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ABSTRACT
Twelve strains of Fusarium moniliforme were examined for their ability to sector spontaneously on
toxic chlorate medium. All strains sectored frequently; 9 1% of over 1200 coloniesexamined formed
chlorate-resistant, mutant sectors. Most of these mutants hadlesions in the nitrate reduction
pathway
and were unable to utilize nitrate (nit mutants). nit mutations occurred in seven loci: a structural
gene for nitrate reductase (nit1), a regulatory gene specific for the nitrate reduction pathway (nitjr),
and five genes controlling the production of a molybdenum-containing cofactor that is necessary
for nitrate reductase activity (nit2, nit4, nit5, nit6, nit7). No mutations affecting nitrite reductase or
a major nitrogen regulatory locus were found among over 1000 nit mutants. Mutations of nit1 were
recovered most frequently (39-6696, depending on the strain)followed by nit3 mutations (23-42%).
The frequency of isolation of each mutant type could be altered, however, by changing the source
of nitrogen in the chlorate medium. We concluded that genetic control of nitrate reduction in F.
monilifme is similar to that in Asperillus and
Neurospora, but that the
overall regulation of
nitrogen metabolism may be different. -

F

USARIUM m o n i l i f m (Sheld.) emend. Snyd.
and Hans. [sexual stage Gibberella fujikuroi (Sawada) Wr.]is a filamentous, ascomycetous fungus
which is pathogenic to a variety of animalsand plants
(MARASAS, NELSONand TOUSSOUN
1984; NELSON,
TOUSSOUN
and COOK1981). The fungus is heterothallic and can bereadilycrossed in the laboratory.
Fusaria are often considered to be genetically unstable becausethey frequently produce sectors in
culture which differfromthe
original colony in
morphology, virulence, or other characteristics (BURNETT 1984; PUHALLA
1981). The cause of this variability and its importance to the fungusare unknown,
but genetic plasticity might be advantageous for a
plant-pathogenic fungus such as Fusarium. Survival
often requires adaptation to drastic environmental
changes, so a source of genetic variability is essential.
For example, genetic instability could generate variants that are fungicide resistant, able to overcome
host resistance, or tolerant to toxic wastes in the soil.
A high mutation rate could be an important means
of generating variability if sexual or parasexual recombination is rare. As a first step toward determining the genetic basis of instability in Fusarium, we
have examined spontaneously occurring, nitrate-nonutilizing mutants of F. moniliform.
Several strains of F. moniliforme produce spontaneous, chlorate-resistant sectors on medium containing chlorate, a toxic analog of nitrate (PUHALLA and
SPIETH1985). Most of these sectors are nitratenonutilizing mutants, or nit mutants. In Aspergillus
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and Neurospora, such mutants have lesions in either
the structural or regulatory loci of the nitrate reduction pathway (MARZLUF 1981; ARSTand SCAZZOCCHIO
1985). Our objectives were to determine if this high
F. moniliform
frequency of sectoring istypicalof
strains, to determine the number ofloci affected,
and to determine if some nit loci are more susceptible
to mutation than others. We tested 12 strains of F.
moniliforme for ability to sector
spontaneously to chlorate resistance on chlorate-containing medium, and
determined the frequency of mutation at each locus.
Mutants were characterized by their phenotype, complementation patterns, and meiotic recombination
patterns.
MATERIALSAND METHODS
Strains: All strains of F. mniliforme used in this study
(Table 1) belong to mating group A (HSIEH,SMITHand
SNYDER
1977), which corresponds to the variety mniliformis
of KUHLMAN(1982). Speciation in the Liseolu sectionof
Fusarium is unresolved, but all strains in this study belong
to the same genetic species in that they are cross-fertile.
Strains were stored on sterile filter paper at 4" (CORRELL,
PUHALLA
and SCHNEIDER
1986). Prior, to storage, mutants
were purified by isolating and culturing a single, uninucleate microconidium. All cultures were incubated at 25"
with a 12-hr day/ 12-hr night cycle. Light intensity was
150-350 foot-candles from cool-white fluorescent bulbs.
Female-fertile nit mutants of both mating types have been
deposited with the Fungal Genetics Stock Center, University
of Kansas Medical Center, Kansas City, Kansas. Parental
strains are available from the Fusarium Research Center,
Department of Plant Pathology, Pennsylvania State University, University Park, Pennsylvania.
Media: Complete medium (CM) (CORRELL,
KLITTICHand
LESLIE 1987) was used forroutine culturing. Minimal
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Physiological complementation of nit mutants within a
strain was tested by placing mycelialtransfers 2-4 cm apart
on MM. nit mutants grow at the same lineal rate as the
wild type on MM, but colonies are very thin and sparse.
Original
Plates were incubated 5 to 14 days and scored periodically
Strain
VCG" Mating type designationb
Source
fordense, heterokaryotic growth where colonies intersected. Mutant pairs that did not formdense growth
Sorghum, California
All+
F80
102
belonged to the same complementation group. Cross-feedA61 +
Maize, California
F152
124
ing does not occur when nit mutants are separated by
Maize, California
F166
A41 133
cellophane, indicating that wildtype growth is the result of
A21 Maize, California
F223
148
hyphal fusion (PUHALLA and
SPIETH1985). To differentiate
Maize, California
F237
149
A71 complementation groups, ten nit mutants from a strain
F288
A31 +
Maize, California
150
were paired with one another in all possible combinations.
Rice, Italy
F594
A51 +
171
Mutants belonging to the three most common complemenMaize, Italy
F791
A81 +
185
tation groups were then paired with the remaining nit
FSL 172 Maize, California
A71408
mutants from thatstrain. Mutants which complemented all
FSL 173 Sorghum, California
All+
409
three testers were paired with each other in allpossible
FSL 174 Maize, California
A31 +
410
combinations to identify the remaining complementation
FSL 175 Maize, California
SIC/41 1
groups. Mutants which could not be positively assigned to
a Vegetative compatibility group; groups
Al-A7 assigned by
a complementation group were identified by their growth
JOHN
PUHALLA.
on media containing different nitrogen sources.
b " F strainsfrom J. E. PUHALLA,
"FSL" strains from E. G.
Mutants from each complementation group were tested
KUHLMAN(1982).
SI = self-incompatible, cannotform a heterokaryon (CORRELL, for their ability to utilize different nitrogen sources followKLITTICHand
ing the procedures described by CORRELL,
KLITTICH, and LESLIE1987).
LESLIE(1987) for Fusariumoxysporum. Relative growth of
the mutant onmedia containing different nitrogen sources
indicated which metabolicfunction may have been affected
medium (MM) (PUHALLA and
SPIETH1983) contains nitrate
by the mutation (Table 2).
as the sole source of nitrogen and was used for compleComplementation groups were assigned to nit loci based
mentation tests. Mutants were generated on chlorate meon results from sexual crosses. Loci designated nitl, nit2
dium (CLM) (PUHALLA
and SPIETH1985).
and nit3 have been mapped by PUHALLA and
SPIETH
(1985);
Carrot agar modified from PUHALLA and
SPIETH(1985)
strains with mutations in these loci were used as standards
in initial crosses. To initiate a cross, the female parent was
was used for sexualcrosses. Fresh carrots (400 g) 'were
inoculated by mycelial transfer onto a 60-mm carrot agar
washed, diced, and autoclaved 10 min in 400 ml distilled
plate, and the male parent was simultaneously inoculated
water. The carrots and liquid were pureed, mixed with an
onto a CM slant (8 ml medium in a 16 x 150 mm culture
additionri 500 ml distilled water and 20 g agar, autoclaved
tube). After 7 days, conidia from the male parent were
an additional 30 min, and dispensed into 60 x 15 mm
suspended in 3-5 ml of a 2.5% Tween 60 solution, and
plastic Petri dishes at 15-17 ml per dish. Fertility was
1.0-1.5 ml of the suspension were gently spread over the
generally higher on carrot agar than on the commonly
surface of the female parent colonywith a glass rod,
and SPIETH1982). Fertility varied
used V8 agar (KATHARIOU
thoroughly wetting the mycelium. Perithecia formed after
from strain to strain; strains 102 and 149 werehighly
approximately 7 days and exuded a cirrhus of ascospores
fertile as either males or females, whereas strains 41 1 and
14-30 days after fertilization. Viability of the ascospores
185 were irregularly fertile as malesand infertile as females.
was best within 1-2 weeks of extrusion. Germination of
Isolation of chlorate-resistant mutants:A mycelial transascospores was occasionally poor on water agar. Ascospores
fer (approximately a 2 mm' block) from CM was placed in
were therefore separated from each other andfrom conidia
thecenter of a CLM plate. Each 100 x 15 mm plate
on a slabofVOGEL'S (1964) minimal N medium using a
contained 20-25 ml CLM,and 60 x 15 mm plates contained
Cailloux stage-mounted micromanipulator. Slabsgelled
10-13 ml CLM. Sectoring frequencies were similar regardwith 3% agar were formed in an agar-layer casting block
less of plate size. Each strain was transferred to 100 CLM
1967). Ascospores which had germinated after
(HAEFNER
plates. Growth was highly restricted (<1 cm per week).
18 hr at 25" were cultured on CM, then transferred to MM
Fast-growing sectors developed after 4-14 days and were
to determine the frequency of prototrophic recombinants.
transferred to fresh CLM. Each colony was sampled only
Generation of nit mutantsonalternativenitrogen
once. If less than 100 chlorate-resistant sectors were obsources: The source of nitrogen in chlorate medium has
tained from 100 CLM plates, additional plates were inocubeen shown to affect the frequency of nit mutant types
lated and sampled until at least 100 sectors were obtained.
generated fromAspergillus nidulans (COVE197613).We thereChlorate-resistant mutants were transferred from CLM to
fore generated mutants on chlorate medium supplemented
CM and MM to check for ability to utilize nitrate, then
with different nitrogen sources in an attempt to recover
from CM to MM and CLM to check stability on CM and
additional types of nit mutants. The nitrogen sources tested
confirm the phenotype. Colonies which were resistant to
are listed in Table 3. The media were identical to CLM
chlorate and unable to utilize nitrate were considered nit
except that asparagine was replaced with the alternative
mutants. Genetic terminology follows the guidelines of
nitrogen source at 19.2 mM N (equivalent to 1.4 glliter
YODER,
VALENTand CHUMLEY
(1986) for plant pathogenic
asparagine). All media were adjusted to pH 4.7 (the pH of
fungi.
CLM). Sixteen plates of each medium were inoculated with
Analysis of nit mutants: nit mutants were categorized by
a mycelial transfer from strain 102. Fast-growing sectors
their ability to complement other mutants from the same
were transferred toCLM, and chlorate-resistant sectors
strain, by their growth on different nitrogen sources, and
were screened for their ability to utilize different nitrogen
by segregation ratios resulting from crosses of different nit
sources (CORRELL,
KLITTICHand LESLIE1987).
mutants.
TABLE 1

Strains of F. mondiforme used in this study
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TABLE 2
Identification of F. monilgorme mutants based on growth tests
Growth on nitrogen sourcesb
Fusarium

Neurospora

locus

locus"

As ergiilus
L
NOT
usa

nit-4

NHZ

Function"

Pathway-specific
regulatory

nit3

UA

HX

Structural gene for
reductase
nitrate

niuD nit-3 nitl
nirA

NOT

+
gene

+

-

+

-

+

-

+

+

N

+

Nitrite'
excretion

T
-

cnxABC

nit-9

nit6

cmG

Genes controlling production of a
molybdenum-containing cofactor

None isolated

nit2

areA

Major nitrogen regulatory
locus

None isolated

nit-6

niiA

Structural gene for nitrite
reductase
Wild-type

+

+
+
+

-

+

+

-

+

N

T

-

-

-

NT

-

+
+

+

++
+

+

+

See MARZLUF(198 1) for full discussion.
and GARRETI.
(1980): HX = hypoxanthine, UA = uric acid, ( - ) = thin growth, ( + )
From GARRETT andAMY(1978) and TOMSETT
= wild-type growth.
From COVE(1976b): ( - ) = no nitrite excretion, ( + ) = slight nitrite excretion, ( + + ) = abundant nitrite excretion, NT = not tested.
a

TABLE 3
Phenotypes of nit mutants from F. monilgonne produced on
chlorate media with different nitrogen sources
Frequency (%)
Nitrogen source'

L-Asparagine
L-Aspartic acid
Ammonium
L-Glutamine
71
L-Glutamic acid
Hypoxanthine
Nitrate
L-Ornithine
L-Proline
L-Threonine
36
L-Tryptophane
Urea
Uric acid
33

Total nit
mutants

16
16
11
17
12
18
11
12
17
15
14
1
15

nitl'

nit3

6913 19
31
4518 36
24
75
8
6717 17
64
18
83
17
65
24
40
13
43
0
0
47

MoCo

5019

6
17
18
0
12
47
21
100
20

Nitrogen, 19.2 mM (equivalent to 1.4 ghiter asparagine).
nitl, lack of nitrate reductase production;nit3, lack of nitrate
lack of molybdenumand nitritereductaseproduction;MoCo,
containing cofactor production.
a

RESULTS

Generation of mutants: All 12 strains of F. moniliforme spontaneously produced chlorate-resistant sectors at a high frequency on CLM (Table 4). Most
strains produced spontaneous sectors on over 95%
of the CLM plates. Strains 171 and 408, however,
sectored at a lower frequency (54 or 55% of CLM
plates), and were less restricted in growth on CLM
compared with the other strains. Most chlorate-resistant sectors (66-82%, depending on thestrain)
were nit mutants, i.e., unable to utilize nitrate (Table

4). The remaining sectorswere either unstable in
phenotype when scored twice on minimal medium
or could utilize nitrate. Nitrate-utilizing sectors either
were heterokaryons containing nit mutants or contained a different tvpe of mutant which could both
utilize nitrateand grow on chlorate medium ( c m
mutants). Geneticanalysisof
cm mutants will be
described elsewhere. Sectors ofaltered color or morphologyalso appeared occasionally, particularly in
strains 171 and 408, but these sectors were usually
not chlorate-resistant.
Approximately 14% of all colonies on CLM produced two or more chlorate-resistant sectors. Seventy
colonies (6%) produced more than one sector containing identical nit mutants; these sectors could have
arisen fromthe same mutation event. Thirty-four
colonies (3%) produced multiple sectors containing
different nit mutants; these sectors must have arisen
from multiple mutation events. One colony produced
a nit4 sector and a heterokaryotic sector consistingof
a cm mutant and a nit3 mutant, indicating that three
mutation events had occurred. The frequency of
multiple sectors varied from one strain to another;
strain 149 had the highest frequency (25% of the
colonies produced two or more sectors) and strain
409 had the lowest frequency (4%).
To determine if the frequent recovery of spontaneous nit mutants reflects an inherently high frequency of nuclei carrying nit mutations, spores from
coloniesgrowing on CM weretested for chlorate
resistance. Germinating, uninucleate microconidia
from strains 102 and 148 were placed on CLM. None
of the 52 conidia was resistant to chlorate. Forty
spores were unable to form colonies and 12 spores
formed highly restricted colonies. Eleven of the re-
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TABLE 5

Frequency of isolation of spontaneous, chlorate-resistant
sectors from F. mnonilifomw
Strain

102
124 82
133
148
149
150 80
171
185
408
409
410 71
41 1

Percent plates
with sectors

Total
sectors'

Percent nit

100
96
95
99

129
105
102
130
107
104
105
128
90
104
96
118

81

96
55
98
98
96

Segregation of progeny in crosses between nit mutants

of F. monilifonne

mutantsb

82
77
68
73
78
66
68
81

Sectorsdeveloped spontaneously on a minimalmedium
amended with 1.5% KC103 (CLM). Nitrogen sources were NaNOs
and L-asparagine.
Percentage of chlorate-resistant sectors that were unable to
utilize nitrate as a nitrogen source (nit mutants).
a

stricted colonies later produced sectors of chlorateresistant growth.
Identificationof mutants: nit mutants were divided
into complementation groups by testing mutants in
pairs on minimal medium. A mutant fromeach group
was tested for growth on different nitrogen sources
to identify the point in the nitrate reductase pathway
affected by the lesion. Mutants (Table 2) were found
in loci presumably coding for the nitrate reductase
enzyme (nitl),for a product regulating induction of
the nitrate reductase pathway (nit3), and for a molybdenum-containing cofactor (nit2, nit4, n2t5, nit6,
and nit7). No mutants of the nitrite reductase structural locus or of a major nitrogen regulatory locus
were recovered.
Complementing pairs of mutants differed in the
speed and vigor of heterokaryon formation. Mutants
deficient in the molybdenum cofactor rapidly formed
robust, heterokaryotic growth with mutants from
other complementation groups. Pairings betweennitl
mutants and nit3 mutants, on the other hand,developed heterokaryotic growth more slowly. The nitl,
nit3, nit4, nit5, and nit7 loci all contained more than
one complementation group.
Strain 41 1 differed from the other strains in that
nit mutants with different phenotypes were unable
to form dense, heterokaryotic growth. Thus, nit mutants from strain 41 1 could not be divided into
complementation groups. These mutants were categorized by their ability to utilize different nitrogen
sources and by crossing them with nit mutant testers.
This "self-incompatibility" phenomenon has
also
KLITTICH
been observed in F. oxysporum (CORRELL,
and LESLIE1987).

0143

124-3
124-65
124-1
148-6
148-27
185-53
185-62
133-15
150-52
150-75

0131

5/31 5/26
0142
0124 6/27
6/31
0136 8/36
3/26
5/314/22
0139
4/28 6/22
0127
12/33
0128
10132
9/33
8/362/29
8/34
0134
11136 8/34 2/26 0134

8/35
613 1
7/36
13/36
6/36
7/62

nitl
nit2
nit3
nit4'
nit4"
nit5
nit5
nit6
nit7
nit7

Strains designated by parent and isolation number, e.g. 124-3
is the third nit mutant from strain 124.
Mutants with a common parent can form a heterokaryon
which utilizes nitrate.
E nit4 mutants from strain 148 fell into three complementation
groups. Crossing data for representatives of two of these groups
are shown. The third group contains the nit4 standard tester.

TABLE 6

Frequency of isolation (inpercent) of nit mutants from
12 strains of F. nroniliforme''
Location of mutation
Strain nitl'

102
124
133
148
149
150
171
185
408
409
410
41 1

49
4
50
46
39
5
6
5
42
42
5
6

nit2<

niOd

15
4

34
3
23
28
36
3
2
3
37
35
4
2

7

4
17
4
25
0
5

4
4
0

1
0
0
19
0
12
0

3
6

1
1

nit4'

&' nit6"
1

7
16
7
8
9

9

0

0
3
0
2

0
0
3

3
5
4

1
0
7

4
5

0
3
0
2
3

0
0

2
7

3

0
1

0
0

nitT

Total No.
mutants
characterized

0
1
4
1
0
4
0
0
0
8
0
0

104
81
78
76
67
76
76
104
52
65
74
82

a nit mutants occurred spontaneouslyon CLM medium (contains
nitrate and asparagine as nitrogen sources, plus 1.5% KClOs).
Nitrate reductase structural gene.
Genes controlling production of a molybdenum-containing
cofactor.
Pathway-specific regulatory gene.

nit mutants with the same phenotype from strains
of opposite mating type were crossed to determine
the number of loci represented. If no recombinants
were obtained in a cross, the mutants were considered
allelic. Typical data are shown in Table 5. Crosses
with each mutant were made only until the locus was
identified.
Not all nit mutants were isolated with equal frequency (Table 6). nit1 mutants were most frequently
isolated, constituting from 42-66% of allnit mutants,
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depending on thestrain. nit3 mutants comprised 2342% of the nit mutants, and molybdenum cofactor
mutants collectively made up 5% to 27% of the nit
mutants. Mutants of nit4 were isolated twice as often
as mutants of the remaining four molybdenum cofactor genes combined.
Alternativenitrogensources:
Chlorate-resistant
sectors were isolated from media supplemented with
chlorate and various nitrogen sources with the goal
of obtaining nit mutants at additional loci. All of the
nit mutant types generated, however, had also been
isolated from CLM containing asparagine (Table 3).
No mutants typical of a major nitrogen regulatory
locus were isolated. The frequency ofisolationof
different nit mutant types did varywith nitrogen
source, however (Table 3). The highest proportion
of nit1 mutants was obtained from chlorate media
containing glutamine, glutamic acid, or ornithine,
and~highfrequencies of nit3 mutants (over 40%) were
recovered from uric acid and tryptophan-containing
chlorate media. The highest proportion ofmolybdenum cofactor mutants (over 40%) was obtained
from threonine-chlorate medium.
DISCUSSION

Genetic instability: Although the genus Fusarium
is often considered tobegenetically
unstable in
culture, genetic examination of this instabilityhas
been minimal(BURNETT1984; PUHALLA
1981). We
found that F. moniliforme was unstable when grown
on medium containing chlorate, a toxic analog of
nitrate. All12 strains examined sectored frequently
and spontaneously to chlorate resistance. Most of
these sectors were mutants with lesions in the nitrate
reduction pathway. Although some variation inoverall sectoring frequency between strains was observed,
instability on chlorate medium appears to bea general
characteristic of strains of F. moniliforme. Recently C.
J. R. KLITTICH, J. C. CORRELL
and J. F. LESLIE
(unpublished data) found that 94% of wild-collected
F. moniliforme isolates sector when cultured on chlorate medium.
The cause ofinstability in F. moniliforme is unknown. No chlorate-resistant isolateswere
found
among 52 uninucleate conidia. Using these data, we
calculate that no more than 5 % of the nuclei in the
colony carry a nit mutation prior to cultureon
chlorate medium. Thus, thehigh sectoring frequency
does not result from an inherently high frequency
of chlorate-resistant nuclei in the parental culture.
Thesedatado
not allow us to determine if the
chlorate medium induces mutations or if it merely
selects for preexisting mutations. The behaviorof
the colonies that resulted from 12 of these conidia
suggests thatculturing F. moniliforme on chlorate

42 1

medium can result in genetic instability. These colonies, since they originated from a single conidium,
should be homokaryotic,yet 11 of12 sectored to
chlorate resistance. These mutations must have occurred while the colony was growing on the chlorate
medium, although the medium itself need not be the
cause of the mutation. We cannot estimate mutation
rate directly because we cannot determine the number of nuclei in a colony. Some isolates of F. moniliand J. F.
forme (C. J. R. KLITTICH, J. C. CORRELL
LESLIE,
unpublished data) do not sector under these
conditions, so it is likely that some processother than
background mutation is responsible for the chlorateresistant sectors that we have observed.
Instability inF . m m i l i f o mmight be associated with
a transposable element. Transposon movement has
been associated with high mutation frequencies in a
number of eukaryotic organisms, including yeast
(ROEDERet al. 1980),Drosophila (GREEN
1980; ENGELS
1983), and maize (LILLISand FREELINC
1986). Instability in F. moniliforme mayalsobeassociatedwith
environmental stress. Frequent sectoring was observed on toxic chlorate medium, but was not observed on complete medium. Resistant sectors also
form frequently when F. moniliforme is cultured on
medium containing selenate, a toxic analog of sulfate
(CORRELL
and LESLIE
1987). Environmental stress has
been shown toinduce heritable changes in phenotype
in several organisms, notablyflax
(CULLIS1986).
Stress has also been shown to increase the frequency
of transposon movement; Ty element transposition
in yeast increases 100-fold at cold temperatures (PAQUIN and WILLIAMSON
1984), and Ac elements in
maize are activated by chromosome breakage
(MCCLINTOCK
1984). Parasites such as F. moniliforme
are often exposed to strong selection pressures. Geneticmechanismswhichincreasevariabilitycould
enhance rapid adaptation of the pathogen population
to host resistance, fungicides, and extreme environmental changes. The movement of transposable elements, perhaps triggered by environmental stress
such as growth on a toxic medium, could cause the
high frequency of spontaneous mutation observed in
F. moniliforme. Further research is necessary to determine the molecular mechanism of instability.
Nitrate metabolism: The nit loci identified in this
study are similar in number and phenotype to genes
identified in A. nldulanr and Neurospora crassa (MARZLUF 1981; COVE1976a; Table 2). In each organism,
the nitrate reductase enzyme is encoded by a single
locus, and a single locus also regulates this pathway.
In all three organisms, multiple loci control production of a molybdenum-containing cofactor; four loci
and GARRETT1980),and
in Neurospora (TOMSETT
five loci each in Aspergdlus (MARZLUF1981) and F.
moniliforme. Both the mxABC locus of Aspergillusand
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the nit-9 locusof Neurospora are complex;each
contains three complementation groups (MARZLUF
1981). The nit4 locus in F. moniliforme contained up
to three complementation groups and may be analogous to nit-9 and cnxABC.
No locus resembling either a gene for nitrite reductase, analogous to nit-6 in Neurospora and niwi
in Aspergillus, or a major nitrogen regulatory gene,
analogous to nit-2 in Neurospora and areA in Aspergillus, was identified. We did not expect to isolate
nitrite reductase mutants, because these mutants are
chlorate-sensitive
in
Neurospora and Aspergillus
(TOMSETT
and GARRETT
1980; COVE1976a). The
absence of a mutant in a major nitrogen regulatory
locus is unexpected, however. In Neurospora, mutants in the nit-2 locus can constitute 12-15% of nit
mutants generated on chlorate medium (MARZLUF,
and MARZLUF
PERRINEand NAHM 1985; PERRINE
1986), and some areA mutants ofAspergillus are
chlorate-resistant (ARSTand COVE1973).
To increase the likelihood of obtaining a mutation
of the major nitrogen regulatory locus, we generated
mutants on chlorate media containing one of13
nitrogen sources. No mutants analogous to nit-2 or
areA were found. Similarresultshavealso
been
KLITTICH and
obtained with F. oxysporum (CORRELL,
LESLIE1987). The absence of this mutant class suggests that mutations at this locus are either lethal or
sensitive tochlorate. Chlorate sensitivity seemsa likely
explanation, as a mutant from F. graminearum which
may have a lesion in the major nitrogen regulatory
locus is chlorate-sensitive (LESLIE
1987). If mutations
in the general nitrogen regulatory locus are generally
chlorate-sensitivein the Fusaria,overall regulation
of nitrogen metabolismmay
differ from that in
Aspergillus and Neurospora.
nit mutantfrequency. nit loci differed in their
susceptibility to mutation in these experiments; mutants of nit2 were mostfrequently recovered, followed
by nit3 and nit4 mutants. Mutants of the nitrate
reductase locus are also the most frequently isolated
nit mutants inAspergillus (COVE1976b) and Neuand GARRETT
1980; PERRINE and
rospora (TOMSETT
MARZLUF1986). Mutants of the pathway-specificregulatory locus are frequently isolated in Aspergillus
(COVE1976b) as well as in F . moniliforme, but infrequently isolated in Neurospora (TOMSETT
and GARRETT 1980; MARZLUF,PERRINEand NAHM 1985).
Differences between loci in susceptibility to mutation
could be related to the physical size of the gene, with
larger genes representing a larger target. Alternatively,somelocimay
contain sequenceswhich are
mutational “hot spots,” rendering them more susceptible to mutation.
COVE(1976b) has demonstrated that the nitrogen
source can significantly biasthe relative frequency of
nit mutant types generated on chlorate medium. We

also found that nitrogen source biased the type of
nit mutants generated. A biasing of nit mutant frequencies by nutrient source has also been observed
with Fusarium oxyspomm; on chlorate-amended potato
dextrose agar, 82-95% (depending upon the strain)
of the nit mutants were nitrate reductase mutants,
compared with 59-66% of the nit mutants generated
on a minimal chlorate medium (CORRELL,
KLITTICH,
and LESLIE1987).
nit mutants for vegetativecompatibilitytests.
Spontaneous nit mutants are useful as auxotrophic
markers for forcing heterokaryons to test isolates for
vegetativecompatibility. This technique has been
KLITdescribed in detail for F. oxysporum (CORRELL,
TICH and LESLIE1987). Different isolates are vegetatively compatible (i.e., capable of forming a heterokaryon) only if alleles at all vegetative compatibility
loci are identical.Vegetativecompatibility
groups
(VCGs) are ideal markers for population studies
because they occur naturally, are easy to score using
spontaneous nit mutants, and should beselectively
neutral. SIDHU(1986) used nit mutants to categorize
60 isolates of F. moniliforme into 13 VCGs. A third of
these isolates could not be classified because SIDHU
was unable to obtain complementing nit mutants from
them. Our study of the genetics of nitrate metabolism
suggests some guidelines for the use of nit mutants
to examine VCGs in F. moniliforme. For example, we
foundthat1out
of the 12 strains examined was
incapable of forming a heterokaryon. Self-incompatible isolates, such asstrain 41 1,are a potential source
of confusion in VCG tests, and may have contributed
to SIDHU’S
inability to classify 22 of his F. moniliforme
isolates. We also found that nit mutant types differ
in their suitability for VCG standards. Mutants deficientin the molybdenum-containing cofactor are
infrequently isolated and readily form complementing heterokaryons, making them goodchoices for
nit2 and
standards invegetativecompatibilitytests.
nit3 mutants, on the other hand,
may form weak,
slow-growing heterokaryons, giving ambiguous results. Thus, the phenotypes of nit mutants should be
determined before standards are selected.
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