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Genetic Diversity of Gibberella zeae Isolates from Manitoba 

W. G. D. Fernando, J. X. Zhang, M. Dusabenyagasani, X. W. Guo, and H. Ahmed, University of Manitoba, De-
partment of Plant Science, Winnipeg, MB R3T 2N2, Canada; and B. McCallum, Cereal Research Centre, Agricul-
ture and Agri-Food Canada, Winnipeg, MB R3T 2M9, Canada 

Gibberella zeae (Schwein.) Petch (ana-
morph Fusarium graminearum Schwabe) 
is a plant pathogen of various plant species 
including barley, wheat, maize, rice, carna-
tion, and other small cereals with a world-
wide distribution (28). The taxonomy of G. 
zeae has been updated since 2000. Previ-
ously recognized as a panmictic species 
spanning continents, G. zeae is now con-
sidered to be a clade comprising nine phy-
logenetically distinct species defined using 
genealogical concordance phylogenetic 
species recognition (29,33). The status of 
G. zeae in Canada and Manitoba according 
to the new taxonomy is yet to be estab-
lished. G. zeae causes Fusarium head 
blight (scab), a disease that has become 
economically devastating on barley and 
wheat in North America for the last two 

decades because of successive epidemics 
(14,22,32). Infection of cereals by Fusa-
rium species reduces grain yield and qual-
ity, especially through grain contamination 
by mycotoxins that are harmful to humans 
and livestock (34). Fusarium head blight is 
weather dependent, precipitation being the 
main factor (15,22). No single control 
measure is effective against Fusarium head 
blight. However, intensive research aimed 
to develop resistant cultivars and biological 
control tools is going on because inte-
grated management helps reduce losses 
(9,13). 

Information on fungal population vari-
abilities is important in order to better 
understand the source and development of 
disease outbreaks and to help develop and 
plan deployment of control measures. Sev-
eral methods have been used to character-
ize G. zeae isolates. A nonexhaustive list 
includes morphological traits, vegetative 
compatibility analysis (VCA), mycotoxin 
production, and molecular methods (12). 

VCA, which uses vegetative incompati-
bility, is the prevention of somatic fusion 
between individuals that occurs frequently 
and has been extensively investigated in 
ascomycetes (6,16,20,25). In many species 
studied, including G. zeae, a large number 
of vegetative compatibility groups (VCG) 
have been found (2,12,36). Molecular 
markers are also useful tools in the analy-

sis of genetic variation in populations of 
plant-pathogenic fungi. A number of mo-
lecular techniques are available for study-
ing the genetic relationships within and 
among fungal populations within a species. 
Protein based methods such as isozymes, 
and DNA-based methods including restric-
tion fragment length polymorphisms 
(RFLP) and polymerase chain reaction 
(PCR) have been applied to population 
analyses of plant pathogens such as F. 
graminearum (7,11,36). Although each 
method has both strengths and limitations, 
the amplified fragment length polymor-
phism (AFLP) was until recently consid-
ered the most effective because it is highly 
reproducible and polymorphic compared 
with other methods such as RFLP, ran-
domly amplified polymorphic DNA 
(RAPD), and simple sequence repeats 
(SSRs) (30). Sequence related amplified 
polymorphism (SRAP), a relatively new 
method based on two-primer PCR amplifi-
cation, produces reproducible and poly-
morphic markers as AFLP with added 
advantages of simplicity and low cost be-
cause there are fewer steps involved 
(17,35). It has been used in gene tagging of 
Brassica species (17) as well as population 
analysis of Apiosporina morbosa, the fun-
gal pathogen of black knot of Prunus spp. 
(10,37). 

The objective of this work was to inves-
tigate the impact of geographic location 
and host variety on the genetic diversity of 
G. zeae isolates from several wheat varie-
ties grown in two 80-km-distant locations 
of the province of Manitoba, Canada. 

MATERIALS AND METHODS 
Fungal isolates and vegetative com-

patibility analysis. Sixty isolates of G. 
zeae were collected from spikes of wheat 
varieties showing scab symptoms at two 
University of Manitoba agriculture field 
research stations located in Carman and 
Winnipeg (Table 1). Six varieties were 
sampled in Carman and 10 in Winnipeg 
(Table 1). Twenty-two isolates within the 
collection were from 11 different spikes, 
each spike with two isolates from different 
spikelets on the head. Spikelets with Fusa-
rium head blight symptoms were used for 
isolation according to the Nash and Snyder 
method (24). Fungal cultures were further 
single-spored, maintained on synthetic 
nutrient agar (SNA) medium, and identi-
fied using keys for Fusarium spp. 
(4,26,27). Fifty isolates, including seven 
pairs from different spikes, were also 
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tested with VCA by pair-wise isolate con-
frontation in petri dishes with potato dex-
trose agar (PDA; Difco Laboratories, MD, 
USA) medium as previously described 
(21). 

DNA extraction. Mycelia of each iso-
late were prepared in a flask with 75 ml of 
potato dextrose broth (PDB; Difco). To 
obtain mycelia, PDB flasks were inocu-
lated with a 0.5-ml suspension of ap-
proximately 106 conidial spores per millili-
ter of an isolate. The flasks were incubated 
at room temperature for 7 days without 
agitation. A mycelial pad was formed and 
harvested by vacuum filtration through two 
layers of sterilized Miracloth (Calbiochem, 
CN Biosciences, Inc., La Jolla, CA). My-
celia were rinsed twice with sterilized 
distilled water and stored at –80°C until 
lyophilized. DNA of each isolate was ex-
tracted according to Lodhi et al. (19)  
without polyvinylpyrrolidone. All DNA  
extracts were quantified using a spectro-
photometer and adjusted to a final concen-
tration of 5 ng µl-1 for PCR analysis. 

Amplification of SRAPs. The SRAP 
technique was used as a tool to analyze 
genetic diversity within the G. zeae collec-
tion. Thirty-six pairs of SRAP primers 
provided by G. Li (Department of Plant 
Science, University of Manitoba, Canada) 
were screened for the PCR amplification, 
and the following eight primer pairs, 
which provided polymorphic and repro-
ducible markers (Table 2), were selected 
for generating the SRAP data: 
ODD9/ODD15, ODD9/EM2, ODD14/ 
ODD32, ODD15/ODD30, ODD30/DC1, 
ODD15/EM1, ODD30/EM1, and DC1/ 
RP1. PCR amplification reaction was per-
formed in a 15-µl reaction volume contain-
ing 15 ng of template DNA, 0.4 µM each 
of two primers, 0.75 units of Taq poly-
merase (Fisher brand), 100 mM Tris-HCl 
(pH 8.0), 500 mM KCl, 1.5 mM MgCl2, 
and 0.1 mM each of dNTPs. The frag-
ments were amplified in a programmable 

thermal controller (Genius, TECHNE Ltd., 
Cambridge, UK). The first five cycles were 
run at 94°C for 1 min, 35°C for 50 s, and 
72°C for 1 min, for denaturing, annealing, 
and extension, respectively. Then the re-
mainder of the amplification was 36 cycles 
at 94°C for 50 s, 50°C for 50 s, and 72°C 
for 1 min. The amplified PCR products 
were separated by electrophoresis, using a 
denaturing 5% polyacrylamide gel contain-
ing 7.5 M urea. Gels were then silver 
stained with the Promega kit (Promega, 
Madison, WI, USA) according to the 
manufacturer’s specifications. PCR repli-
cates using the same set of primers and 
isolates and different DNA preparations of 
the same isolates were conducted with all 
combinations of isolates and primers to 
check the repeatability of results. The 
presence and absence of all fragments 
between molecular sizes of 50 and 500 bp 
were scored for each isolate. Bands repre-
senting molecular sizes larger than 500 bp 
or less than 50 bp were not scored because 
the resolution was insufficient to discrimi-
nate between bands of various molecular 
sizes. 

Statistical analysis. Populations were 
defined according to their geographic ori-
gin. Amplified fragments were manually 
recorded as present (1) and absent (0). 
Several methods were used to analyze 
SRAP data. Principal component analysis 

(PCA) using covariance matrices was per-
formed with the Program SAS (SAS Insti-
tute, Cary, NC, USA) to determine main 
components that could define significant 
structures within the dataset. The software 
Population Genetics Analysis (POPGENE, 
version 1.32; Molecular Biology and Bio-
technology Center, University of Alberta, 
Edmonton, Canada) was used for estima-
tion of standard population genetics pa-
rameters. The analysis of molecular vari-
ance (AMOVA; 8) included in Arlequin 
program (31) was performed and allowed 
to partition the total genetic variance 
within and among the populations. To 
investigate the relationship between VCGs 
and SRAPs, a simple Mantel test was per-
formed with VCG and SRAP information 
from 50 isolates using the Zt program (1). 

RESULTS 
VCA showed that mycelia from com-

patible isolates overgrew and mixed with 
each other but incompatible isolates pro-
duced a typical barrier at the confrontation 
zone (Fig. 1). Sixteen VCGs were found 
among the 50 isolates tested. VCGs 1, 3, 6, 
7, and 16 were only present in Carman, 
VCGs 9, 10, 11, 13, 14, and 15 were only 
in Winnipeg, and VCGs 2, 4, 5, 8, and 12 
were in both locations (Table 1). We have 
also identified different VCGs from indi-
vidual spikes: four out of seven pairs of 

Table 1. Characteristics of Gibberella zeae isolates collected from wheat in Carman and Winnipeg, Manitoba, in 2002 

Location Variety Isolatea VCGb 

Carman Readymade F14, F23a, F24a NA, NA, NAc 
Winnipeg Readymade F130, F131, F135 10, 11, NA 
Carman Osprey F47, F51b, F52b, F53 1, 1, 1, 2 
Carman CDC Raptor F54c, F55c, F56d, F57d, F58, F60 3, 4, 3, 5, 6, 6 
Carman CDC Raptor F62e, F63e, 64f, 65f, F66g, F68g, F69h, F70h 6, 6, 6, 2, 7, NA, 8, 7 
Winnipeg CDC Raptor F157, F159, F160 5, 14, 8 
Carman UM5089 F88, F89i, F90i 7, 7, 7 
Winnipeg UM5089 F166, F169j, F170j, 174 15, NA, 4, 4 
Carman UM5116 F92 12 
Winnipeg UM5116 F179, F180, F181, F183, F185, F186 5, 4, 10, 9, 15, 10 
Winnipeg Norster F115 NA 
Winnipeg Ketrel F119 9 
Winnipeg Norwin F123, F128 11, 2 
Winnipeg Clair F137 4 
Winnipeg Falcon F144k, F145k, F146, F148 4, 4, 12, 13 
Carman CDC Teal F191, F194, F212, F213, F217, F218, F222, F223 NA, 2, 2, 2, 16, 16, NA, NA 
Winnipeg CDC Teal F229, F231 4, 8 

a Isolates followed by the same letter were from the same spike. 
b Vegetative compatibility group. 
c Not analyzed. 

Table 2. Sequences of the sequence related amplified polymorphism (SRAP) primers used to amplify 
Gibberella zeae genomic DNA 

Primer name Primer sequence 

DC1 5′-TAA ACA ATG GCT ACT CAA G-3′ 
ODD30 5′-GCG ATC ACA GAA GGA AGG T-3′ 
ODD14 5′-TCG GTC TTT GTC GTT TCT A-3′ 
ODD32 5′-ACT GTG ATG TCG TTA CTG AT-3′ 
ODD9 5′-AGT TCC TCA GAC GCT ACC-3′ 
ODD15 5′-GCG AGG ATG CTA CTG GTT-3′ 
EM1 5′-GAC TGC GTA CGA ATT AAT-3′ 
EM2 5′-GAC TGC GTA CGA ATT TGC-3′ 
RP1 5′-CAT TGT GGA TGG CAT CTG A-3′ 
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isolates, each pair from a distinct spike, 
comprised isolates with different VCGs 
(Table 1). Ninety polymorphic SRAP 
fragments were present in 60 G. zeae iso-
lates using eight pairs of the SRAP primers 
(Fig. 2). Only two isolates (F51 and F52) 
out of 60 had the same SRAP haplotype 
and likely represent the same colonization 
event. Statistical analysis of SRAP data 
revealed that even though most isolates 
were different, the composition of Carman 
and Winnipeg subcollections was compa-
rable. The percentage of polymorphic loci 
is identical and the Shannon indices sug-
gest that genotypes might be similarly 
distributed in both locations (Table 3). 

PCA revealed that the first two principal 
components accounted for 31.72% of the 
total variance and the remaining ones ex-
plained less than 10% each (PCA1 = 20.11, 
PCA2 = 11.28, PCA3 = 6.29, etc.). Accord-
ing to the plot involving the first two main 
components, SRAP markers with positive 
contribution to the first principal compo-
nents characterize isolates from variety 
Osprey, but SRAP markers with negative 
contribution characterize isolates from 
variety Readymade (Fig. 3). The SRAP 

 

Fig. 1. Vegetative compatibility analysis. A = compatible, and B = incompatible between nonmutant
Gibberella zeae isolates on potato dextrose agar (PDA) medium. 

 

Fig. 2. A polyacrylamide gel that separated sequence related amplified polymorphism (SRAP) amplification products from Gibberella zeae isolates using the 
ODD9 and EM2 primers. Arrows show polymorphic SRAP markers. From left to right, lanes represent polymerase chain reaction (PCR) products from 
isolates F57, F58, F60, F62, F63, F64, F65, F66, F68, F69, F70, F88, F89, F90, F92, F115, F119, F123, F128, F130, F131, F135, F137, F144, F145, F146,
F148, F157, F159, F160, F166, F169, F170, F174, F179, F180, F181, F183, and F185. 
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dataset revealed that at least five markers 
are associated to PCA1. Three of them are 
present in isolates from variety Readymade 
but absent in isolates from variety Osprey. 
The other two markers are absent in iso-
lates from variety Readymade but present 
in isolates from variety Osprey. The sec-
ond principal component shows that most 
isolates from variety CDC Teal are charac-
terized by SRAP markers with positive 
contribution, but those with negative con-
tribution characterized most isolates from 
variety CDC Raptor (Fig. 3). According to 
the SRAP marker dataset, at least three 
markers are associated to PCA2. Two of 
them are present in all but one isolate from 
variety CDC Teal but absent in all isolates 
from variety CDC Raptor. The third 
marker is present in all isolates from vari-
ety CDC Teal but absent in all but one 
isolate from variety CDC Raptor. 

The AMOVA revealed that 75% of the 
total variance was due to differences 
among individual isolates and 20% of the 
variance was associated to the varieties 
from which isolates were collected within 
both locations. Geographic location con-
tribution was not significant at P = 0.05 
and accounted for only 4% of the total 
variance (Table 4). Such observation was 
not only supported by diversity indicators 
(Table 3), which revealed a great deal of 
migration (Nm = 8.4), close Shannon indi-
ces, and identical percentage of polymor-
phic loci, but was also confirmed by values 
of genetic identity and distance between 
isolates from Carman and Winnipeg of 
0.98 and 0.02, respectively, that suggested 
nearly identical population composition. 
The correlation between VCGs and SRAP, 
although significant, is small (r = 0.1067; 
P = 0.0015) and does not allow association 
of the two characteristics. 

DISCUSSION 
This study found a high number of 

VCGs, although they were less important 
than previously reported for G. zeae 
(2,3,13,34). Contrary to the previous find-
ings for G. zeae populations from Kansas 
and North Dakota (36), our results re-
vealed that isolates within the same VCG 
were not clones because most of them had 
different SRAP haplotypes. The difference 
between these results may be explained by 
the different discriminatory power pro-
vided by the VCA methods used. Our 
PDA-based VCA method may be less dis-

criminatory than the nitrate nonutilizing 
mutant based method used in the previous 
study (36). This study may have underes-
timated the number of VCGs by identify-
ing only macroscopic incompatibility phe-
notypes that involve several vegetative 
incompatibility (vic) genes, in contrast to 

the nitrate mutant method that can detect 
differences associated to one vic gene. 
Hypoviruses have been reported in G. zeae 
and could also explain the difference in the 
results (5). Analyses of their transmission 
in Cryphonectria parasitica has revealed 
that vic genes appear to be additive in 

Table 3. Genetic diversity indicators of the Gibberella zeae populations from Carman and Winnipeg, Manitoba 

Population Population size ga sb pc Hd Gste Nmf 

Carman 33 32 0.249 63.3 0.156 – 8.431 
Winnipeg 27 27 0.270 63.3 0.173 0.056 – 

a Number of genotypes in population. 
b Shannon index. 
c Percentage of polymorphic loci (99% criterion). 
d Average unbiased proportion heterozygosity. 
e Gst = coefficient of gene variation. 
f Nm = number of migrants. 

Fig. 3. Principal component analysis score plot of 60 Gibberella zeae isolates based on 90 sequence 
related amplified polymorphism (SRAP) markers. PC1 = first principal component; PC2 = second 
principal component. The first two principal components account for 31% of the total variance associ-
ated to the 90 SRAP markers. 

Table 4. Analysis of molecular variance (AMOVA) for 90 sequence related amplified polymorphism
(SRAP) markers assayed in 60 Gibberella zeae isolates from Carman and Winnipeg, Manitoba, in 
2002 

Source df Variance % Variance P 

Among locations 1 0.31949 3.91 0.0574 
Among varieties within locations  14 1.69678 20.78 <0.0001 
Within varieties 44 6.14813 75.30 <0.0001 
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some vegetative incompatible reactions 
(18). 

The identification of different VCGs 
from individual spikes suggested that at 
least two different infection events and 
sources had occurred. We cannot, however, 
establish the extent of wheat spike multiple 
infection by G. zeae because only two 
isolates per head were collected from a 
limited number of spikes. However, our 
results are consistent with previously re-
ported data from barley and wheat (20,36). 

SRAP results are in agreement with 
findings about the high diversity of G. zeae 
isolates from the United States and eastern 
Canada based on RAPD, ISSR, and AFLP 
markers (7,23,36). Such diversity is indica-
tive of the frequency of sexual recombina-
tion undergone by G. zeae in three Cana-
dian prairie provinces: Alberta, Manitoba, 
and Saskatchewan (23). According to 
PCA, each of the principal components 
accounted for a proportion of the total 
variance of 20% or less, which suggests 
that, despite the high diversity, no well-
defined groups could be characterized 
within the used fungal collection, and 
therefore the isolates likely represented 
quite a homogeneous gene pool. 

According to the AMOVA, the variety 
that was the source of isolates accounted 
for more than five times the variance ex-
plained by geographic location. Geo-
graphic location was not a significant 
source of variation at P = 0.05%. However, 
the variance associated to the variety could 
be a little overestimated because of the 
limited number of isolates from each vari-
ety. Our experimental design could not 
allow differentiation of the contributions of 
the variety per se and the seedborne inocu-
lum, but we assume from the results that at 
least both together might have had some 
significant impact on the diversity of G. 
zeae populations. The seedborne inoculum 
hypothesis might also explain the high 
level of identity and the number of mi-
grants estimated between Carman and 
Winnipeg, because the wheat seeds used in 
the two locations were from the same lots. 
The movement of cereal seeds within the 
Canadian prairies have been considered the 
main cause of lack of geographical struc-
tures within G. zeae (23). Thus, making 
representative G. zeae collections may 
require sampling several wheat varieties. 
The weak correlation between VCG and 
SRAP data is related to the scale of ge-
nome sampling provided by these meth-
ods, SRAPs being randomly distributed 
markers, in contrast to VCGs, which are 
based on only several vic genes. The rela-
tive importance of variety over geographic 
location identified by this study suggests 
that inoculum migration together with 
sexual recombination are probably the 
main factors affecting the genetic diversity 
of G. zeae populations in Carman and 
Winnipeg. Appropriate design could be 
used with the SRAP markers developed by 

this study to estimate the impact of differ-
ent varieties on G. zeae genetic diversity 
regardless of seed sources. There is an 
active research program at the Cereal Re-
search Centre, Agriculture and Agri-Food 
Canada, Winnipeg, Manitoba, in the Uni-
versity of Manitoba campus where resis-
tance to Fusarium head blight is under 
development using marker-assisted selec-
tion. Some relatively resistant cultivars 
such as AC Barrie and AC Cadillac are 
already in farmers’ fields as part of an 
integrated management approach in the 
Canadian prairies. These SRAP markers 
could therefore help to assess whether 
different management schedules (i.e., dif-
ferent combinations of crop rotation, till-
age, and wheat cultivars) affect the genetic 
diversity of G. zeae populations. 
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