
Introduction

Fusarium species are common necrotrophic
pathogens of small grain cereals in most European
countries. Three species: F. avenaceum (Corda ex
Fries) Sacc., F. culmorum (W.G. Smith) Sacc. and
F. graminearum Schwabe have been considered
as the most important in Poland and other coun-
tries of central Europe, while several other species
are considered less important (Wakuliñski and
Che³kowski 1993; Bai and Shaner 1994; Parry et
al. 1995; Che³kowski 1998; Arseniuk et al. 1999;
Bottalico and Perrone 2002). Fusarium head
blight (FHB) results in the contamination of cereal
grain with mycotoxins, mostly deoxynivalenol
(DON) and its derivatives (Miller and Young
1985; Langseth and Elen 1996; McMullen et al.
1997; Jones and Mirocha 1999). The identification
of DON and zearalenone in scabby wheat grain in
Japan and the United States after epidemics in
1980–1982 resulted in increased interest in
Fusarium pathogens of wheat and other cereals

(Parry et al. 1995; Bottalico 1998; Bottalico and
Perrone 2002).

In northern Europe (England, the Netherlands,
Norway, Finland, northern Germany and northern
Poland), F. culmorum prevailed until the end of
year 2000, while the frequency of F. graminearum
remained low. An increase in the frequency of
F. graminearum among Fusarium spp. in wheat
was found in Austria, in the mid-1980s (Adler
et al. 2002). In the Netherlands and in Poland, a
similar increase of F. graminearum and decrease
of F. culmorum was found (Snijders and
Perkowski 1990; Tomczak et al. 2002; Waalwijk
et al. 2003, 2004). The profiles of the mycotoxins
produced by these two species were found to be
similar both under laboratory and field conditions,
with DON (the prevailing chemotype), nivalenol
(NIV) and zearalenone being most important, and
15Ac-DON and 3Ac-DON as DON precursors
(Bottalico and Perrone 2002; Quarta et al. 2005).
Scab epidemics were recorded in Poland in 1974
and 1999, and since then the incidence of the dis-
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eases in small grain cereals has been rather limited
(Wakuliñski and Che³kowski 1993; Che³kowski
1998; Tomczak et al. 2002).

Detection assays based on the polymerase

chain reaction (PCR) using primers designed from

sequence-characterized amplified regions

(SCARs) have been developed to identify several

Fusarium species, in particular, those producing

trichothecenes and zearalenone (Leslie and

Summerell 2006). These permit individual species

to be distinguished in culture and in cereal field

samples (Schilling et al. 1996; Doohan et al. 1999;

Nicholson et al. 1998; Aoki and O’Donnell 1999;

Che³kowski et al. 1999; Che³kowski and

Witkowska 1999; Waalwijk et al. 2003; Nicholson

et al. 2003).

Three chemotypes are important within

F. culmorum and F. graminearum: the NIV

chemotype, the 3Ac-DON and 15Ac-DON

chemotypes (Chandler et al. 2003; Quarta et al.

2005, 2006). They can be quantified by chemical

analyses of toxin production under laboratory con-

ditions (Che³kowski et al. 1999). F. cerealis iso-

lates produce NIV and fusarenone X, both in

culture and in planta. NIV is most toxic and the re-

maining metabolites exhibit lower toxicity to ex-

perimental animals (LD50 to rat: DON–70

mg kg–1, NIV–4 mg kg–1, 3Ac-DON–49 mg kg–1,

15Ac-DON–113 mg kg–1).

Novel initiatives dedicated to sequence the

F. graminearum genome (http://www.broad.mit.edu)

have been recently coupled with a construction of a

comprehensive online resource, the Munich Informa-

tion Center for Protein Seqences Fusarium

graminearum Genome Database (Guldener et al.

2006). As a result, annotated genomic sequences

are increasingly available for in silico analysis and

marker design and presently include circa 13,700

genes (http://mips.gsf.de/genre/proj/fusarium).

Detailed studies of the gene cluster involved in

trichothecene synthesis have already allowed re-

searchers to describe a number of Tri cluster genes

involved in mycotoxin biosynthesis: two regula-

tory genes, seven pathway genes and one trans-

porter gene (Kimura et al. 2007). Chemotypes of

Fusarium are genetically distinct populations of

the same species, often occurring together in one

locality. However, the differences between

chemotypes do not correlate well with evolution-

ary trees reconstructed using sequences from the

main trichothecene cluster (Ward et al. 2002).

Specific markers were designed to identify gene

Tri5, coding trichodiene synthase, a crucial en-

zyme for DON biosynthesis, as well as DON,

3Ac-DON, 15Ac-DON and NIV chemotypes im-

portant within the species F. graminearum and

F. culmorum (Bakan et al. 2002; Chandler et al.

2003; Nicholson et al. 2003; Jennings et al. 2004;

Quarta et al. 2005, 2006). Edwards and coworkers

(2001) found that the amount of Tri5 sequence

was a better predictor of DON contamination than

the FDK index (Fusarium damaged kernels), used

for many years. Global molecular surveillance of

Fusarium species producing trichothecenes and

infecting wheat and maize and their chemotypes is

now available (O’Donnell et al. 2000). To date,

nine distinct lineages with long reproductive isola-

tion have been identified within the F. graminearum

clade on the basis of multiple gene genealogies. New

names have been proposed for species within this

clade (O’Donnell et al. 2004).

The aim of this study was to identify the

chemotypes of toxigenic Fusarium species in-

volved in wheat scab in Poland using molecular

markers, both in culture and DNA extracts from

sporodochia and to evaluate species’ frequencies

in relation to previous years.

Materials and methods

Scabby wheat head samples and Fusarium

isolate identification

Wheat heads with visible infection symptoms

were collected shortly before harvest and trans-

ported to the laboratory in paper bags. In July 2005

and 2006, samples were collected from the

Modzurów Plant Breeding Station (southern Po-

land, near the Czech Republic border), where high

incidence of wheat scab was observed. In central

Poland, FHB on wheat was not present in those

seasons.
Until 2006 season, Fusarium species were

identified in isolates that produced macroconidia
in vitro. Scabby kernels were plated on small nu-
trient agar (SNA) medium in Petri dishes and cul-
tures were identified using an optical microscope
(Olympus, USA) at 400–500x magnification ac-
cording to the manuals of Nirenberg (1981), Nel-
son et al. (1983) and Kwaœna et al. (1991). Mycelia
of isolates growing on potato dextrose agar (PDA)
were used for DNA isolation. In samples collected
in 2006, Fusarium species were identified in
conidial suspensions from sporodochia, which
were also used for DNA isolation. Isolates of
Fusarium species from wheat heads were depos-
ited in the collection of the Institute of Plant Ge-
netics, Polish Academy of Sciences, Poznañ,
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Poland, the collection of the Institute of Sciences
of Food Production, CNR, Bari, Italy, American
Type Culture Collection (Rockville, Maryland,
USA), NRRL (Northern Regional Research Labo-
ratory, US Department of Agriculture, Peoria, IL,
USA), Fusarium Research Center (University of
Pennsylvania, PA, USA), Central Science Labora-
tory collection (York, United Kingdom) and the
IPO collection (Eindhoven, the Netherlands).

DNA extraction

DNA was extracted using a modified CTAB

(Hexadecyltrimethylammonium bromide) method

(according to Doohan et al. 1998): after grinding

the material with a pestle, 500 ìL of CTAB buffer

with 0.4% of 2-mercaptoethanol were added, fol-

lowed by the addition of 50 ìL of chloro-

form-octanol mixture (24:1). The samples were

then incubated in water bath at 65°C for 25 min.

After addition of 50 ìL of chloroform-octanol

mixture, samples were mixed and left at room

temperature for 10 min and then centrifuged for 10

min at 11,000 rpm. The aqueous upper phase was

transferred to a new ‘Eppendorf’ tube, and DNA

precipitated with ice-cold ethanol (96%) at –20°C

for 20 min. The precipitate was centrifuged at

11,000 rpm for 10 min, supernatant removed, and

DNA was washed carefully with cold ethanol

(70%) and again centrifuged for 5 min at 11,000

rpm. DNA was dried and redissolved in 100 ìL of

TE buffer (pH 8.0). The extracts were stored at

–20°C.

PCR amplification

Each sample contained 0.5 units of Taq DNA
polymerase (Finnzymes, Espoo, Finnland), 2.5 ìL
of PCR buffer, 12.5 pmol of forward/reverse prim-
ers, 2.5 mM of each dNTP and about 10 ng of fun-
gal DNA. PCR conditions were as follows: 94°C
for 3 min., 35 cycles of (94°C for 1 min., 55°C
(F. cerealis) or 62°C (F. culmorum and
F. graminearum) for 1 min., 72°C for 1 min.) and
final extension at 72°C for 5 min. Amplification
products were electrophoresed in 1.5% agarose
gels (Invitrogen, Paisley, UK) with ethidium bro-
mide at 70 V for about 2 h and photographed under
UV light (Syngen visualiser, Wroc³aw, Poland).
The following markers specific for Fusarium spe-
cies were examined: Fc01 marker (570 bp) to
identify F. culmorum, UBC85 (332 bp) and
Fg16N (280 bp) specific for F. graminearum and
CroA (842 bp) marker to identify F. cerealis
(=crookwellense) species (Schilling et al. 1996;
Nicholson et al. 1998; Yoder and Christianson

1998). To identify the 3Ac-DON, 15Ac-DON and
NIV chemotypes, Tri5 (658 bp), Tri3 (708 and 354
bp) and Tri7 (625 bp) markers were used, respec-
tively (Niessen and Vogel 1998; Quarta et al.
2005).

Results and discussion

Determining the Fusarium species present in

sporodochia with abundant macroconidia on the

chaff surface is a reliable and fast procedure, use-

ful for species identification in high number of

samples. However, PCR assay has proven very

useful and sensitive where sporodochia are absent

or in poorly developed (Schilling et al. 1996;

Nicholson et al. 1998; Yoder and Christianson

1998; Che³kowski et al. 2002; Nicholson et al.

2003; Quarta et al. 2006). Three Fusarium species

were identified by PCR assay among 57 isolates

originating from harvest seasons 1984 to 2005:

F. cerealis (7 isolates), F. culmorum (9 isolates)

and F. graminearum (41 isolates) (Table 1). Both

SCAR markers specific for F. graminearum con-

firmed the morphological species identification,

except for isolate KF 1414 for which only the

marker Fg16N (280 bp) was amplified. Markers

specific for F. cerealis and F. culmorum also con-

firmed morphological identification of the spe-

cies. The marker specific for F. graminearum was

also identified in two isolates of F. culmorum from

New Zealand (KF 2101 and 2102 – NIV produc-

ers). Both markers, specific for F. graminearum

were present in isolate KF 1157 (obtained from the

IMI collection as representative for F. cerealis), so

misidentification of this particular isolate is possi-

ble.

The ability of the isolates to produce

trichothecenes was evaluated using chemotype -spe-

cific PCR markers (Table 1). With respect to DON

producers, the 15Ac-DON chemotype was found

only in F. graminearum-containing samples and

3Ac-DON in F. culmorum-containing samples. The

NIV chemotype was identified in only three

F. culmorum isolates originating from the Nether-

lands and New Zealand, and also in five isolates of

F. graminearum from Italy, the United Kingdom

and Poland. The majority of F. graminearum iso-

lates displayed the 15Ac-DON chemotype,

whereas the 3Ac-DON chemotype prevailed over

the 15Ac-DON among F. culmorum isolates. Sim-

ilar results were obtained by Quarta and coworkers

(2005), who found 3Ac-DON to be the most fre-

quent chemotype among 30 F. culmorum isolates
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Table 1. Identification of F. cerealis, F. culmorum and F. graminearum species and their chemotypes by PCR

assay using isolates collected between 1984 and 2005

Accession
Number

Origin Species
(microscopic
identification)

Presence of SCAR markers specific for

F. gr.1) F. gr.2) F. cul.1) F. cer.3) 15Ac-DON4) 3Ac-DON4) NIV4) Tri55)

280 bp 332 bp 570 bp 842 bp 708 bp 354 bp
625
bp

658
bp

1 2 3 4 5 6 7 8 9 10 11

KF 205 Wheat, PL F. cerealis – – – + – – – –

KF 804 Wheat, PL F. cerealis – – – + – – + –

KF 852 Wheat, PL F. cerealis – – – + – – + –

KF 1141 Wheat, PL F. cerealis – – – + – – + –

KF 1157 Wheat, PL F. cerealis + – – + – – + –

KF 1160 Wheat, PL F. cerealis – – – + – – + –

KF 1161 Wheat, PL F. cerealis – – – + – – + –

KF 350
(ITEM 6249,
IPO-348.01)

Wheat, NL F. culmorum – – + – – – + –

KF 817 Wheat, PL F. culmorum – – + – – + – +

KF 846 Wheat, PL F. culmorum – – + – – – – –

KF 896 Rye, PL F. culmorum – – + – – + – +

KF 1143 Wheat, PL F. culmorum – – + – – – – +

KF 2101 NZ F. culmorum + + + – – – + –

KF 2102 NZ F. culmorum – + + – – – + –

KF 2104 Wheat, UK** F. culmorum – – + – – + – +

KF 2106 Wheat, UK** F. culmorum – – + – – + – +

KF 210 Triticale, PL F. graminearum + + – – – – – +

KF 370
(ITEM 639)

Barley, IT F. graminearum + + – – – – + +

KF 371
(ITEM 641)

Maize, IT F. graminearum + + – – – – + +

KF 374
(ITEM 644)

Maize, IT F. graminearum + + – – + – – +

KF 375
(ITEM 646)

Wheat, IT F. graminearum + + – – + – – –

KF 381
(IMI 316497)

UK F. graminearum + + – – – – + –

KF 821 Wheat, PL F. graminearum + + – – – – – +

KF 844 Wheat, PL F. graminearum + + – – – – – –

KF 872 Rye, PL F. graminearum + + – – + – – –

KF 1413 Maize, PL F. graminearum + + – – – – – –

KF 1414 Maize, PL F. graminearum + – – – + – – +

KF 1417 Maize, PL F. graminearum + + – – + – – +

KF 1419 Maize, PL F. graminearum + + – – + – – +

KF 1705 Maize, PL F. graminearum + + – – + – + –

KF 2702 Wheat, PL F. graminearum + + – – – – – –

KF 2703 Wheat, PL F. graminearum + + – – + – – –

KF 2704 Wheat, PL F. graminearum + + – – + – – +

KF 2705 Wheat, PL F. graminearum + + – – + – – –

KF 2706 Wheat, PL F. graminearum + + – – + – – –

KF 2707 Wheat, PL F. graminearum + + – – + – – +

KF 2708 Wheat, PL F. graminearum + + – – + – – +

KF 2717 Wheat, PL F. graminearum + + – – – – – +

KF 2791* Wheat, PL F. graminearum + + – – + – – +

KF 2854* Wheat, PL F. graminearum + + – – + – – +

KF 2856* Wheat, PL F. graminearum + + – – + – – –

KF 2860* Wheat, PL F. graminearum + + – – + – – +

KF 2861* Wheat, PL F. graminearum + + – – + – – –

KF 2862* Wheat, PL F. graminearum + + – – + – – –

KF 2863* Wheat, PL F. graminearum + + – – + – – +



from Poland, deposited in ITEM collection (Insti-

tute of Toxins and Mycotoxins from Plant Para-

sites, Bari, Italy: http://www.item.ba.cnr.it/)

Fusarium culmorum and F. graminearum were

identified using PCR markers in 36 DNA extracts

from sporodochia on wheat heads. F. graminearum

was identified in 23 samples and F. culmorum in 15

samples. Both species were present in two samples

(Table 2, Figures 1 and 2). Marker for F. cerealis

was not present in any of the samples. The results

were consistent with microscopic observations of

macroconidial architecture. It was also possible to

distinguish 3Ac-DON and 15Ac-DON chemo-

types (Table 2). In samples where F. graminearum

was identified, genotypes that potentially display

the 15Ac-DON chemotype (19 samples)

dominated over putative 3Ac-DON producers

(three samples). In contrast, samples with

F. culmorum present contained predominantly

3Ac-DON producers (13 out of 15 samples). The

NIV chemotype-specific marker was not identified

in any of the samples. This may suggest that local

variation in toxin production capabilities of pathogen

populations, as in some countries NIV-producing

isolates are found more frequently, than in others

(Quarta et al. 2005). Concerning the new taxonomy

of the F. graminearum clade proposed by

O’Donnell and coworkers (2004), the majority of

fungal isolates obtained in Europe (and also in the

United States) belong to lineage 7 (Gibberella

zeae = F. graminearum) and based on the partial

sequences of the H3 histone coding gene of se-

lected isolates, this observation holds true in the

case of our samples also (results not shown).
The Tri5 marker was not amplified from 4 DNA

extracts of 36 sporodochial samples and from 10
entries representing isolates of F. graminearum,
while species-specific markers were present (Ta-
bles 1 and 2). The marker was also not detected in
KF 846 (a DON and 3Ac-DON producing
F. culmorum isolate) and in 16 isolates of
F. graminearum. Niessen and Vogel (1998) designed
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Table 1 cont.

1 2 3 4 5 6 7 8 9 10 11

KF 2865* Wheat, PL F. graminearum + + – – + – – +

KF 2868* Wheat, PL F. graminearum + + – – + – – –

KF 2870* Wheat, PL F. graminearum + + – – + – – –

KF 2878* Wheat, PL F. graminearum + + – + + – + –

KF 2881* Wheat, PL F. graminearum + + – – – – – +

KF 2882* Wheat, PL F. graminearum + + – – + – – +

KF 2883* Wheat, PL F. graminearum + + – – + – – +

KF 2885* Wheat, PL F. graminearum + + – – + – – +

KF 2886* Wheat, PL F. graminearum + + – – + – – +

KF 2917* Wheat, PL F. graminearum + + – – + – – +

KF 2918* Wheat, PL F. graminearum + + – – + – – +

KF 2920* Wheat, PL F. graminearum + + – – + – – +

1) Nicholson et al. (1998); 2) Schilling et al. (1996); 3) Yoder and Christianson (1998); 4) Quarta et al. (2005); 5) Niessen and Vogel (1998); * iso-

lates from samples collected in Modzurów Breeding Station (southern Poland) in 2005 season; ** cultures from Central Science Laboratory,

United Kingdom

400 bp
500 bp

570 bp
500bp

Figure 2. Results of PCR assay with F. culmorum-specific (Fc01) primers (Nicholson et al. 1998) and genomic DNA

extracted from sporodochia from naturally infected wheat heads, collected in 2006 in Modzurów. In samples 33 and 34

also F. graminearum was present. As size standard, 100 bp ladder Plus (Fermentas) was used.

Figure 1. Results of PCR assay with F. graminearum-specific (Fg11) primers (Nicholson et al. 1998) and genomic DNA

extracted from sporodochia from naturally infected wheat heads, collected in 2006 in Modzurów. In samples 33 and 34

also F. culmorum was present. As size standard, 100 bp ladder Plus (Fermentas) was used.



this marker, using the sequence of the Tri5 gene from
F. sambucinum with the aim of detecting 17
trichothecene producing Fusarium species that include
F. culmorum, F.graminearum, F. sporotrichioides, and
F. poae. The Tri5 gene encodes trichodiene synthase,
an enzyme essential for the trichothecene ring syn-
thesis. Mapping of the primer sequences onto the
model of trichodiene synthase created via
homology modeling with MODELLER (Sali and

Blundell 1993) has shown that primer positions
correspond to alpha helices distant from the active
site. As a result, the positions in question can
change while still preserving the characteristic
fold and function of the coded protein. Thus, Tri5
gene sequence at primer annealing sites may be

less conserved that would explain the lack of the
marker fragment in isolates, which actually pro-
duce trichothecenes. In future efforts, Tri5 gene
markers based on the critical active site residues
are likely to prove more specific.

Since the 2000 season, levels of FHB have

been low with the exception of a locality in south-

ern Poland during 2005 and 2006, where our sam-

ples were collected. The species frequencies have

changed along with the climatic and agricultural

changes. F. graminearum frequency in Poland

have increased by about 5-fold (up to 53% in

2005) and the frequency of F. culmorum de-

creased, in comparison to the previous decade

(Tomczak et al. 2002). Similar changes in the fre-
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Table 2. PCR identification of F. culmorum and F. graminearum species and their chemotypes in sporodochia

from wheat heads collected in 2006 in Modzurów Breeding Station (southern Poland)

Sample
Number

Species (microscopic
identification)

Presence of SCAR marker specific for

F. gr.1) F. gr.2) F. cul.1) F. cer.3) 15Ac-DON4) 3Ac-DON4) NIV4) Tri55)

01 F. graminearum + + – – + – – +

02 F. graminearum + + – – + – – +

03 F. graminearum + + – – + – – +

04 F. graminearum + + – – + – – +

05 F. graminearum + + – – + – – +

06 F. graminearum + + – – – – – +

07 F. graminearum + + – – + – – +

08 F. graminearum + + – – + – – +

09 F. graminearum + + – – + – – +

10 F. graminearum + + – – + – – +

11 F. graminearum + + – – + + – +

12 F. graminearum + + – – – – – –

13 F. graminearum + + – – + – – +

14 F. graminearum + + – – – + – +

15 F. graminearum + + – – + – – +

16 F. graminearum + + – – + – – +

17 F. graminearum + + – – + – – –

18 F. graminearum + + – – + – – +

19 F. graminearum + + – – + – – –

20 F. graminearum + + – – + + – +

21 F. graminearum + + – – + – – +

22 F. culmorum – – + – + + – +

23 F. culmorum – – + – – + – +

24 F. culmorum – – + – – + – +

25 F. culmorum – – + – + + – +

26 F. culmorum – – + – – + – +

27 F. culmorum – – + – + – – +

28 F. culmorum – – + – – + – +

29 F. culmorum – – + – – + – +

30 F. culmorum – – + – – + – +

31 F. culmorum – – + – + + – +

32 F. culmorum – – + – – + – +

33 F. culmorum + + + – + – – –

34 F. culmorum + + + – + + – +

35 F. culmorum – – + – – + – +

36 F. culmorum – – + – – + – +

1)Nicholson et al. (1998); 2)Schilling et al. (1996); 3)Yoder and Christianson (1998); 4)Quarta et al. (2005); 5) Niessen and Vogel (1998)



quencies of both species were found in other Euro-

pean countries, such as Austria, Great Britain and

the Netherlands (Adler et al. 2002; Waalwijk et al.

2003, 2004; http://www.rothamsted.ac.uk). While

organic farming systems seem to be less condu-

cive to F. graminearum, wheat monoculture and

minimum tillage farming practices significantly

contributed to an increase in the occurrence of

F. graminearum (£ukanowski and Sadowski

2002). Similarly, growing maize in wheat-produc-

ing areas is known to result in an increase in wheat

scab, particularly caused by F. graminearum

(Miller 1994; Xu and Berrie 2005).

Until now, NIV-producing Fusarium isolates

have been found in Poland on spring barley

(Perkowski et al. 1997), but this is the first report

of a wheat-infecting F. graminearum isolate dis-

playing this chemotype in Poland (strains KF 1705

and KF 2878). Low levels of NIV (about 1/10 of

DON content) have been found in numerous

wheat grain samples collected and examined since

1985, in Poland (Che³kowski et al. 2002; Tomczak

et al. 2002). Fusarium poae has been identified in

cereal kernels for many years and this species

likely contributes to wheat grain contamination

with NIV (Che³kowski et al. 2002).

Conclusions

Identification of Fusarium species by PCR assay

is a reliable, sensitive and fast procedure. Among

samples and isolates of F. graminearum, the

15Ac-DON chemotype dominated, and among

those where F. culmorum was identified, the

3Ac-DON chemotype prevailed. Only 5 of the 41

F. graminearum isolates tested displayed the NIV

chemotype. An increase in the frequency of

F. graminearum and a decrease in the frequency

of F. culmorum were found during 1998 to 2006.
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