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Summary 
A major component of risk analysis for 
biocontrol fungi is the detennination of 
the genetic similarity of the biocontrol 
agent to potential crop pathogens and re
lating this infonnation to host range or 
other perceived risk factors. As geneti
cally-modified fungal strains are devel
oped for use, the relative ability of the 
agent to hybridize with related strains in 
the environment and exchange nuclei or 
genes also wilt become an increasingly 
important component of risk assessment. 
Numerous techniques are available for 
detennining genetic relatedness between 
fungal taxa and populations including 
protein electrophoresis and DNA analy
sis. Asexual gene exchange can be deter
mined using genetic markers to detect 
heterokaryosis and recombination. 
Col'etotriclmm gloeosporioides has been 
used as a model system to address meth
ods to determine genetic similarity and 
the potential for gene transfer between 
host-speciaHzed forms of Colletotric1rum 
gloeosporioides. Current research on the 
use of protein electrophoresis and 
mitochondrial DNA analysis to assess ge
netic relatedness and the use of nitrate 
reductase mutants and nutritional 
auxotrophs to detennine the potential for 
asexual gene transfer is discussed. 

Introduction 
A major component of risk analysis for 
biocontrol fungi is the determination of the 
genetic similarity of the biocontrol agent to 
potential crop pathogens and relating this 
information to host range o r other per
ceived. risk factors. As genetically-modified 
flUlgal strains are developed for use, the 
relative abili ty of the agent to asexually or 
sexually hybridize with related fungal 
populations in the environment or adapt to 
other plant hosts will become an increas
ingly important component of risk assess
ment. Traditionally, scientists have used 
biological tests such as host range testing to 
assure safe use (Weidemann 1991, 
Weidemann and TeBeest1990a). Although 
such studies are important, they can be in
fluenced by experimental conditions and 
provide no indication of how closely re
lated weed control agents may be to other 
indigenous fungal populations. Fortu
nately, the tools a re avai lable to assess ge
netic relatedness and gene exchange be
tween fungal population where the need 
for this type of risk ana lYSis is warranted. 

Numerous genetic, biochemical and mo-

lecular techniques have become available 
for identifying fungal taxa and estimating 
genetic relatedness within taxa (Barrett 
1987, Kohn 1992). These techniques have 
greatly improved our abi lity to estim ate 
genetic Similarity over more traditional 
techniques such as morphological and cul
tural comparisons or host pathogenicity 
testing. Techniques including protein 
electrophoresis (Ba rrett 1987, Jackman 
1987, Micales et al. 1986), RFLP analysis of 
DNA (Barrett 1987, Dowling et al. 1990), 
DNA sequencing (Hillis et al. 1990), DNA· 
DNA hybridization (Tourova and 
Antonov et al . 1987), analysis of selected 
biochemical fractions and immunological 
compa risons (Miller and Martin 1988) are 
all useful to distinguish taxa or 
populations. Selection of an appropriate 
technigue is dependent on the level of reso
lution necessary to answer the research 
question and consideration of the rela tive 
costs and technical expertise required 
(Kohn 1992). Often, several techniques 
must be used initially to aid in the selection 
of one or more methods most appropriate 
to the organism and resolution required. 

Protein electrophoresis 
Proteins are the expressed gene products of 
the flUlgal genome and can be used to as
sess genetic similarity. Electrophoresis of 
total soluble proteins has been used for 
identification of funga l taxa and can pro
vide an estimate of the relative degree o f 
genetic relatedness between taxa o r 
populations(Brasier1991, Chen 1991). Pro
tein profiles have been used most widely to 
characterize populations and taxa in 
PhytophtllOrn (Brasier J 991) and Pythillm 
(Chen et aI.1 991). 

Electrophoretic gels stained for specific 
enzymes greatly reduce the number of 
bands that must be analysed. Through mu
tation, genes for specific enzymes accumu
late changes that can result in changes in 
amino acid composition that may be ex
pressed as different electromorphs, o r 
isozymes. Likewise, multilocus or a llelic 
forms of an enzyme may have different 
amino acid compositions and may migrate 
at different rates in an electric field. 
Isozyme analysis has become a widely 
used tool for characterizing fungal 
populations and as genetic markers 
(Micales et al. 1986). 

D NA analysis 
Mo re recently, techniques have been devel
oped to compare the base composition of 

the fungal genome directly. Nuclear or 
organelle DNA can be isolated from fungal 
cells, cut into fragments with 
endonucleases, separated electro
phoretically and visua lized (Dowling et al. 
1990). The size differences, or restriction 
length polymorphisms (RFLPs), of the cut 
fragments resu lt from differences in the 
base composition of the genome. For direct 
comparisons of nuclear DNA, limited por
tions of the genome must be used. More 
commonly, organelle DNA, such as 
mitochondrial DNA, can be separated 
from the nuclear DNA and used for com
parisons (Forster et al. 1990, Forster and 
Coffey 1991, Taylor 1986). The level of reso
lution obta ined from mitochondrial DNA 
is comparable to that obtained by isozyme 
analysis (Forster and Coffey 1991). 

Alternatively, DNA fragments can be 
transferred to nitrocellulose membranes 
and probed with labelled portions of the 
nuclear DNA, organelle DNA or specific 
genes (Braithwaite et al. 1990, Forster and 
Coffey 1991). Theability to distinguish taxa 
o r populations varies greaUy, depending on 
the selection of the DNA used as a probe. 

Techniques also have been developed for 
fingerprinting fung i by probing fungal 
DNA with sma ll repea ted sequences 
(Meyer et al. 1991) or artificia lly produced 
sequences (RAPDs), (Williams et al. 1990). 
Often, the selected probes are am plified 
using the polymerase chain reaction (Erlich 
et al. 1991), labelled and used to probe the 
fungal genome. The resolution obtained is 
dependent on the selection of the probes 
used for ana lysis and can vary from the 
identification of taxa to individual strains 
within a population. 

AU of these techniques can be used to esti· 
mate the genetic similarity of a biocontrol 
agent to otherfungal strains and populations. 

Gene exchange 
The potentia l for gene exchange is an im
portant com ponent of risk assessment 
when considering importation o f an exotic 
pathogen genetica lly related to other 
pathogens of economic hosts outside of its 
geographic range. Fo r endemic weed 
pathogens, ample opportunity for geneex· 
change would have been present within its 
natural range. With a genetically·modified 
organism, gene exchange could become a 
risk fa ctor if the introduced genes could be 
introduced into a related crop pathogen and 
result in an undesirable genetic change. 

Potential gene exchange can be esti
mated in a number of ways depending on 
the organism under study. For many fungi, 
bo th sexua I and asexual gene exchange 
may need to be considered. In many fungi, 
sexua l and asexual compatibility are under 
separate genetic control, requiring an inde
pendent analysis of each system. 

The determination of sexual compatibil
ity is dependent on the complexity of the 
mating system operative in the organism. 



Accurate determination of mating compat
ibility is dependent on obtaining appropri
ate fertile tester strains and developing a 
laboratory assay that consistently repro
duces appropriate mating conditions. 

The estimation of potential asexual gene 
exchange is dependent on developing a 
system for determining vegetative compat
ibility, heterokaryosis and gene exchange 
(Weidemann and TeBeest 199Ob). In some 
cases, vegetative incompatibility betw"een 
isolates results in a visibly distinct w ne o f 
vegetative degeneration between paired 
isolates on a culture plate (Rayner 1991). 
More commonly~ hyphal interactions are 
indistinct or subject to cultural influences 
and genetic markers must be utilized for 
detection. Genetic markers such as nutri
tional auxotrophsorcolour mutants can be 
selected fo llowing mutagenesis. However, 
the process involved in developing geneti
cally-marked strains through mutation is 
time consuming and may result in unde
sired physiological changes. 

A more recent technique developed fo r 
generating spontaneous mutants in the ni
trate reductase pathway has been used suc
cessfully in severa l fungi to determine veg
etative compatibility (Correll et al. 1987). 
Isolates cultured on media containing po
tassium chlorate at toxic concentrations 
spontaneously develop one of several mu
tations in the nitrate reductase pathway 
and resume active growth. Following phe
notype analysis on media containing dif
ferent nitrogen sources, complementing 
mutants can be paired on minimal me
dium . Compatible isola tes will form a fast
growing heteroka ryotic zone between the 
tester strains. lncompatible isolates will be 
unable to complement the missing gene 
and rema in as thin, appressed colonies. 
The production o f nit mutants has proved 
useful for separating fungal populations 
into vegetative compatibility groups that 
may represent genetica l1y distinct 
populations (Correll et al. 1987). 

Firm evidence for sexual or asexual gene 
exchange is dependent on obtaining sexual 
or asexual progeny showing evidence of 
genetic recombination under condi tions 
that could occur in the natural envi ron
ment. For instance, one could demonstrate 
that two different host specific isolates 
anastomose in the laboratory, but the lack 
of a common host or limiting envirorunen
tal conditions would make contact in na
ture less likely. 

ColletotriclJllfll gloeosporioides 
Colletotrich ll'" gloeosporioides (penz.) Sacco 
has been used to assess methods for deter
mining genetic relatedness and the poten
tial for gene exchange between host-spe
cialized pathogen populations. This fungus 
has a number of characteristics that make it 
amenable to this type of study. The patho
gen consists of numerous host-specialized 
populations that are poorly characterized 
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morpho logically and genetically. Some 
host specific populations are crop patho
gens while others are weed pathogens 
which have been developed as 
bioherbicides or a re under development as 
weed control agents (Charudattan 1991). 
Both sexual and asexual gene exchange is 
possible but gene flow between host spe
cific populations is unknown. Both the 
sexual and asexual progeny are 
uninucleate facilitating genetic analysis. 
Several investigators have genetically 
transformed Colletotrichlltrl using gene 
cloning techniques (Weidemann and 
TeBeest 199Ob), enhancing the capabiUty of 
introducing genes of interest. 

Current studies with C.glDeDSporioides have 
focused on using protein electrophoresis 
(Digby and Weidemann 1991) and RFLP 
analysis (Correll et al. 1991a) to assess ge
netic relationships within C. gloeospon'oides 
and related taxa and the use of mutant 
strains to determine the potential for 
asexual gene exchange within and between 
host specific forms of C. gIoeosporioides 
(Chacko et al. 1989, Correll et al . 1991a). 

Electrophoresis of total soluble pro teins 
has been used to cha racterize host specific 
populations of C. gloeosporioides and to esti
mate genetic relatedness within and be
tween populations. Comparisons of pro
tein profiles from diverse isolates within C. 
gloeosporioides showed limited similarity 
but protein profiles within some host-spe
cialized populations obtained from a range 
of geographic locations were relatively lU1.i
form (Digby and Weidemann 1991). For 
instance, isolates of C. gloeosporioides f.sp . 
aeschynomelle (Cga) obtained from the 
weed AeschYll omene virgillica (L.) B.S.P. 
showed greater than 90% similarity but 
isolates obtained from other hosts in the 
same geographic area such as C. 
gloeosporioides f.sp. jll55iaea (Cgj) from 
IU55iaen decllrrens (Walt.) D.C. could be dis
tinguished readily from Cga. Likewise, the 
bioherbicide C. gloeosporioides f.sp. ma/va 
could be distinguished from Cga and other 
related Colletotrichum spp. on malvaceous 
weeds such as C. malVllnll1l (A. Braun & 
c.sp.) South. and C. rocrodes (Wallr.) Hughes. 

Similar results have been obtained using 
RFLP analysis of mitochondrial DNA 
(Correll et nI . 1991a). In limited studies, iso
lates of Cga were homogeneous and distin
guishable from other host specific 
populations within C. gloeosporioides. In a 
related study, populations of C. orbiculare 
(Berk. & Mont.) Arx from cucurbits and 
bioherbicide isolates from spiny 
cockleburr, Xmr th iu1fI spinoswn L., were 
found to be closely related but at least one 
polymorphism was found that distin
guished cucumber isolates from cockleburr 
isolates (Correll et al. 1991b). 

These studies show that ColletotrichutrI 
gloeosporioides isolates from different hosts 
often are genetically distinct populations. 
Techniques selected for an appropriate 

level of resolution may further characterize 
host specific populations and provide a 
relative estimate of genetic diversity be
tween related populations and provide 
suppo rting evidence~ along with host 
range testing, for estimating relative risk. 

Nit mutants (Chacko e/ al. 1990) and nu
tritional auxotrophs (Chacko et al. 1989) 
have been used to determine vegetative 
compatibility and potential asexual gene 
exchange in Cga and between Cga and 
other host specific populations. The use of 
nit mutants (Chacko et al. 1990) demon
strated that ega consists of a s ingle vegeta
tive compatibility group that was 
vegetatively inco mpatible with all other C. 
gloeosporioides populations tested (Table 1) . 
In a re lated study (Chacko et al. 1989), nu
tritional mutants of ega formed 
heterokaryotic colonies with other ega 
strains but no heterokaryotic colonies de
veloped following attempted pairings be
tween Cga and auxotrophic strains of Cgj. 
Conidia obtained from the ega 
heterokaryons yielded only colonies with 
the parental phenotypes (Table 2). Patho
genic strains of ega co-inoculated to A . 
virgin jCl1 also did no t yie ld recombinant 
progeny. These studies demonstrated that 
asexual gene exchange between Cga and 
other host-specia li zed populations was 
limited by vegetative incompatibility. 
Heterokaryosis was possible behoveen iso
lates within Cga but no evidence of genetic 
recombination was obtained. 

As the use of fungi as bioherbicides con
tinues to develop, the necessary molecular 
and genetic tools are available to address 
potential risk issues as they arise. Prior to 
importation of exotic pathogens for weed. 
control, molecular techniques can be used 
to assess genetic differences between the 
biocontrol agent and other pathogen 
populatiOns. Likewise, it may be necessary 
to assess the re lative potential for gene ex
change between imported or genetically
modified agents and other pathogen 
populations. Current studies support the 
concept that host specific fungal 
populations under study as bioherbicides 
often are genetically isolated on their re
spective hosts and that major shifts in host 
specificity through mutation or genetic ex
change are unlikely. 
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