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ABSTRACT

Simcox, K. D., Nickrent, D., and Pedersen, W. L. 1992. Comparison of isozyme polymorphism in races of Cochliobolus carbonum. Phytopathology

82:621-624.

Differences in isozyme polymorphisms between races of Cochliobolus
carbonum were compared using starch gel electrophoresis techniques.
Of 36 enzymes analyzed, isozyme polymorphisms were detected for
aspartate aminotransferase, esterase, glucose-phosphate isomerase, leucine
aminopeptidase, and mannitol dehydrogenase. Specific combinations of
polymorphisms were found to be diagnostic of race pathotype for the

isolates used in this study. Race 3 isolates of C. carbonum could be
distinguished by the presence or absence of esterase and leucine
aminopeptidase polymorphisms, which were not found in race 2 isolates.
The extent of isozyme polymorphisms found in C. carbonum provides
a useful tool to study the genetics and the evolution of a phytopathogenic
fungi.

Cochliobolus carbonum R. R. Nelson (anamorph, Bipolaris
zeicola (G. L. Stout) Shoemaker = Helminthosporium carbonum
Ullstrup), the causal agent of northern corn leaf spot, is composed
of distinct pathotypes that exhibit different modes of pathogenicity
(11). Race 1 pathotypes produce a pathotoxin, HC-toxin, that
is required for successful colonization of maize genotypes
homozygous recessive at the Hml locus (23,25,31). Although C.
carbonum race 2 is the most prevalent pathotype in the United
States corn belt, it is a very weak pathogen of maize. Race 2
pathotypes produce small chlorotic lesions on foliar and husk
tissue that resemble an incompatible race 1 reaction (1,11). A
third race was identified in 1973 that produced symptoms distinct
from that of either race 1 or race 2 and was found to have slight
differences in conidial morphology (10,21). Race 3 isolates are
virulent on a wide variety of maize inbred lines, and virulence
is qualitatively inherited (8).

Differences in modes of pathogenicity and in the inheritance
of virulence in different races suggest that populations of C.
carbonum in the United States are genetically diverse. Population
studies of C. carbonum from different geographical regions of
North Carolina identified genetic polymorphisms for traits such
as tolerance to cadmium, sensitivity to cycloheximide and
carboxin, mating capability, and lesion length (11,16). In areas
where isolates of races 2 and 3 coexisted, no evidence of gene
flow between different pathotypes was found despite the fact that
both mating-type alleles were present in the population (12). The
lack of gene flow and the inability to identify the sexual stage
in the field (12) suggest that sexual reproduction does not play
an important role in generating genetic variability and that new
pathotypes arise through stepwise mutations within an asexual
clonal lineage. Additional neutral genetic markers will facilitate
the understanding of clonal inheritance within populations of C.
carbonum and provide a means of analyzing the evolution of
new pathotypes within C. carbonum.

Starch gel electrophoresis (isozyme analysis) and restriction
fragment length polymorphisms (R FLPs) have been used success-
fully to study genetic diversity within populations of phyto-
pathogenic fungi (4,5,13,14,29). They work as taxonomic tools
to clarify species distinctions between closely related phyto-
pathogenic fungi with distinct host ranges (2,3,15) and as markers
for the genetic analysis of fungal plant pathogens (19,28). The
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objectives of this research were to evaluate the amount of isozyme
polymorphism in C. carbonum and to assess its usefulness in
comparing genetic diversity among races of the pathogen.

MATERIALS AND METHODS

Isolates used in this study. Isolates of C. carbonum were
collected from various maize production fields in the United
States. The year of isolation, location, and race of each isolate
used in this study are listed in Table 1. Race 1 isolates 73-4 and
MATI (mating-type locus 1) as well as race 2 isolates 85-5 and
MAT?2 (mating-type locus 2) are maintained in the Department
of Plant Pathology at the University of Illinois. These isolates
are stored on silica gel at 4 C. The additional race 2 and race
3 isolates used in this study were provided by Dave Smith (Dekalb
Plant Genetics, Dekalb, IL) and had been stored as dried lesion
material at 4 C. Single-spore isolates were obtained from silica
gel cultures or from an individual lesion from the dried lesion
material at the time of the study. Isolates were maintained as
mass-spore cultures on lactose-casein hydrolysate agar (30) at
22 C under 16 h of light (cool-white fluorescent bulbs) alternated
with 8 h of dark.

The pathogenicity of each isolate was tested on the appropriate
maize inbred by whorl inoculation using a conidial suspension.
Inoculum was produced by adding 5 ml of sterile water containing
0.19% Tween 20 to a 14-day-old culture and dislodging the conidia
with a rubber policeman. After the conidia concentration was
adjusted to 5,000 conidia per milliliter, 100 ul of the conidial
suspension was transferred into the whorl of 2-wk-old maize
seedlings (approximately three-leaf stage). Inoculated seedlings
were incubated overnight in high humidity at 15 C and then
maintained in the greenhouse under 16-h light (cool-white
fluorescent bulbs)/8-h dark. Temperatures in the greenhouse
ranged from 15 to 25 C during the experiment.

Sample preparation. Isozyme analysis was performed on crude
enzyme extracts prepared from homogenized mycelia grown in
liquid culture. Agar plugs taken from the advancing edge of 5-
day-old cultures were used to inoculate flasks containing 50 ml
of lactose-casein hydrolysate broth. Cultures were incubated at
30 C for 3 days on a rotary shaker. Crude enzyme extracts were
prepared by decanting the culture broth and washing the mycelial
mat twice with 10 ml of extraction buffer. The extraction buffer
was composed of O.1 M Tris-HCl, pH 7.0; 10 mM KCl; 0.1
mM MgCly; | mM EDTA-Nay; 14 mM B-mercaptoethanol; and
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