
SUMMARY

A complex of Fusarium species causes a wide range
of diseases in a diversity of host plants worldwide. In ce-
reals Fusarium head blight is one of the most devastat-
ing diseases. Besides yield loss, infection of the seeds by
Fusarium spp. results in the accumulation of various
mycotoxins in food. In small-grain cereals, F. poae and
F. sporotrichioides are the main pathogens with such a
toxigenic profile. In this study, a highly sensitive duplex
PCR assay based on multi-copy rDNA sequences was
developed for the differential detection of F. poae and F.
sporotrichioides. The assay’s specificity was demonstrat-
ed on a wide range of Fusarium species from different
parts of the world and from different hosts or sub-
strates. When compared with tests based on single-copy
sets of primers on symptomless wheat seed samples, our
assay proved to have the highest sensitivity. The use of a
marker developed on symptomless wheat seed samples
originating from northern Poland showed that all sam-
ples were positive for the presence of F. poae. 
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INTRODUCTION

Infection of plants with pathogenic Fusarium species
induces in a diversity of host plants a wide range of dis-
eases such as vascular wilt, pre- and post-emergence
blight, and root and stem rots. In cereals, Fusarium
head blight (FHB) reduces the yield and quality of
seeds and results in the accumulation of various myco-
toxins in the crop. The disease is caused by a complex
of Fusarium species such as F. avenaceum, F. culmorum,
F. graminearum, F. poae and F. sporotrichioides, which
are common components of FHB in small-grain cereals,
and produce various groups of mycotoxins (Leslie and
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Summerell, 2006). Strains of F. poae have been reported
to produce beauvericin, enniatins, neosolaniol/T-2 tox-
in, nivalenol and diacetoxyscirpenol. The toxigenic pro-
file of F. sporotrichioides is similar to that of F. poae ex-
cept for production of nivalenol. However, F. sporotri-
chioides is considered the main source of T-2 toxin in
cereal grain. Both fungal species have been associated
with human and animal toxicoses (Desjardins, 2006).

There are numerous methods available for diagnosis
of the Fusarium complex. Classical methods rely on
morphological characteristics, such as the presence or
absence of microconidia, shape and size of macroconi-
dia, colony morphology, pigmentation and growth rate.
This requires isolation of the fungus from infected ma-
terial and plating on selective media, which may take
several weeks (Leslie and Summerell, 2006), so the iden-
tification of fungi using morphological characteristics is
difficult and requires expertise. This difficulty has been
reflected in frequent misidentifications of Fusarium
species in fungal collections (Yoder and Christianson,
1997; O’Donnell et al., 1998; Kulik et al., 2004) also re-
ported in this study. 

Alternatively, various methods of DNA-based analy-
sis have been developed to identify Fusarium species
from pure cultures. These include RAPD (Nelson et al.,
1997), PCR-RFLP (Llorens et al., 2006), AFLP analysis
(Schmidt et al., 2003) and gene sequence data alignment
(Tan and Niessen, 2003). DNA analyses are considered
to be more reliable than classical methods, because they
are independent of morphological variations of the fun-
gal cultures. However, these methods are laborious and
time-consuming, and interpretation of the results is of-
ten difficult. As an alternative, simple diagnostic assays
based on the use of species-specific primers have been
developed for a range of Fusarium species. 

The specificity of the primers allows direct detection
of a target pathogen from different plant species, tissues
or substrates. Interpretation of the result is simple, for
the presence of the target pathogen in the sample is giv-
en by the presence of the expected amplicons (Nichol-
son et al., 2004; Demeke et al., 2005; Jurado et al.,
2005). The majority of specific primers for Fusarium
species were designed on the basis of the nucleotide se-
quence of unique bands generated by RAPD (Nichol-
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son et al., 2004). Such primers target anonymous, sin-
gle-copy DNA regions, thus the level of intraspecific
variability of these regions is unknown. 

Different strategies for generating species-specific
primers have been used. Sequence polymorphisms re-
vealed by the alignment of many sequences available in
databases have enabled the design of several sets of
species-specific primers. Several extensively sequenced
genes, such as ef-1a (Aoki and O’Donnell, 1999; Kris-
tensen et al., 2005), b-tubulin (Seifert and Levesque,
2004) and tri5 (Niessen et al., 2004), were found useful
as diagnostic targets for Fusarium species. However,
cross-reactivity of species-specific primers with other
closely related species has been reported, as well as lack
of amplification, or amplification of unexpected prod-
ucts, from some isolates belonging to the target species
(Tan and Niessen, 2003; Demeke et al., 2005). 

Although a major advantage of PCR-based diagnosis
is high sensitivity, poor detectability has been reported
for several Fusarium species (Yli-Mattila et al., 2004;
Demeke el al., 2005). A well-known problem with DNA
extraction in sufficient amount for PCR amplification is
the difficulty of disrupting fungal cells (Knoll et al.,
2002). The sensitivity of PCR assays can also be in-
creased by using primers targeting multi-copy regions of
DNA such as rDNA (Edel et al., 2000; Kulik et al.,
2004; Jurado et al., 2005). The nuclear rDNA region
contains 18S, 5.8S and 28S rRNA genes separated by
two internal transcribed spacers (ITS1 and ITS2) and
one intergenic spacer (IGS) (White et al., 1990). The
ITS2 and 28S regions, in particular, have been exten-
sively sequenced and shown to be useful for generating
specific primers for several Fusarium species (Edel et
al., 2000; Kulik et al., 2004). Most diagnostic PCR pro-
tocols for Fusarium spp. have been designed to use one
specific primer pair in a single reaction. The need to test
the plant material in a single reaction for each species,
often with different PCR conditions, makes the diagno-
sis laborious and time-consuming. Thus, a multiplex
PCR assay has been devised for simultaneous detection
of more than one target DNA in the same reaction (De-
meke et al., 2005). 

Our objective was to set up a highly sensitive duplex
PCR assay based on rDNA sequences for simultaneous
detection of F. poae and F. sporotrichioides from wheat
seeds. Assay sensitivity was compared with previously
developed PCR assays based on single-copy species-spe-
cific primers on wheat seed samples of healthy appear-
ance naturally contaminated with Fusarium spp.

MATERIALS AND METHODS

Fungal strains tested for primer specificity. The fun-
gal strains tested for primer specificity are listed in
Table 1. Strains of Fusarium tested are held in the CBS

(The Centraalbureau voor Schimmelcultures, The
Netherlands) fungal collection. The local (Polish)
strains tested are held in the fungal collection of the
DDPP (Department of Diagnostics and Plant Patho-
physiology, University of Warmia and Mazury in Olsz-
tyn, Poland). The Fusarium isolates were maintained on
PDA (potato dextrose agar) at 25°C.

Grain samples. Wheat seed samples (24 × 1 kg) were
harvested in 2007 from experimental fields of six Re-
search Centers for Cultivar Testing located in northern
Poland. Contamination of the seed samples with Fusari-
um species was assessed by microbiological examination
on PDA (200 symptomless seeds per sample).

DNA extraction. DNA was extracted from fungal
cultures and wheat seed samples as previously described
(Kulik et al., 2007). 

Design of primers and duplex PCR protocol. Poten-
tially specific primers for F. poae were designed by align-
ment of the rDNA sequences of F poae (accession Nos.
AF405490, AF405489, AF405488, AF405487,
AF405486, AJ854660) and other closely related species
available in the NCBI database using BLASTn. In the
case of F. sporotrichioides, a previously developed specif-
ic primer set FspITS2K/P28SL (Kulik et al., 2004; Hue
et al., 1999) on the basis of sequence polymorphism
within ITS2 rDNA was incorporated into the assay. 

The specificity of the assay was tested in a duplex
PCR reaction with the target species and other closely
related species (Table 1). Duplex PCRs were performed
in a total volume of 25 µl, containing up to 15 pg of ge-
nomic DNA (5 µl), 0.25 U FailSafe Polymerase (0.5 µl),
13 µl PreMix E (Epicenter Biotechnologies, USA) and 5
ml primer mix, using a Mastercycler gradient thermal
cycler (Eppendorf, Germany). The annealing tempera-
ture and duration of the three steps of each cycle were
determined experimentally (Table 2). Reactions were
performed at least three times to check the consistency
of the method. Aliquots (8 µl) of each PCR product
were analyzed by electrophoresis in TBE buffer in 1.5%
agarose gels.

RESULTS AND DISCUSSION

Design of potentially species-specific primers from
the rDNA sequences. Multiple alignment of ITS2 and
28S rDNA sequences available in the NCBI database
showed sufficient polymorphism within 28S rDNA to
design species-specific primers for F. poae. Both poten-
tially specific primers showed 100% identity, as re-
vealed with BLASTn analysis, with all target sequences
of F. poae deposited in the NCBI database. 

Since numerous fungal rDNA sequences have been
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Table 1. List of fungal strains used for primer specificity testing.

Fungal species                            CBS/DDPP code Geographical origin, host or habitat of
origin

Duplex
PCR assay

CBS 446.67 Germany, inflorescence of
Anthoxanthum odoratum

+

CBS 317.73 Australia, bud of Dianthus sp. +
CBS 177.64 Wheat kernel +
CBS 623.87 Denmark, straw of Hordeum vulgare +
CBS 120998 South Africa, wheat kernel +
CBS 597.96 Unknown (reidentified as F. culmorum) -
CBS 184.96 Norway, barley +
CBS 180.96 Norway, wheat +
CBS 185.96 Norway, barley +
CBS 175.96 Norway, barley +
CBS 183.96 Norway, barley +
CBS 181.96 Norway, barley +
CBS 178.96 Norway, wheat +
CBS 186.96 Poland, wheat +

F. poae

DDPP 07602, 079822, 071201,
079706, 07301, 07317, 07001,
079301, 07904, 071106, 07504

Different parts of Poland, wheat kernels,
2007

+

CBS 447.67 Germany, Niedersachsen, Pinus nigra
seed, 1965

+

CBS 534.96 Unknown, 1965 +

CBS 178.64
Belgium, Heverlee, Nicotiana tabacum,
seedling root in greenhouse, 1964

+

CBS 412.86
Denmark, Rørvig, Skansehage, Juncus
(Juncaceae), stipe, 1986

+

CBS 413.86 Denmark, Hordeum vulgare, ear, 1986 +
CBS 180.32 Japan, Pisum sativum, 1928 +
DDPP 0612, 061605, 05283,
062808

Poland, winter wheat kernel, 2006 +

DDPP 0607p Poland, redcurrant, leaf, 2005 +
DDPP 07309, 07414, 07403,
07412, 07408, 07905, 071403

Different parts of Poland, wheat kernels,
2007

+

F. sporotrichioides var.
sporotrichioides

DDPP 07501 Poland, larch +
CBS 448.67 Germany, Niedersachsen, Picea abies,

seed, 1965
+

F. sporotrichioides var. minus

CBS 249.61 USSR, 1961 +
F. acuminatum CBS 618.87 Denmark, soil from fruit orchard -
F. armeniacum CBS 485.94 Australia -

CBS 121.73 UK, root of Dianthus caryophyllus -
CBS 387.62 Turkey, leaf of Camellia sinensis -

F. avenaceum

DDPP 03515 Poland, winter wheat kernel, 2003 -
F. aywerte CBS 395.96 Australia, Northern Territory, Little

Palm Creek, soil under Plectrachne sp.,
1992

-

F. cerealis CBS 195.80 Colombia, burnt páramo soil -

CBS 220.61 South Africa, soil -
CBS 445.67 Australia, Triticum aestivum -

F. chlamydosporum var.
chlamydosporum

CBS 511.75 Peru, seedling of Gossypium sp. -
CBS 129.73 Portugal, Populus nigra -
CBS 119870 unknown -
CBS 119869 Australia -
CBS 110567 France, wheat -
CBS 110566 France, wheat -

CBS 110269 Canada -

F. culmorum
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CBS 475.95
Netherlands, Ammophila arenaria
(Gramineae), root

-

CBS 417.86 Denmark, mouldy  barley kernel -
CBS 416.86 Denmark, soil from barley field -

CBS 251.52
Triticum aestivum (Gramineae), grain, cv.
Koga

-

CBS 250.52 Secale cereale (Gramineae), seed -

CBS 257.51
Netherlands, Hyacinthus orientalis
(Hyacinthaceae), root, cv. Gertrude

-

DDPP 0603 Poland, winter wheat kernel, 2006 -
DDPP 05282 Poland, winter wheat kernel, 2005 -

F. equiseti

CBS 406.86 Germany, soil, 1985 -
CBS 110246 Brazil, maize -
CBS 110245 Venezuela, herbaceous vine -

F. austroamericanum

CBS 110244 Brazil, polypore -
CBS 110247 New Caledonia, orange twig -F. meridionale

CBS 110248 Nepal, maize -
F. boothii CBS 110270 South Africa -
F. mesoamericanum CBS 415.86 Honduras, Musa (Musaceae), fruit -
F. acaciae-mearnsii CBS 110253 South Africa, Acacia mearnsii

(Leguminosae-mimosoideae)
-

CBS 110258 China, Shanghai Province, wheat head
blight

-

CBS 110257 Japan, barley -

F. asiaticum

CBS 110256 Barley -
CBS 110263 Iran, maize -
CBS 119174 USA, Louisiana, wheat head -
CBS 119173 USA, Louisiana, wheat head -
CBS 110265 USA, Ohio, wheat -
CBS 110264 USA, Michigan, maize stalk -

F. graminearum

CBS 110261 USA, Ohio, maize -
F. heterosporum CBS 119845 Australia, Claviceps paspali sclerotia on

Paspalum sp., 1983
-

DDPP 061301 Poland, winter wheat kernel -F. langsethiae
CBS 121451 Syria, declining grapevine -

F. nurragi CBS 393.96 Australia, Victoria, Wilson's Promontory
National Park, soil in heathland, 1991

-

F. oxysporum CBS 620.87 Denmark, kernel of Hordeum vulgare -
F. pseudograminearum CBS 109953 Australia, uncultivated pasture soil -
F. proliferatum DDPP 05512 Poland, winter wheat kernel -

CBS 161.57 Canada, Manitoba, Solanum tuberosum -
CBS 135.73 Egypt, Lycopersicum esculentum -

F. sambucinum var.
sambucinum

CBS 665.86 Iraq, Glycine soja -
CBS 410.86 Denmark, mouldy grain of Hordeum

vulgare
-

CBS 253.50 Finland, grain of Hordeum sativum -

CBS 393.93
Germany, winter wheat cv. Diplomat,
culm base

-

F. tricinctum

DDPP 0605 Poland, winter wheat kernel -
CBS 148.95 Sweden, Spinacia oleracea -F. venenatum
CBS 458.93 Austria, Orchis santa -

F. verticillioides CBS 734.97 Germany, Zea mays -

+ Presence of the expected PCR product; - absence of the expected PCR product

004_JPP106RP_441  13-11-2008  14:44  Pagina 444



published since the development of a PCR assay specif-
ic for F. sporotrichioides (Kulik et al., 2004), the speci-
ficity of the primer FspITS2K was examined once again
with BLASTn analysis. This revealed 100% identity
with all target F. sporotrichioides sequences deposited in
the database (accession Nos. EF682110, EF464168,
EF464167, AY510069, AF414973, AF414970,
DQ093674, AF111055, AF111053, U85541, AF006348,
AF006347, U38553, U38551, AY188917) except for one
strain (accession No. AF414972). In our previous stud-
ies (Kulik et al., 2004), the sequence of this strain was
not considered as F. sporotrichioides because of its
100% identity with F. langsethiae (accession No.
AF414969) (submitted to NCBI database as F. pulvero-
sum). However, recent phylogenetic studies of the sec-
tion Sporotrichiella showed that F. sporotrichioides had
two different ITS genotypes (Yli-Mattila et al., 2004).
Most of the strains analyzed in that study had the FsI
genotype (on which the specific primer was designed),
while four strains belonged to genotype FsII which was
identical to F. langsethiae genotype FI. Thus, the primer
FspITS2K is specific for F. sporotrichioides belonging to
ITS genotype FsI.

Specificity and sensitivity of the duplex PCR assay.
Among the number of diagnostic protocols for Fusari-
um species, PCR assays are considered to be rapid and
reliable. In setting up diagnostic PCR, the quantity of
the template is the crucial factor influencing amplifica-
tion efficiency and thus the detection level (Knoll et al.,
2002). The sensitivity of the procedure can be increased
by the use of primers targeting multi-copy regions of
rDNA. Several PCR diagnostic protocols for Fusarium
species have been developed on the basis of ITS2 (Kulik
et al., 2004), 28S (Edel et al., 2000) and IGS rDNA (Ju-
rado et al., 2005). The detection level of primers target-
ing rDNA sequences has been estimated as 1 to 10 pg of

template (Bluhm et al., 2002; Jurado et al., 2005). De-
spite the extremely high sensitivity, rDNA-based mark-
ers have encountered problems with specificity, which is
caused by the existence of different ITS2 types within
the target species. As shown in this study, the specific
primer FspITS2K can only detect F. sporotrichioides be-
longing to the FsI ITS genotype and is not specific for
isolates with the FsII genotype present in F. sporotri-
chioides/F. langsethiae group of species. 

rDNA sequences are not appropriate for designing di-
agnostic assays for some Fusarium species. For example,
based on phylogenetic studies by O’Donnell et al. (2004),
rDNA sequences are not suitable for differentiating iso-
lates of the F. culmorum and F. graminearum. Our at-
tempts to generate species-specific PCR assays for F. cul-
morum and F. graminearum based on IGS rDNA were
not successful (unpublished results). In addition, difficul-
ties with developing a species-specific IGS rDNA-based
assay for F. tricinctum have been described (Kulik, 2008). 

The specificity of the PCR assay was evaluated on ge-
nomic DNA extracted from 27 Fusarium species, com-
prising 105 isolates (Table 1). Under the conditions de-
fined, primers produced expected amplicons from all
target templates, with one exception. The assay was
negative for the strain CBS 597.96 deposited in the fun-
gal collection as F. poae. The strain was identified by
morphological criteria as F. culmorum and confirmed
with primers Fc01f/r (Nicholson et al., 1998) specific
for F. culmorum (results not shown). No cross-reactivity
was observed with any non-target fungal species. Equal
amplification of all amplicons in one reaction (with the
mix of two target templates) was achieved by empirical
optimization of primer concentration (Table 2). 

The sensitivity of the duplex PCR assay was deter-
mined on 24 symptomless wheat seed samples naturally
contaminated with Fusarium spp. originating from north-
ern Poland (Table 3). The assay was compared with pre-
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Table 2. Primer sets used in the duplex PCR assay.

Target species
Primers 5’             3’(a)

Amount of
primer in 200
µl of
primermix

Duplex PCR
conditions

Product
size

F. poae

Poa1
CTT GGT AGG GGG GAC AGA CAC GC

Poa2
CCA TTC CAC GCT CGA CAG ACC TG

4 µl

4 µl
203 nt

F. sporotrichioides

FspITS2K
CTT GGT GTT GGG ATC TGT GTG CAA

P28SL
ACA AAT TAC AAC TCG GGC CCG AGA

8 µl

8 µl

94°C 5 min;
[94°C 10 sec,
68°C 10 sec,
72°C 40 sec] x 40;
72°C 3min

288 nt

(a)Mismatched nucleotides with closest relatives are in bold
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viously developed PCR assays based on single-copy
primers (Nicholson et al., 2004) Fp82F/R and FsporF1/
LanspoR, specific for F. poae and F. sporotrichioides, re-
spectively. Results from the duplex PCR assay showed
that all 24 samples were positive for the presence of F.
poae. For the previously developed PCR assays based on
single-copy primers Fp82F/R (performed in single PCR
reactions), F. poae was detected in 21 samples. The pres-
ence of F. poae in all samples was confirmed morphologi-
cally. A 288 nt product characteristic for F. sporotri-
chioides was generated in duplex PCR in 19 samples. In
contrast, only 7 samples were positive for F. sporotri-
chioides with primers FsporF1/LanspoR. Morphological
analysis revealed the presence of F. sporotrichioides in 16
samples. 

As shown in Table 3, there was high discrepancy be-
tween the assay based on single-copy primers
FsporF1/LanspoR and morphological analysis. Discrep-
ancies between duplex PCR results and morphological
analysis were noted in 5 samples only. This could have re-
sulted from different sampling techniques. Morphologi-
cal analysis were based on plating 200 seeds from each
sample, while DNA was extracted from 20 g of seeds
(500 kernels). Moreover, different parts of the same sam-
ple were analyzed in which the inoculum distribution
could have been different. In addition, difficulties of
morphological identification of F. sporotrichioides, espe-
cially from mixed fungal cultures, may have affected the
results. The PCR method is considered to be the most
sensitive diagnostic technique, and extremely low
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Table 3. Results of PCR assays and morphological analysis of wheat seed samples for the presence of F.
poae and F. sporotrichioides.

F . poae F. sporotrichioidesResearch Center for
Cultivar Testing and
seed sample no. Duplex/single-

copy primers PCR

Number of isolates
obtained in culture-
plating analysis

Duplex/single-
copy primers PCR

Number of isolates
obtained in culture-
plating analysis

Bialogard
1 +/+ 21 +/+ 2
2 +/+ 10 -/- 1
3 +/+ 8 +/+ 4
4 +/+ 15 -/- -
Karzniczka
5 +/- 3 +/- 1
6 +/+ 5 -/- -
7 +/- 10 +/- 1
8 +/+ 4 -/- -
Chrzastowo
9 +/+ 6 +/- 1
10 +/+ 9 +/- 1
11 +/+ 7 +/- 1
12 +/+ 6 -/- -
Radostowo
13 +/+ 12 +/- 4
14 +/+ 6 +/+ 1
15 +/+ 17 +/- 1
16 +/+ 30 +/+ 3
Ruska Wies
17 +/- 15 +/- 1
18 +/+ 14 +/- 1
19 +/+ 17 +/- 2
20 +/+ 27 +/+ -
Wrocikowo
21 +/+ 2 +/+ -
22 +/+ 7 +/- -
23 +/+ 9 +/- -
24 +/+ 14 +/+ 1

(+)  - positive result ; (-) - negative result
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amounts of inoculum of the target pathogen in the sam-
ple analyzed could have resulted in a positive signal. The
ability to use two primer pairs in one reaction enabled
the detection of two target species simultaneously. The
use of such a protocol can reduce the time and cost of
analysis. It should be valuable in mycological studies,
plant breeding programs and in industrial quality control. 
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