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The study was carried out to characterize Fusarium isolates associated with crown rot and head
blight on wheat by morphological and molecular techniques. The molecular characterization
was achieved through sequencing translation elongation factor-1 alpha gene (αTEF gene) and
RNA polymerase II gene (RPB2) and confirm by GenBank database BLAST. Result showed
that among 21 pathogenic isolates obtained, 4 isolate were Fusarium proliferatum, 15 of F.
verticelloides, one of each of F. solani and F. culmorum. It was found that all the isolates
exhibited symptoms of crown rot disease on wheat seedling ranging from faint lesion on sheath
outer sheath leaves to severe necrosis on all sheath leaves. The more severe isolate was of F.
culmorumwith severity index 0.7. While the others showed disease index ranging from 0.2 to
0.4. Six of 21 isolates only showed Head blight on spike, 2 of F. proliferatum, three of F.
verticelloides with infection area of 5, 6, 6, 6, 6% and the more severe one of F. culmorum with
infection area 100% respectively. ELISA test revealed that all 21 isolate of Fusarium produced
DON toxin on wheat straw at concentration between 0.5-1.9 mg/Kg. The higher DON toxin
producer was of F. culmorum at 3.8 mg/kg.
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Introduction
Crown rot on wheat caused by Fusarium culmorum and F.
pseudograminearum, is of global significance disease and becoming epidemics
in recent years in Europe, USA, Canada, China and South America causing
heavy losses in yield and grain quality (McMullen et al., 1997; Goswami and
Kistler, 2004). Crown rot is considered as the second most economically
devastating disease on wheat in Australia, where it is chronic, covering most of
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wheat cultivation area and causing annual losses up to $ 56 Australian million
dollars (Brennan and Murray, 1998). It was reported that the can reach to 89%
in individual crops (Klein et al., 1985). Two billion $US in wheat production
were lost in the last decade in USA by this disease (Dubin et al., 1997), and 20
-100% losses occurred during 1999 and 2000 in New south Wales (Manning et
al., 2000).
The Fusarium spp predominantly found associated with Fusarium head
blight (FHB) in wheat and other small-grain cereals in Europe are F.
graminearum, F. avenaceum and F. culmorum (Bottalico and Giancarlo, 2002).
It has been reported also that F. verticillioides and F. proliferatum, the most
common fungi associated with maize had the ability to attack wheat seedling
and caused crown and root rot disease with the capacity to produce fumonisins
toxin (Chulze et al., 1996; Al-Mousa, 2006).
The most characteristic symptoms of crown rot on wheat appeared at the
base of plants (crown, lower leaf sheath and tillers) at maturity as brown
discoloration and under moist condition sporodochia are formed on infected
tissue as pink patches. These symptoms are associated with stunting, reduced
tellering and empty heads. Head blight affects flowering spike giving bleached
appearance of the spike.
Several previous studies reported that these fungi produce DON toxin in
susceptible varieties of wheat (Ansari et al., 2007; Lemmens et al., 2005;
Menke-Milczarek and Zimny, 1991). This mycotoxin was found to facilitate the
development of Fusarium head blight and crown rot disease (Walter and
Doohan, 2011). In addition DON toxin reported to cause damage in cell
membrane through released Na and K ions (Cossette and Miller, 1995). DON
mycotoxin was found to inhibit seed germination, root and shoot growth,
protein and callus formation (Ansari et al., 2007; Lemmens et al., 2005; Rocha
et al., 2005; Miller and Ewen, 1997).
Symptoms of stunting, browning at the base of wheat plant, reduction in
tillers number associated with spike bleaching suspected to be of crown rot and
head blight in wheat fields were observed. The study was conducted to
characterizes the causal agents of these symptoms at molecular level and testing
their capacity to produce mycotoxin.
Materials and methods
Sample collection and Fusarium spp isolation
Samples of wheat and corn plants showing symptom characteristic of
Fusarium infection and of corn grains were collected from 5 different locations
in Iraq in 2007-2008 and 2008-2009 seasons. Root and stem pieces (1-2 cm)
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and corn grains were surface sterilized with 1% sodium hypochloride and
placed on potato dextrose agar (PDA) in petri plates of 9 cm dim (4
pieces/plate). The plates were incubated at 25±2º C for 5 day, and the Fusarium
spp were morphologically identified and purified by single spore technique for
molecular identification.
Pathogenicity test
The pathogenicity of Fusarium isolates were tested for crown rot (CR)
and head blight (HB) disease on wheat seedlings under greenhouse conditions.
Disc of 1cm dim from 10 days old Fusarium culture on PDA were mixed with
sterile soil and peat moss (1:1 v:v) in pots of 5×10 cm (3 discs/pots). The pots
were covered with polyethylene bags for 2 days. The pots were sown with
surface sterilized wheat seeds and watering with distilled water. Three seedling
were let grown in each pots and crown rot was assessed after 35 days. The
proportion of stem discoloration to seedling height and the number of leaf
sheath layers showing necrosis were determined and disease severity was
calculated according to the equation:
Crown rot severity index = (length of stem discoloration/seedling height)
× (number of leaf sheath layers with necrosis)
For FHB pathogenicity, three wheat seedling in pots, after spike
formation, were sprayed with Fusarium spore suspension, (prepared by adding
100 ml distilled water to 7 day old Fusarium culture on PDA) (0.5 ml/spike).
The treated spikes were covered with polyethylene bags and the disease
symptoms were evaluated after 7-10 days. The disease severity was recorded as
percentage of infected spike. The Fusarium spp isolates showing high
aggressiveness for FHB and CR were maintained on sterilized sand for
molecular identification. The molecular identification protocols were carried
out in CSIRO, Plant Industry, Queensland –Brisbane.
DNA Extraction
Twenty-one isolates that given high aggressiveness were choosen. The
Fusarium isolates were grown in quarantine room on PDA media for 5 days at
25 ± 2ºC. The mycelium from each isolate was collected in eppendrofe tube.
The mycelium was lyophilized (freeze-dry) in 2 ml screw cryo-tubes with holes
in the caps, then 5mm ball bearing was added to each tube, and the lids were
replaced with new one. The tube was shaken in retsch MM300 shaker at
frequency of 25 for 3 min, and centrifuged at 3000 rpm in microcentrifuge for 3
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min. Two hundred μL of extraction buffer I (20 mL 1M Tris, 5mL NaCl, 5mL
0.5M EDTA, 70mL MilliQ water) was added to each tube, mixed by vortex
mixer, and centrifuged at 2000 rpm for 2 min . Ninety μL of supernatant was
added to 10 μL of extraction buffer II (5% sodium dodecy sulphate (SDS) in
MilliQ water) and mixed by pipetting up and down. The tubes were incubated
at 65 °C for 1 hour with tapping to mix after each 30 min of incubation, and
centrifuged at 3500 rpm for 10 min. Forty μL of supernatant was added to 100
μL of absolute ethanol, and centrifuged at 2000 rpm for 10 min. The DNA
precipitate was air dried, and dissolved with 100 μLMilliQ water at 4 °C
overnight. The tubes were centrifuged at 2000 rpm for 5 min and the
supernatant was kept at 4 °C for PCR protocol.
The DNA cleaned up using UltraCleanTMGelspinTM purification kit from
Mo Bio Laboratories Inc. Gel-Bind was added to DNA solution, mix well, and
the mixture was passed through spin filter by centrifugation at 10000 xg for 10
seconds. The filtrate discarded, 300 µl of Gel-Wash buffers was added to filter
and centrifuged at 10000 xg for 10 sec. The last step was repeated and the filter
was carefully transferred to 2 ml clean tube. Fifty µl of elution buffer was
added directly onto the center of the filter and centrifuged at 10000 xg for 30
sec. The filtrate containing DNA is ready to use for PCR protocol.
PCR Assays
The concentration of DNA was measured by spectrophotometer model
ND-1000 Nano Drop and adjusted to 5 ng/µl. PCR was carried out using
translation elongation factor-1 alpha gene (αTEF gene) EF1
5،
GTGGGGCATTTACCCCGCC3،, EF2 5،ACGAACCCTTACCCACCTC 3،
(O’Donnell et al., 2000), and RNA polymerase II gene (RPB2) 7cR (5_CCCATRGCTTGYTTRCCCAT) and the primers 7cF (5_-ATGGG YAARC
AAGCYATGGG). PCR reaction mixture for TEF gene consisted of 12.8 µl
milliQ H2O, 2.5 µl 10x buffer, 2.5 µl MgCl2, 0.5 µl dNTP mix(10mM each),
0.8 µl forward primer EF1 (10mM), 0.8 µl reveres primer EF2 (10mM), 0.1 µl
Taq (Biotech) and 5 µl DNA sample. All preparation work was in ice bath.
Cycling parameter was initial denaturation of 95 °C for 75 s, denaturation 95
°
C for 15 s , annealing 53 °C for 30 s, pimer extension 72 °C for 30 s (38
cycles), final extension 72 °C for 30 s and hold at 10 °C.
The mixture for RPB2 reaction consisted of 13.6 µl milliQ H2O, 2.5 µl
10x buffer, 2.5 µl MgCl2 , 0.5 µl dNTP mix(10mM each), 0.4 µl forward primer
5F2 (10mM), 0.4 µl reveres primer 7CR (10mM), 0.1 µl Taq (Biotech) and 5 µl
DNA sample. Cycling parameter was initial denaturation 94 °C for 90 sec,
denaturation 94 °C for 30 sec, annealing 55 °C for 90 sec, pimer extension = 68
°
C for 2 min (40 cycles), final extension= 68 °C for 5 min and hold at 10 °C.
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The reaction was carried out by Gene Amp PCR System 9700, AB
Biosystems.
Preparation of Agarose gel 1.5 %
The PCR product was analyzed by electrophoresis in 1.5% agrarose gel
prepared in ATM buffer 1X which 57.1 ml glacial acetic acid, 242g Tris base,
200 ml of 0.5 M EDTA pH 8.0 in 1L MilliQ water (50X ATE) and placed in
microwave in mid-high for 4 min. Ten µl of red gel stain was added to gel at 45
°
C and poured in gel container after inserting the comb. The gel was maintained
20 min at room temperature for solidification.
Sequencing of PCR products
The PCR reactions were cleaned up by using UltraCleanTM PCR CleanUp Kit from MO BIO Laboratories, Inc. this kit designed to purify PCR
products directly from a PCR reaction. Five volumes of SpinBind were added
to the PCR reaction and mix well. The PCR/SpinBind mixture was transferred
to a spin filter unit, and centrifuged at 13,000 rpm for 10-30 seconds. The liquid
was discarded and spin filter was maintained in the same tube. Three hundred
µl of SpinClean buffer was added to the filter and the mixture was centrifuged
at 10,000 xg for 10-30 seconds. The process was repeated and the Spin filter
was transferred into a clean 2 ml tubes. Fifty µl of Elution Buffer (10 mMTris)
solution or sterile water was added directly onto the center of the white spin
filter. The mixture was centrifuged at 10,000 xg for 30-60 seconds. The spin
filter basket was removed out and DNA in the filtrate was stored at -20°C for
sequencing reaction.
Translation elongation factor-1 alpha gene (αTEF gene) and RNA
polymerase II gene (RPB2) were sequenced for Iraqi isolates. The DNA
concentration was measured by spectrophotometer model ND-1000 Nano Drop.
The reaction mix was prepared by adding 13 µl MilliQ H2O, 3.5 µl 5X buffer,
0.5 µl primer EF1 or EF2 (prepared separately), 1.0 µl BDT and 2 µl DNA
samples. Cycling parameter were 96 °C for 2 min 1 cycle, (96 °C for 10 secs,
50°C for 5 sec, 60°C for 4 mins) 30 cycles and final 4°C hold. PCR product was
cleaned up using Agencourt CleanSEQ kit, Agencourt Bioscience Corporation.
Sixty two µl of 85% ethanol was to PCR product, mix well by pipetting for 7
times in cleaning PCR plate. The pleat was place on SPRIPlate 96R for 3 min
to separate beads. The clear phase was discarded and 100 µl of 85% ethanol
was added and let for 30 sec at room temperature. The ethanol was aspirated
out and the pleat air dried for 10 min at room temperature. Forty µl MilliQ
water was added to the pleat and maintained at room temperature for 5 min.
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The pleat was placed on SPRIPlate 96R for 3 min to separate beads. The clear
phase was transferred into new clean plate for loading on the detector and send
to sequencing.
DON toxin production
Ten gram of sterile wheat straw in 9 cm dim Petri dish was inoculated
with a disc of 1 cm dim of 7 days Fusarium isolate culture on PDA media, 3
Petri dishes for each isolate, and incubated in 25 ±2 ºC for 21 days. The
cultures were dried and grounded using coffee grinder. The powder was
conserved at 4°C.
DON toxin Extraction and detection
DON toxin was extracted by using Accelerator Solvent Machine
ACE200. One gram of each samples powder was extracted with 15 ml of
Acetonitril:water 85:15. Five hundred µl of each extract was dried under
nitrogen flow in plastic tubes. Fifty five µl of milliQ water was added to each
tube and vortex for few seconds each. The toxin was detected in samples by
Beacon Deoxynivalenol ELISA kit Analytical Systems Inc.
Results and discussions
Identificatin of Fusarium spp
Twenty one of 93 isolates of Fusarium spp isolated from the different
locations of infected wheat plants and corn grains were found highly
pathogenic. The isolates were firstly identified based on morphological
characteristics and then confirmed by PCR analysis using Translation
elongation factor-1 alpha gene (αTEF gene) and RNA polymerase II gene
(RPB2) and sequencing the reaction product (Fig 1 and 2). The result of
morphological examination together with DNA sequencing according to
GenBank database BLAST searching using individual sequences confirmed the
identity of all isolates and that belong to Fusarium spp Table 1 and Fig 1.
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Tabl 1. Source and site of isolation for Fusarium spp isolates in Iraq
Isolate
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
M

1

2

Species

Source of isolate

Place of isolate

Fusarium proliferatum
F. proliferatum
F. verticelloides
F. proliferatum
F. verticelloides
F. verticilloides
F. verticelloides
F. verticelloides
F. proliferatum
F. verticilloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F.solani
F. verticelloides
F. verticelloides
F. culmorum

Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize – crown
Maize seed
Maize seed
Maize seed
Maize seed
Maize seed
Maize seed
Wheat – crown

Baghdad
Baghdad
Baghdad
Baghdad
Baghdad
Baghdad
Baghdad
Baghdad
Baghdad
Al-Anbar
Al-Anbar
Al-Anbar
Al-Anbar
Al-Anbar
Baghdad
Baghdad
Baghdad
Baghdad
Baghdad
Babylon
Baghdad

3

4

5

6

7

8

9

11

12

13

14

15

16

17

18

19

20

1683

21

1
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2

3

4

5

6
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7

9

11

8

10

12

1685

13

1686

14

15

16

17

18
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19

20

21

Fig. 1. DNA sequencing for Fusarium isolates for translation elongation factor-1 alpha gene
(αTEF gene) and RNA polymerase II gene (RPB2) regent products. 1,2,3 …..21 the sequencing
of Fusarium isolates as Table 1.

Fig. 2.Agarose gel 1.5% photograph showing PCR amplified products for A- α-TEF gene BRPB2 for Fusarium spp isolates, the product prepared for sequencing test. 1, 2, 3…..21= the
Fusarium spp isolates , M= marker.
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Aggressiveness of Fusarium isolates for CR
The pathogenic isolates showed various symptoms of CR on wheat
seedlings ranged from faint lesions on outer sheath to intense brown necrosis on
all sheath leaves. The more pathogenic isolate with 0.7 severity index was
found belong to F. culmorum. Most isolates were belonged to F.
verticelloidesand shown similar symptoms of CR on wheat seedling with
severity index ranging from 0.4-0.5. One isolate of F. verticelloides No.10 was
gave 0.2 disease severity. Four isolates of F. proliferatum shown CR symptoms
with disease index 0.3-0.4 Table 2.One isolate of F. solani shown CR
symptoms with disease severity of 0.4. Several previous studies reported that F.
verticelloides, F. solani and F. proliferatum caused CR disease and root rot on
wheat seedling (Al-Mousa, 2006; Bottalico and Giancarlo, 2002). Result
showed that all the 21 isolates of Fusarium in this study produced DON toxin
on wheat straw with concentration ranged between 0.5 - 3.8 mg/kg. A
relationship was found between the quantity of toxin produced and the
aggressiveness of Fusarium isolates. It was reported that the isolates of high
production of DON caused more severe disease symptoms of CR disease
(Bottalico and Giancarlo, 2002; Bakan et al., 2012).
Aggressiveness of Fusarium spp for FHB
Two isolates of F. proliferatum and four F. verticelloides from 21 isolate
obtained showed FHB symptoms with disease incidence 33.3, 66.6% for F.
proliferatum and 66.6, 66.6, 66.6 and 66.6% for F. verticelloides respectively.
Variation of aggressiveness between isolates was observed. Three isolates of F.
verticelloides showed FHB symptoms on wheat spike with infection area of 6.6
and 6% respectively .Two isolate of F. proliferatum showed symptoms with
infected area of 5 and 6%. The most aggressive isolate was of that belong to F.
culmorum which gave higher percentage of disease area (100%) on spike Table
2. A previous study reported that F. culmorum strains is very aggressive in
causing CR or FHB disease on wheat through producing high-deoxynivalenol
(Bakan et al., 2012). This toxin was considered as fungal virulence factor that
facilitates the development of Fusarium head blight (FHB) disease (Walter and
Doohan, 2011). Another study shown that treated Durum wheat grain with
more than 5 µg/ml DON toxin can caused deletion in DNA sequencing and
abnormal chromosomal during meiotic division (Mohammad and Fadl-Allah,
2008).
In this study we demonstrated that several species of Fusarium were
associated with CR anf HB disease on wheat plants. Certain of these species
were highly pathogenic and caused severe symptoms on wheat seedlings as
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well as had capacity to produce high concentration of DON mycotoxin on
wheat straw. The capacity of the isolate to produce DON toxin may be
responsible of disease symptoms development. These results indicated the
necessity of searching of means to protect wheat plants against Fusarium spp
and reduced the production of DON in the plants.
Table 2. Aggressiveness and disease incidence of Fusarium spp testing for CR
and FHB assay on seedling wheat
CR

Isolate
No.

Species

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

F. proliferatum
F. proliferatum
F. verticelloides
F. proliferatum
F. verticelloides
F. verticilloides
F. verticelloides
F. verticelloides
F. proliferatum
F. verticilloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F. verticelloides
F.solani
F. verticelloides
F. verticelloides

Disease
incidence
%
100
100
100
100
100
100
100
100
100
33.3
100
100
100
100
100
100
100
100
100
100

21

F. culmorum

100

DON
toxin
µg/g

0.3
0.4
0.4
0.5
0.4
0.4
0.4
0.4
0.5
0.2
0.5
0.4
0.5
0.5
0.4
0.5
0.4
0.4
0.5
0.4

FHB
Disease
Infected
incidence
spike %
%
33.3
5
0
0
0
0
0
0
0
0
0
0
66.6
6
66.6
6
66.6
6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
66.6
6

0.7

100

3.87

Aggressive
ness index

100

0.81
1.91
1.35
0.89
0.78
1.57
0.76
0.83
1.33
0.85
0.95
0.70
1.02
0.74
0.59
1.40
1.07
0.62
0.82
0.55
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