio;c 


Phenoxl 


Ornnoarsenk 


Tiazilne 


Benzoic 


BenzothdiUzole 


Psenory 


Trifluoromethyl, Urea 


Pthar: acid 


Orzanochlorine 


Organopbosphorus 


Ur-ea 


Acearnide 

Triazine 

Bipridylium 


Uracil 


Trazine 

Accurate 


Ariphatc 

ure 

Urea. Thiadiazole 


Oresnoarunic 


Nitrocompound 


Pvriduzin 


Bipridyfium 

Oxadiazok 

Organoohosohous 

Nitrocompound 

Pridi 

Trifluorornedayl 
Dinitroaniline 

Triazine 

Triazic 

JUSES' 

B 0
 

B S
 

B.S
 

B S
 

B S
 

C.S
 

B.0 

B.S 

C S 

B.0 

C. S 

B. S 

B 0
n 


C S
 

D, T 

A. S'
 

B S
 

B S
 

C P
 

A. S' 

S
 

B. S 

C S 

B S 

A S' 

A.S'
 

Bt S
 

B S
 

B P 

B.0
 

C. S' 

B.S 

C S
 

B, 0 

C. P 

A. S' 

0 selective contact herbicide with some systemic activity, P = non-selective contact herbicide, S selective systemic. S' non-selective systemic,A - all weeds on uncropped land, B - annual grasses and broad-leaved weeds, C - Controls annual, biennial and perennial weeds, D = used to dcfolUate 
cocton prior to harvesting, T = plant growth regulator. 
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Dowpon were used to control weeds compared for dispersing spores may contribute to changes 
to manual weeding. This effect could have in species diversity in a field. Generally most 
resulted from nega.tive effects on VAM forma- insecticides .re applied to foliar parts of the 
tion or other beneficial organisims (e.g. plant and when used at recommended rates 
nitrogen-fixing bacteria). Chinnery et al. should not affect VAM fungi. However, they 
(1987) previously showed that sugarcane is may be used at concentrations above the re
highly mycorrhizal. Elsewhere, Dehne et al. commended rate or at a frequency greater than 
(1990) reported that 2,4-D at recommended rate that recommended (Ferdinand, 1988; Chinnery 
did not have any harmful effects on VAM fungi. and Gibbs, 1990). Buildup of insecticide 
The herbicide paraquat was found to reduce residues in the soil could lead to deleterious 
VAM fung'J infection in roots and sporulation effects on VAM fungi. Tables 4 and 5 list 
but generally herbicides do not have fatal effects insecticides that have been approved for use in 
on VAM fungi (Rabatin et al., 1989). Dehne et Barbados. These insecticides have have not 
al. (1990) tested the effects of herbicides on been tested to evaluate their effects on VAM 
hyphal growth and VAM fungal infection, fungi and VA mycorrhizas in Barbadian soils. 
Alachlor used at recommended rates depressed 
hyphal growth and diquat also at recommended Fertilisers 
rates did not have any adverse effects on VAM 
fungi. This study was conducted on G. Intensive fertilisation may decrease Lh, quantity 
fasciculatwn, G. etunicatum and G. mosseae. of VA mycorrhizal fungi in some tropical soils 
It should not be inferred that other genera would and it has been consistently shown that 
react similarly when exposed to herbicides. increased levels of phosphorus in soils tends to 
Information on the sensitivities of indigenous demote the formation of mycorrhizas 
species to herbicides need to be collected. (Sieverding, 1989). Phosphorus fertilisers 
Table 3 lists the commonly used herbicides in applied to fields at concentrations greater than 
Barbados. There are no known reports on the 50 kg P ha' t reduce the formation of VA 
effects of most of these herbicides on VAM mycorrhizas (Sieverding, 1991). Abbott and 
fungi in Barbadian or any other soils. Robson (1984) reported that high phosphorus 

and nitrogen levels decreased VAM infection 
Insecticides within roots. Addition of fertiUisers, especially 

phosphates, to soil creates situations where the 
There is little information available on the crop plants depend less on VAM fungi for 
effects of insecticides on VAM fungi. Insecti- growth and, at very high phosphorus levels, 
cides may have no effect or either cause promo- root systems are normally sparsely infected.
 
tory or inhibitory effects on growth and sporu- Ellis et al. (1992) found that root colonization
 
lation of VAM fungi. Trappe et al. (1984) of soybean and sorghum by VAM fungi was
 

" 
reported that carbofuran at 22 kg ha and greatest when fertiliser was not applied to the 
oxamyl as a foliar spray did not have any effect soil. Figure 1 shows the amounts of phosphorus 
on sporulation of VAM fungi. A promotory fertiliser imported into Barbados over a ten year 
effect may be realized if the insecticide period. Assuming tiat 90 % of the imported 
eliminates predators of these fungi. Soil phosphorus fertiliser was applied to 10445 ha of 
organisms like collembola and nematodes graze non-sugar agro-ecosystems (1989 statistic) then 
VAM fungal hyphae and spores. Thus if these approximately 40 kg phosphate fertilizer was 
organisms are killed increased fungal growth used per hectare. This value is approaching the 
and sporulation may result. Alternatively, levels that will impact negatively on VAM 
insecticides that kill soil organisms responsible fungi. 
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Table 4: Organophosphorus insecticides approved for agricultural use in Barbados. 
(Data provided by the Ministry of Agriculture) 

TRADE NAME 

Acetellic 

Anthio 

Azodrin 

Basudin, Ditzol. Disonex 

Baytex, Lebaycid 

Bercotox 

Bidrin 

Birlane, Suporna 

Brmophos 

Cidial, Pesfekthion 

Cwon. Rogor. Svsioate 

Dibrom 


Dipterex, Daex 


Ekalux 

Fenitrothion. Fentro, 

Folithion. Sumithion
 

Cardona 

Hostathion 

Kilval 

Malathion, Mlkill. Meldrex 

Mocp 

Oftpnol 

Orthene. Ortho 

Phosdrin 

Surecide 

Tok-uthion 

TrLchlorphon 

COMMON NAME 

Pirimiphos-methyl 


Fornothion 


Monocrotophoa 


Diazinon 


Fenthion 


Dioxathion 

Dicrotophos 


Chlorfenvinfos 


Bromophs 


Phenthoste 


Dimethoate 


Naled 

Trichlorfon 


ouinalphos 


Fenitrothion 


Tetrachlorvinphos 


Trizzophos 


Vanidothion 


Malathion 


Ehoproohos 


Tsorenphos 


Acchate 


Mevinohos 


Cvanotenohos 

Prothiofos 


Trichlorfon 


- CONTROLS' 

Wide rite of insects and mites (C)
 

SuckLn. and mining insects and mites (C)
 

Wide rs ze of insects and mites (C)
 

ChewL-.z and stcking insects and mites (B)
 

Frsit-Itles, lcaflopper, lexfriners, stem borer.

let-estirn larvae (A)
 

Many insects and mites (C)
 

Suckirr, chewinz,boring insects and nitcs(C)
 

Soil insects and mites (C)
 

Di tews Herniters. Lepidopter, Coleotern (A)
 

Wide nnze of insects (B)
 

Wide rmne of insects (C)
 

Wide ri. eof insects and mites (A)
 

Dipters, Leidoptera, Hymcnoptrra, Hemiptera,
Colc.oterla l __'
 

Many ir.ct nests (C)
 

Chewing, sucking and boring insects (A)
 

Lepido-ter, Dieter (B)
 

Wide rinrc of insects. mitesaM vrematodes (A")
 

Wide rine ofinsett (C)
 

Sucking and chewinginsects and mit4s (B)
 

Plant assitic nematodes and soUlinsects (A"')
 

Cabba eroot flies, tarrot flies onion flies (C)
 

Chewi.z and suckinZ insecta (C')
 

Chewir" sndsuckine insects and mites (C')
 

Suckin, and chewing ir cts (C"')
 

LUaf-e.atinz caterpilisr and thrips (A')
 

Wide m-.ne of inect pests (A') 

A non-systemic iecticide with contact, stomach and respiratory action, A'.- ro-systenic insecticide with contact and stomach action,A" - non-iystemic insecticide, acarcide, nematicida with contact and stomach action, A"'  Doo-systemic oematicide and sol insecticide with contactaction, B = Don-,arsteic insecticide and acricide with contact, stomach and respiratorf action, C - systemic insecticide and acacide with contact adstomach action, C - systemic insecticide with conuct and stomach action, C"'- systemic insectide, scaricide nemaicide with contact and stomach.
action. 
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Table 5: Other insecticides approved for agricultural use in Barbados 
(Data provided by the Ministry of Agriculture). 

TRADE NAME -] COMMON NAME 

Aidrine Aldrin 

Allethrine Allethrin 

Ambush Permethrin 

Eayvon,Finis Propoxur 

Belrark Fenvalerate 

Chlordane Chiordane 

Decis Delmn-ethrin 

Dieldrine Dieldrin 

Diptl Bacillus thurinfensi 

Endrin Edrrin 

Ficam Bendiocarb 

Folimat Omethoate 

Fundal Chlordimetform 

Furidan Carbofuran 

Gamma BHC. Gamuox UnMane 

Heot.achlor, Heptchlor 

Kethane Dicofol 

LAansute Methomyl 

Osbac Fcnobucaro 

Pad-n Cartaphydrochloride 

Ptropal AzocyclotOa 

Phosioxin Phosphine 

Pybuthrio Piperoryl butoxide 

Pyrethrin Pyrethrins 

Ripcord Cyperinethrin 

Sevin Carbaryl 

Thiodan.Thonex. Tiovel Endosulfan 

Vydte Oxamyl 

FAMILY 

Ormanochlorioe 

Pyrethroid 

Pyrethroid 

Carbamate 

Pyrethroid 

Orranochlorri 

Pyethro;d 

Ortanochlorin 

Biological 

Or2anochlorine 

Carbarnate 

Fonmamidine 

Carbanute 

Oritanochlorine 


Or~anohlorine 


Orvanochlorine 

Carbafnute 

Carbainute 

Thiocarbamute 

Triazole,
Orano~in 

Inoryanic 

Benzodioxolc 
_ 

Pvrvthroid 

Pyrethroid 

Carbaute 

Orranochlorine 


Carbamate 


CHEMICAL T CONTROLS
 

Soil dwlling insects (A)
 

Flies mosouito and ants (A)
 

Lepidoptert and Coloptera (A)
 

Sucking and chewing insects (A)
 

Wide n insects (A')
 

Wide ranee of insect, (A)
 

Many soccies of insects (A')
 

Mainly termites and locusts (A')
 

Lepidooterous larvae (D)
 

Wide rine of insects (A')
 

Soil and secd treatment and folar insacts (C*)
 

Insects and miles R)
 

Soil dweling and foliar eating insects (C")
 

Phytophaeou, andsoil dwelling insects (A)
 

Termites,. ants and soil insects (A)
 

Many S:..cisc ofmites (E)
 

Wide ringe of.insects (C)
 

Suckine ifl-cts (D)
 

ChewinZ and sucking ins.et, (C')
 

Spidcr L-,ies
(E) 

In.ecti and rodent Pests() 

Syncrisn for pymdtrins and related 
insecticdes.
 

Wide rane of insects and mites(A')
 

Wide rne of-insects(A')
 

Chewing and suckinz insects (K
 

Sucking, chewing and boring insects (M
 

C cwiz and sucking insects (C") 

A -no"a.mic inseeticides with contact, stomach and resirato'y actioo. A' - non-,ystemc inscticide with contact and stomach action, B =- .systic insecticide and acaricide with contact an, stomach action, C - systemic insectieide and acaricide with contact and stomach action, C' - sysemicIscticide with contact and stomach action, C" - systemic secticide, acaricide, nermadcidc with contact and stomach action, D = insecticide with stomach
action, E - oo-systerniicacarieide with contact action, J - iasecticide and rodenticide, respiratory, metabolic and nerve poison, K - insecticide with slightsyst.mic properties, acts as a plant growth rcgulator. 
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Figure 1. The amount and value of fertilisers containing phosphorus for the years 1982 to 
1991 as recorded by the Barbados Customs Department. 
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Plant Growth Regulators 

Michelini et al. (1989) tested the effect of the 
triazole paclobutrazol on the mycorrhizas of 
Citrus macrophylla in Barbados. These trees 
were colonised with an indigenous species of 
Glomus. They reported that paclobutrazol 
applied at 1.0 g active ingredient per 11 dm "3 

soil significantly increased the intensity of VAM 
fungal infection within roots when compared to 
control plants. Paclobutrazol, which also has 
fungicidal properties, did not appear to have any 
deleterious effects on VAM fungi. This study 
also suggests that VAM fungi reduced the 
effects of root stunting caused by paclobutrazol. 
The plant growth regulator DEF (Table 3) is 
approved for use in Barbados and no studies 
have yet been conducted to test its effects on 
indigenous VAM fungal populations, 

EFFFCTS OF AGRICULTURAL 
PRACTICES ON VAM FUNGI 

Changes in the distribution and species diversity 
of VAM fungi in the soil can occur either 
suddenly (e.g. flooding) or gradually (e.g. 
through agricultural practices). These fungi are 
also affected by the soil and the host plant when 
grown in an agricultural field. The effects of 
agricultural practices on VAM fungi and VA 
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mycorrhizas have not been studied widely in 
Barbados. 

Crop rotation 

Unbalanced crop rotation where a VAM fungal 
host is alternated with a non-host species is very 
likely to lead to a reduction in the number and 
species diversity of VAM fungi in the soil. 
Alternating crops that are mycorrhizal is 
suggested if the population of VAM fungi is to 
exert a significantly beneficial effect on 
agricultural production. Harinikumar and 
Bagyaraj (1989) reported stimulated mycorrhizal 
root colonization and sporulation when crop 
rotation was carried out. 

Continuous monoculture has been shown to have 
a decreasing effect on the abundance of VAM 
propagules in the soil while intercropping 
supports a diversity of VAM fungal types 
(Sieverding, 1991). However, in Barbados 
continuous monoculture of sugarcane does not 
seem to have caused a reduction in the 
formation of VA mycorrhizas (Chinnery et al., 
1987). This contradictory finding indicates that 
further studies need to be conducted since 
different species of VAM fungi may react 
differently when associated with particular 
crops. A fallow period is normally necessary 
for fields that have been extensively 
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monocultured as a means of replenishing the 
diversity of VAM fungal populations. Fallow, 
or lay aside, is not normally practiced in 
Barbadian agriculture. 

Organic manure 

The incorporation of fresh organic manure into 
top soil can have a reducing effect on the 
formations of mycorrhizas. Brechelt (1989) 
found that an increase in amounts of fresh 
manure led to a decrease in mycorrhizal 
efficiency due to the increased phosphorus 
levels in the soil. Composted manure has been 
shown to improvv the effectiveness of VAM 
fungi (Sieverding, 1991). In Barbados, de Boer 
(1992) reported that compost consisting of filter-
press mud, bagasse and fly-ash leads to an 
increase in sugarcane yields when compared to 
N-K fertiliser application. It is possible that an 
effect of the compost is the promotion of VA 
mycorrhizal associations which led to better 
yields. 

Plant residues returned to the soil have been 
reported to have promotory effects on VAM 
fungal propagules in the soil. However, such a 
practice can retain disease and pest organisms in 
the field and should be exercised with caution, 

Tillage 

Recently there has been emphasis on cropping 
with reduced tillage. This has been advocated 
mainly because tillage promotes soil erosion, 
reduces soil moisture and promotes the prolific 
growth of saprophytic bacteria rather than fungi. 
Dibb et al. (1990) reported that tillage alters the 
distribution of VAM fungi in the soil profile and 
can lead to reduced VA mycorrhiza efficiency 
and lower spore densities. Due to the 
predominance of clay in Barbadian soils there is 
a tendency for the soil to compact and self-
decompact. Compaction tco, can alter the 
occurrence of VAM fungi in the field hence, a 
balance of tillage and compaction must be 

sought to minimize their negative effects on 
VAM fungi. 

Acidification 

Abbott and Robson (1991) reported that 
acidification can reduce the distribution of VAM 
fungi. Although the soils of Barbados are 
alkaline it is not standard practice to acidify soil 
prior to planting. Should acidification become 
necessary for the growth of certain crops in the 
future then, research would need to be 
conducted to evaluate the effects of acidification 
on indigenous VAM fungal populations. 

CONCLUSION 

The effects of agro-chemicals on VAM fungi 
are variable. The effects whether promotory or 
harmful to these fungi appear to vary for the 
particular agro-ecosystem and the species of 
VAM fungi present. Some studies, done else
where, on the effects of pesticides on VAM 
fungi and VA mycorrhizas have used 
greenhouse pot cultures and research needs to 
be shifted from greenhouse experiments to the 
field. Results obtained from greenhouse 
experiments usually do not equate to the field 
situation. Since most of the agro-chemicals 
approved for use in Barbados have not been 
tested to determine their effects on indigenous 
VAM fungi and other beneficial organisms it 
may be advisable for such tests to be conducted 
before an agro-chemical is approved for use. 

Very little information exists on the effects of 
agricultural practices on VAM fungi. If sustain
able agriculture is to be achieved then the indi
genous VAM fungal populations and their effec
tiveness and competitive ability must be evalu
ated. With this information the most effective 
VAM fungi for a particular crop can be 
determined and seedlings can be infected in the 
nursery before introduction into the field or it 
may be possible to inoculate entire fields with 
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Developing a gene transfer system for VAA fungi of tie genus 
Gigaspora (Zygomyeetes, Glomales). 

S.B. Persad-Chinncry and R.B.G. Dales 
Department of Biology, University of the West Indies, 

Cave Hill Campus, P.O. Box 64, Bridgetown, Barbados. 

Abstract 

Vesicular-arbuscular mycorrhizal (VAM') mutualisms enhance almost all plant productivity in natural and agroecosystems. Attempts are being made to manipulate the fungal symbiont through the development of adirect gcnetransfer (transformation) system for Gigaspora using G. decipiens, G. margarita and G. rosea. A nuclearcytology study has been conducted on germ-tubs, pre-infection hyphac, intraradical hyphac and extraradicalhyphac ofG. decipiens and G. rosea to detcrmine the most appropriate stage of the fungal life-cycle to targetfor transformation. Putative mitotic nuclei wcre observed within intra-and cxtraradical hyphae and it wasdccidcd that the latterarc more suitable for transformation since theyare free ofroot material. Spores ofG. decipictisand G. rosea were tested for their sensitivities to the antibiotics, hygromycin and neomycin. Preliminary resultsshow that both spEcies are sensitive to each antibiotic at a concentration of 5.0 g mi". A comparison of thesesensitivity values with those obtained for other eukaryotEs indicates that hygromycin or neomycin resistance canbe used as a sclcctable marker in a direct gene transfer system for these VAM fungi. A gcnomic DNA library isbeing constructed from G.margarita,as an initial step inthe isolation and identification ofa Gigaspora promoter.Subsequent steps for obtaining a Gigaspora promoter and its use in the construction of a suitable transfonnation 
vector will be discussed. 

Key words: mycorThizas, protoplasts, biolistics, promoter 

Introduction 

Most plants in natural ecosystems have nycorrhiza Iassociations. Vesicular-arbuscular mycorrhizas (VAM) are highlycoevolved mutualistic associations between most vascularplants and soil fungi of the class Zygomycetes. The relationbetween the host plant and the fungus is such that the host receives mineral nutrients, especially phosphorus, via thefungus and the fungus obtains photo-synthetically derived carboncompounds from the host. VAM fungi are obligatclydependent upon the host plant for carbonsince they are very weaklysaprophytica nd as such they cannot gain su fficieitt
carbon from residual organic matter for survival. 

VAM fungi increase plant productivity by improving the water relations of plants (Alien etal., 1981), improving thesurvival rate of transplanted seedlings (Mosse and Hayman, 1971), increasing plant growth (Smith, 1980; Nielsen,
1990), enhancing plant disease resistance (Morandi et aL., 1984; Feldmann et aL., 1989; Caron, 1989), enhancingreproduction (Koide et aL., 1988) and ameliorating competition between large plants and seedlings (Eissenstat & 



Newman, 1990). However, improved phosphorus uptake has consistently proven to be the primary factor providingthe benefit of improved plant productivity (e.g. Baas &Kuiper, 1989; Menge, 1978; Michelsen & Rosendahl, 1990).VAM fungi extend the surface area of the roots so the mycorrhizal root system can explore a greater volume of soilfor phosphorus. Soil phosphorus is present in three forms, phosphates in soil solution, organic phosphates thateventually become soluble phosphates and insoluble mineral phosphates held in crystal lattices. Phosphates are veryimmobile insoil and hence depletion zones develop around the roots, especially in soils low in this nmacronutrient. Thesinallerdiametcr of the hyphae allows the fungus to explore snallerpore spaces than roots and root hairs. Some studiessuggest that VAM fungi can alter unusable forms of phosphorus (i.e. mineral and organic phosphates) and so makethem available to the plant (Brundrett, 1991). 

No genetic systems are known for VAM fungi. These fungi do not grow in vitro in the absence of plant roots andeven in cultures in the presence ofplant roots, fungal growth frequently ceases. No sexual stages have been identifiedconclusively for VAM fungi and it seems that the development of a direct gene transfer system is the only methodby which fungal manipulation at a genetic level can be achieved. The work presented in this paper represenls aseriesof progressive steps in the development of a transfornalion system for VAM fungi of the genus Gigaspora using G.decipiens Hall & Abbott, G.margarita Becker & Hall and G. rosea Nicolson & Schenok. 

Materials and methods 

Nuclar-cytoloy ofG. decipiens and G. rosea 

Five categories of hyphac were 
examined to investigate nuclear behaviour: (a) germ-tubcs which are unbranchedhyphal protrusions of up to 5 min in length, (b)pre-infection hyphae which are hyphac that extend beyond the lengthof germ-tubes but have not established mycorrhizal symbiosis with a root and may have branched, (c) pre-infectionhyphac in the presence of tissue cultured whole plants or transformed carrot (Daucascarota L.) root cultures, (d)intraradical hyphac which are hyphae formed within a mycorthizal root and (e) extraradical hyphae which refer tohyphac that grow into the soil from amycorrhizal root. All samplcs were stained with 1.0ig nil" DAPI (4,6-dianiidino2-phenylindole) made up in 5 %Nonidct P40 and viewed undcr epifluorescetice and phase conlrastmicroscopy. 
 Germ-tubes and pre-infection hyphae were sometimes fixed in 2 %glutaraldehyde prior to nuclear
staining. In order to observe intra- and extraradical hyphae leek mycorrhizas were cut into lengths of approximately
5 mand fixed overnight in2 %glutaraldehyde. They were washed in distilled watcrand cleared in 0.05 %(v/v) lacticacid at 600C for one hour. These sections of mycorrhizas were subsequently washed and cooked in d stilled water at60 0C for another hour. The sections were then squashed on a microscope slide and stained with DAPI. 

Antibiotic sensitLviLytests 

Approximately 40 spores of G. decipiens or G. rosea were surface decontaminated in 5% (wt/vol) Chloramine Tby the method of Totumerup and Kidby (1976) and gerninated in sterile mulliwell dishes, with each well containing"
1.0 ml of 3.2 unit m cellulase from Trichoderma reesei (Persad-Chinnery et al., in press) containing eitherhygromycin or neomycin. Concentrations of 5, 10, 15, 25 or 40,ug nml" of each antibiolic were used. 
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Construction of a VAM fungal gcnomic library in the cosmid pWEI5 

DNA was gently isolated from 400 spores of G. margarita by a modification of the VAM fungal DNA isolation
method used by Burggraaf and Beringer (1989). Spores were surface decontaminated as before, crushed in 0.45 mM 
ED'IA, 1%(wt/v) SDS, 10 nM Trs.Cl (pH8.0) and 1.0 ignd*' Proteinase K, and incubated for a minimuu of 4
hours. The DNA was treated with 1.0 mg nI" DNA-free RNase and precipated in 7.5 M ammonium acetate and 95
% ethanol. The DNA was pclletcd by centrifugation at 1200xg and redissolved in TE buffer (pH 8.0). VAM fungal
DNA fragments ofbetwecn 29 and 44 kb were ligatcd into the cosmid pWEI5 (Stratagcne). It is intended to packagethe cosmid construct into lambda plagc heads (Promcga Packagcne kit) and sclect transductants in E. coli LE392
using ampicillin resistance. The library will be replicated and stored at -20'C for further analysis. The VAM DNA 
fragments can be easily excised from pWEI5 which has twoNot I sites flanking the cloning site. 

Results and discussion 

Very little informalion has been published on the nuclear cytology of VAM fungi. To date only the multinuclcate 
nature ofspores and gcrm-tubcs have been reported (Cook clal., 1987). No mitotic structures were observed in germ
tubes and pre-infcction hyphae. However, putative mitoticstructures were observed in intra- and extra- radical hyphae.
It is believed that a transformation system is likely to be more successful in regions of hyphae in which nuclei are
dividing (especially if biolistics is used forgene transfer) or inprotoplasts containing nuclei in ndtosis. As extraradical 
hyphae are free of root material they are more suitable to target for transformation than intraradical hyphac. 

Preliminary results indicated that sensitivity in both species of Gigaspora is achieved at concentrations greater than
5,ug ml*' for either hygromycin or neomycin. However, these experiments are goingto be repeated with concentrations 
ofantibiotics less than 5/ig nil "' to determinc the minimum concentration ofeach antibiotic that will elicita sensitivity 
response in the fungi. Most plants have a hygromycin sensitivity value between 25 - 200pg ml-' and work done on
several strains ofFrankia (Actinomycetes) deternned aneomycin sensitivity range of 1 - 20ug ml1. The antibiotic
sensitivity tests of G. decipiens and G. rosea indicate that it is likely that bygromycin or neonycin resistance 
can be used as a selectable marker in the development of a gene transfer system for VAM fungi. 

Unlike eukaryotic plant promoters which, are fairly non-specific, fungal promoters seemspecific for their respective
class. For exaniple, basidiomycete promoters do not fu nction in Asco nycetes and vice versa. VAM fungi are members 
of the Zygomycetes and it is thought that a zygomycetous fungal promoter may be needed in the development of a
transformaticn system for these fungi. DN k was isolated from VAM fungal spores as an initial step in the construction 
of a genomic DNA library and ultimately in the identification of a VAM fungal promoter. 

At present a DNA sequence data base (GenB*ank) is beingsearched for the sequences of fungal actin genes. These 
are highly conserved sequences and since actin is probably expressed continuously in fungal cells the promoter is likely
to be astrong one. The actin sequences obtained from the data base will be compared in order to identify conserved 
regions within the gene sequences. Depending on the positions of the conserved regions in relation to the upstream
end of the actin sequence it may be possible to synthesise two oligonucleotide primers, complementary to conserved,
upstream actin sequences. These primers can then be used to amplify this region of the actin gene from the VAM fungal 
genome using the polymcrase chain reaction (PCR). 
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The PCR product of the amplified achin sequence will be used to probe the cosmid library. The probe should onlyhybridi:!e to recombinant clones containing the actin gene scqunce. The VAM DNA from Ilhese recombinant cloneswill be physically mapped using a range of restriction enzymes. Agarose gels of restriction enzyme digests will beSouthern blotted and probed with the PCR product to 
 locate those fragments containing the actin sequence. 
 Theseand contiguous fragments will be sub-cloned into pBluescript (Stratagene) and sequenced. The Gigaspora aclinpromoter region will be identified by DNA sequence analysis. 

Havingoblained aGigaspora promoter, itcan then besub-cloned intoa suitable plasmid vectorcairying apromoterlesshygromycinorneomycin gene. Thisplasmid construct may besuitable foruse in an attempt to develop a transfornmtionsystem for VAM fungi. Three direct gene transfer methods will be considered to transform these VAM fungi, DNAuptake byprotoplasts usingeither PEGor electroporation, and biolistics. Apolential problem with the first two methodsisthat aprotoplast isolation procedure for VAM fungi isstill beingdeveloped and nothing is known of the regenerativeability of these fungi. The use of microprojectiles in Iransfonmation appears to be a promising alternative providingthat the appropriate physical and biological factors can be determined for the execution of successful hits. 

If biolislics is to be used in an attempt to transform VAM fungi then a transformation detection system must bedeveloped. 'Ihe 0-glucuronidasc (GUS) gene from E. coli has been developed and used extensively as ascorablemarker in plant transformation experiments. The use of this gene over othcr markers in the development of atransformation detection system for VAM fungi offers two nain advantages, firstly tiere are sensitive assay sysltensto quantify or localise the expression of the enzyme and secondly these assay systems should be applicable to fungiwithout the worry ofbackground activity to interfere with the assay. Substrates for the fi-glucuronidase enzyme includemcthylumbeliferylglucuronide (MUG) which is broken down to give the easily quantified fluorogenic compoundmethylumbeliferone (MU), and the compound 5"bromo-4-chloro-3-indoly-glucuronide (X-GLUC) which is brokendown to give the indigo dye whose presence can indicate the site of expression of the gene. Germ-tubes from sporesand extra-radical VAM fungal hyphae are presently being tested for inherent fi-glucuronidase activity. This willdetermine if the GUS gene can be used in adetection assay for VAM fungi. If there islittle orno inherent GUS activityin VAM fungi, the Gigaspora promoter can be inserted upstream of apromoter-less GUS gene to provide acasscttefor use in a transformation detectionsystem. The plasmid pRAJ275 carrics apromnolcr-less GUS gene and an upstreanmrestriction site into which the Gigaspora promoter can be cloned and it is intended that it be used for ibis purpose. 

The development of a transformation system for VAM fungi can be used to manipulate the mycorrhizal symbiosis toimprove crop production and to further understand the mycorrhizal association. Additionally it may be possibe thatthrough a transformation system, continued in vitro VAM fungal growth might be achieved. If unrestricted VAMfungal growth becomes a reality then large amounts of inoculum can be produced for field application. 
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Abstract 

Attempts to liberate protoplasts front hyphae of the vesicular-arbuscular mycorrhizal fungi Gigasporadecipiens andG. rosea using mixtures of conunercially available lytic enzymes and an extracellular chitosanase enzyme prep redfrom a streptomycete air described. DNA from spores of G. decoiens,G. margarita and G. rosea has been extractedand visualised by agarose gel electrophore.sis. Thc nuclear 5.8S ribosomial DNA sequence and the two flanking internaltra iscribcd spacers ofG. margarita have bccn amplificd by tlie polyincrasc cha in reaction and the sizes ofthe fragments 
cstimatcd. 

Introduction 

Vesicula r-arbuscular mycorrhizac (VAM) are mutualistic associations that have evolved between many fa milics ofpla iltsand ilamentous fungi of (lie class Zygomycctes (Morton and Benny, 1990). Tc; fungi infcct roots of host plaids and
cnhancc thc niincral nutrition of thc plants; whilc rccciving IliolosyntIciles in return (Ho and Trappc, 1973). To dale therehave been no reproducible reports ofsuccess in growing VAM fungi in pure culture and the fungi arer dll thought to beobligate symbionts. Most publishcd rescarch on VAM fungi has concentrated on the beneficial nature of the symbiosisand the ecology of the fungi. No genetic analysis of VAM fungi has been published and the first DNA sequence from 
any of thie fungi has only recently been reported (Simon et al., 1992). 

Methods for the production and fusion ofprotoplasts from many filamnentous fungi are well established (Peberdy, 1979),but protoplast fonnation in VAM fungi has not been reported. Genetical methods, using either natura lly-occurringsexua Isystems, if any such systems exist, orinvitro gene transfer, are not currently available forstudying ormanipulating VAMfungi. Transformation of VAM fungi could provide a technique for studying the genetic and biochemical interaction
betwcen the fungi and their hosts, and may allow localiscd expression of beneficial genes in plant mrots. One possibletransfomiation technique would involve the uptake of exogenous DNA by protoplasts. It has been reported that nucleardivision could not be demonstrated in vitro during or after spore germination in Gigasporamargarita Beckera nd Hall(Burggraafand Beringer, 1989). Investiga tions on nuclca r cytology in G. decipiens Hall and Abbott and G. rosea Nicol.
and Schenck suggest that nuclear division nay be occurring in extraradical hyphac of these spccics (Pcrsad-Chinncry
and Dales, this volume). It is thought that fungal matcrial containing dividing nuclei would be best suitcd for
Iransformation and it is therefore intcndcd to isolatc protoplasts froin cxtraradical hyphac ofG. decipiens and G. rosea as an initial stage in the development ofa transfonnation system for these fungi. Farkas (1990) has reported that theprincipal ccll wall component of Zygomyccte fungi is chitosan. Chitosan is a linear polymer of G-1,4 linked Dglucosamine. Enzymes that dcgradc fungal chitosan are not conuuercially available and chitinases and otherpolysaccharidc hydrolascs arc not able to degrade chitosan. However, micro-organ;sms are known to produce 
chitosa nascs. 
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The fungi forming VAM arc usually identified by the morphological and ontological characteristics ofiheirasexualspores and the composition and number ofsublayers of their spore walls. The ability to identify these fungi thereforedepends on the availability ofspores. This method can be time-consuming and IL-rc are difficulties in distinguishingand enumerating the wall sublayers. In contrast a method based on analysis of DNA from the fungi would enable theidentification of these fungi even when spores are not available, as in infected root tissue, and cot, !dbe more confidently
reproduced. 

The nuclear ribosomal RNA (rRNA) genes in fungi and othereukaryotes are highly conserved. These sequences occurin tandem repeats separated by nontranscribed spacers. The rRNA genes within each repeat are separated by transcribedregions known as internal transcribed spacers (ITS). The rates of evolution of the genes and spacers differ as the genesare highlyconserved whereas the spacers evolve more rapidlyand are known to vary betweengciera and bctweenspecieswithin agenus. Comparative analysis ofDNA in spacer regions has been used to analyse the phylogenctic relationshipsof other organisms. Analysis ofribosonal DNA regions in VAM fungi should yield useful infonuation regarding theirtaxonomjc relations to each other and other fungal groups. 

Materials and Methods 

Snoreproduction recover and germination 

Soils containing spores ofG. rosea and G. decipiens were received from thle International Culture Collection of VAMFungi (INVAM), Plant Pathology Department, Institute ofFood and Agricultural Sciences, The University of Florida.These soils and spores extracted from them were used to initiate vesicular-arbuscular inycorrhizae in pot cultures with 
Lnd G. rosea 
onion (Alliumcepa), leek (A.porrun) a.d carpet grass (Axenopuscompressus) as host plants. Spores ofG. decipiens 

were recovered from pot cultures while spores of G. margarita were recovered from sand on the Eastcoast of Barbados. Spores were surface deconta minated in 5% Chloraine T (Sigma) for 15 minu les and gerninatedin 3.2 units nd" cellulase (Sigma) (Persad-Chinnery et al., in press) in the dar, at 28-30'C in multiwell dishes. 

A.x'enic dual cultur s 

Following the method ofBecard and Fortin (1988), carrot tap roots were transformed with Agrobacterhimrhizogenes.
Germinated spores were placed with pieces of transforned carrot root on While's medium amended with sucrose and
solidified with agar, in Petri dishes ortissue culture boxes. At 14-day intervals sampics ofthe roots were realoved, staincd
and assessed for fungal infection. 

Productionoia chitosanaseenzme fmm a Strtoycess. 

A culture ofa stheptomycete labelled no.6 was obtained from Dr. W6stermcyer, Institute fur Gcbiologisclie Foi-schung,Berlin, Germany. The streptomycete was grown in 1IErenmeyer flasks containing 335 mi medium containing 0.5 gchitin (Sigma), 1.25 ml SL8 medium (Table 1), 0.3 mil of 1M MgSO4 , 0.3 nil of0.1 M MgCI2, 16.5 nil basal medium(Table 1)and 1.5 g chlitosan (Sigma). The flasks were incubated for 4 days at 28°C in arotary shaker at 120 rpm. Crudechitosanase was prepared by precipitation with amnmonium sulphate, dialysis against several changes of 20 iM sodiumphosphate buffer and lyophilisation. 



Table I 
Composition of SL8 and Basal media 

entse iLm um: - aa medium 

K2HPO, 16 
KH2PO4. 4 
(NH4),SO. 10 
NaEDTA 5.2 . 
FeCl2 1.5 
ZnSO,.7H20 0.148 
MnCI2.4H20 0.1 
I,BO, 0.062 
CSO4 0.062 
Na2MoO4.2H 20 0.036 
CuSO 4 0.016 
NiCI 0.013 

Proloplast production 

The crude chitosanasc prcparation was Icstcd for its ability to libcratc protoplasts from hyphac of Rhlizopusstolonifer
(Zygomycetes). Following successful protoplasting of hyphac of Rhizopus, mixtures of chitosanase, NovoZym TM and
chihinase were applied to hyphae and germ tubes ofG. deciviens and G. rosea. 

DNA extraction 
DNAwas isolated fromsurface-decontaminatcdspores ofG. decipiens.G.margaritaand G. rosea following the methodof Burggraafa nd Beringer (1989). After at least 4 hours inc,:bation in the DNA isolation nixture, the DNA was treated
with Nase and precipitated with ammonium ac,.tate and ethanol. 

DNA ampl ficaton 

For PCR, 25,.l sterile distilled If20, 51l Taq loX polymerase buffer (Promega), 1.5 mM MgCi2, 0.2 nM each dNTPand 0.5,uM cach primcrwcre placed in asterileS00pl microcentrifuge tube. Template DNA (5/l of-10 ngulI) was addedand the reaction mixture overlayed with 50,ul of light mi -eral oil. Reaction tubes were hea ?ed to 94'C in aGTC-2 GeneticThermal Cycler (Precision Scientific) for 3 ninutes. While at this temperature, lpl Taq polymerase (Promega, 5 units" )was added to each tube and the tubes t/erel subjected to the following amplification programune: denaturation for 
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2 min at 940C for the first cycle, 1mria for 35 cycles; annealing for 30see at 530C for the first cycle, 30 sec at 65 to 700Cfor 35 cycles (depending on the printer pair used); and polymerization for I or 2 rini (depending on the target size) at72'Cfor35 cycles, 10 minutes for the final cycle. Following PCR, 10d of each reaction was ana lyscd on a 1.2% agarose
gel and the fragment sizes estimated. 

Results and Discussion 

Extraradical hyphae appear to contain dividing nuclei and these have been targeted foroureffortson protoplast formation.
The firststep in this approach involved the production ofaxenic roots that could be cultured with VAM fungi to produce
in vitro mycorhizas that could generate extra radical hyphsc. 
 Root organ cultures using Agrobactcrium rhtizogenesproliferated carrot roots were successfully established and co-cultured with genminated spores of G. decipiens and G.
rosea. 
 In many dual cultures fungal hyphae proliferated over the roots and into the agar but staining showed thatpenetration of growing roots had not occurred. The concentrations of media components, principally sucrosephosphate, reported to influence andmycorrhizal fonnation were altered in successive experiments but mycorrhizalformation was not promoted. Uncontaminated co-cultures were kept forseveral months without any evidenceof infectionalthough fungal hyphac were observed togrow much more than hyphae ofgerminated spores kept ingennination medium. 

There are few reports of extensive VAM production from dual cultures of this nature (e.g Mosse and Hepper, 1975;Mugnier and Mosse, 1987; Becard and Fortin, 1988) and none using G.decipiens Although some factorsor G. rosea.involved in the infection process and chemicals that affect VAM fornalion have becn studied (e.g Mugnieraid Mosse,1987; Becard and Fortin, 1988), the determinants of the symbiosis remain unclear. It is also known that ihere aredifferences in the responses of various VAM fungal species to chemicals added to culture juedia and to plant species used 
in culture. 

It has been reported that new hyphae have been observed growing out of old intraradical hyphac of dried root segments(Tommerup and Abbott, 1981). Experiments were conducted to determine whether aseptic extraradical hyphac could
be produced front infected roots retrieved front pot cultures. Cointaninatioi of the culti res of rools removed from pot
cultures was minimal during the lirst week and hyphae were visible extending from some root pieces. During the second
week of observation the extraradical hyphac showed no growth and eventually the cultures became contaminated with
other fungi. Increasing either the strength of the deconlaninating solution or the length of line of exposure of roots
resulted in a reduction in contamination but also in a reduction in thc number of culiures in which cxtraradical hyphae
were observed. In general exlraradical hyphae showed no extension beyond about 500uni. 

From 1700 nl ofStreptomyces culture medium approximately 100 mg of protein precipitate was usually obtained.NovoZym TM 234 at 2.5 mg ml', chitinase at 0.5 mg mal" and chilosanase at 0.75 ing m1'1it KCI (0.6 Ni) orsorbilol (0.55No were the optimum conditions for liberation ofproloplasts front Rhizopus in 2 hours. NovoZynP 234 and chitinaseat these concentrations without the chitosanasc did not induce protoplast production. Inthe absence ofuncontaminatedextraradical hyphac, germ tubes and hyphae of germinated spores were tested for the production of proloplasts. Afterovernight incubation at several times the enzyme concentrations that released protoplasts front Rhizopus hypliac, noproloplasts were liberated from VAM fungal material. It ispossible that the cell wall ma lerial that isinhibiling proloplastrelease is protein. This work will be continued using reducing agents before adding the lylic enzyme mixture or bytreatment of VAM fungal hyphac with proleases b-fore aatd after the lytic enzyme mixture. An enzyme extract to beproduced fron Paecilomyces lilanus will be tested on VAM fungal hyphac. 
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By optindsing the protocol for DNA extraction we have been able to isolate, visualise and photograph DNA from one 
spore of G. decipiens. Other published methods of DNA isolation from VAM spores used many more spores in their 
procedures. Cummins and Wood (1989) reportedly used 600,000 spores, while Burggraaf and Beringer (1989) used 50 
or more spores. A value of approximately 1.5 ng DNA per spore (G.rosea) was obtained by fluorimetidc comparison 
of DNA from I - 20 spores with DNA from lanbda phage. 

Taule 2 
Primers for amplification of fungal ribosomal RNA genes 

RP1ME1 SEQU~aNCt...... ;; .... .... 

ITS 1-Baml! 1 5'-CGGGATCCGTAGGTGAACCrGCGG.3, 
ITh2.EcoR I 5"GGAATrCCGCTGCGTTCTTCATCGATGC.3, 
ITS3-Baml [t 5-CGGGATCCGCATCGATGAAGAACGCAGC. 

3 ' 
ITS4-EcoR t 5 '-GGAATrCCrCCGMCTATTGATATGC.3, 

Primers used for PCR were modified from those published by White et al., (1990) by the addition of 4 to 8 bases at their
5' ends such that recognition sites for restriction endonucleascs BamH I and EcoRl were created (Table 2). The primers
make use of conserved regions of 18S, 5.8S and 28S rRNA genes of fungi and amplify (he 5.8S rRNA gene along with
the flanking internal transcribed spacers. Primers were used in three pairs (Fig. 1): ITS-BamHl and 1TS2-EcoR1 to 
amplify the upstream internal Iranscrbid spacer (ITSA), ITS3-Baml-land ITS4-EcoR 1to amplify thc 5.8S rRNA gene
and the downstream intcrnal transcribed spacer (!TSB), and ITSl-BamH-1I and ITS4-EcoRI to amplify the 5.8S rRNA 
gene and both spacers. The fragment amplified from G.margarita using primers ITSI-BamHI and ITS4-EcoRI was
estimated to be 510 bp. lTSAwas estimated to be 180 bp while the product amplified by ITS3-BamHl and ITS4-EcoRI 
was estimated to be 315 bp. The sizes of the fragments amplified from G. margarita compare well with published sizes 
of similar fragments amplified from other fungi (e.g. White etal., 1990). 

ITSI l-amllt ITS3.BamlIt 
-'4 

Nuclcarsmall 5.8S Nuclear large 

rD)NA ITSA rDNA [TSB rDNA 

ITS2.EcoR t ITS4.EcoR I 

Figure 1 
Locations on nuclear rDNA of PCR primers used. 

Arrowheads represent the 3' cnd of each primer. Diagram not to scale. 
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It
isintended to developa method for the identification ofthese fungi based on the analysis ofDNA extra cted froinspores.PCR products will be sequenced and used as probes in Southern hybridizations with total genomic DNA to confirm thatGigaspora DNA has been amplified. The product sequences will be used for the design of species-specific priniers thatwill allow the confirmation of the presence ofparticularspecies even in amixed population. This method will be appliedto the identification ofspecies ofVAM fungi infecting plant roots. Thes'e protocols once developed should be very usefulfor analysing the taxonomy and population biology in identifying species of VAM fungi. 
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