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Isozyme analysis is a powerful biochemical technique that has numerous
applications in plant pathology. It bas
long been used by geneticists t o study
the population genetics of fish, mammals, insects, nematodes, and plants.
Mycologists and plant pathologists have
adopted the procedure more secentty,
and it is now being used routinely to settle
taxonomic disputes, identify cultures,
"fingerprint" paten table fungal lines,
analyze genetic variability, trace patbogen spread, follow the segregation of
genetic loci, and identify pIoidy levels of
fungi and other plant pathogens. These
topics have been reviewed (9,12,15), and
the large number of new publications in
this field each year indicates the widespread interest in the subject.
At the Foreign Disease-Weed Science
Research (EDWSR)in Frederick, Maryland, we routinely use isozyme analysis
t o identify and study the genetic makeup
of exotic pathogens, often of quarantine
significance. In this paper, we discuss the
advantages and disadvantages of isazyme analysis over other identification
techniques and describe how isozyme
studies can be designed to differentiate
pat hogens.

The Theory ol lsozyme Analysis
Isozymes are molecular forms of an
enzyme. These forms usually have similar, if not identical, enzymatic propenies
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but slightly different amino acid sequences. Onty those isozymes with amino
acid compositions of different net charge,
or those that result in large differences
in the shape of an enzyme, can be differentiated by electrophoresis. This has
been estimated to represent about onethird of all the possible isazymes that
may k present within a genetic system
(9). lsozyme analysis thus provides a
conservative estimate of the amount of
variation within a genome.
Detectable isozyrnes arise from three
different genetic and biochemical, phenomena: 1) different alleIes at a single
locus (termed "allozymesy'), 2) multiple
loci coding for a single enzyme, and 3)
posttranslational processing and formation of secondary isozymes (6). Recognizable protein banding patterns are frequently associated with each of these
situations, thus allowing a genetic interpretation of the data (6,IQ). When several
enzymes are tested, an electrophoretic
"fingerprint" reflective of the genes coding lor the different enzymes is produwd.
The identification of an organism is
based on the number of genes in common
with those of knowncultures. With many
pathogens, the amount of intrasppcific
variation determined by isozyme analysis
is slight, thus making accurate identification of a species or subspecies possible.
Different electrophoreric techniques,
including starch gel electrophoresis,
polyacrylamide gel electrophoresis
(PAGE), and ismlectric focusing, can be
used to separate isozymes. We use starch
gel electrophoresis, the oldest and simpiest of the procedures. Starch gel electrophoresis is relatively inexpensive, uses
fewer toxic chemicals than other methods, and can be used to screen many different enzyme activities simultaneously.
The resoEution of rotei in 'bands in starch
gel electrophoresis is not as gaud as that

obtained by PAGE,but a larger number
ofstains can be used and a larger number
of enzymes can be detected from a single
sample. Resolution by starch gel electrophoresis is adequate for the detection of
allozymes and isozymes coded by different loci as long as a compatible buffer
system is used.
We have previously described the procedure we use for electrophoresis ( IO),
and Figure I describes the steps. I n brief,
a suspension of starch is boiled and
poured into a rectangular mold t o form
the gel, which can be several centimeters
thick, After the gel cools, a vertical slice
is made through the gel close to one of
the longer edges. Filter paper wicks that
have been dipped into the enzyme sample
are placed side by side along one edge
of the slit. The two sides of the gel are
then squeezed back together and brought
into contact with the tray buffer, uslng
cloth wicks. Current is applied tor about
2.5-4 hours, depending on the buffer
used. Cooling is essential during tlectrophoresis; otherwise, enzyme degradation
wit! cause very irregular migration patterns. After electrophoresis, the gel can
be sliced both vertically and horizontally.
A singIe geI can produce between four
and 45 stainable slices, depending on the
number of samples and the thickness of
the gel. These stices are placed in trays
with specific activity stains.

Advantages and Dlsrtdvantages
of lsozyme Analysis
As with any technique, isozyme analysis has its strengths and weaknesses.
When starch gel electrophoresis is used,
the technique is relatively inexpensive.
At FDWSR, we find the development
of fungal identification techniques using
isozymes much faster and far less expensive than either immunological tests
Plant Disease/October 1993

981

