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Abstract

To identify fumonisin chemotype of Gibberella fujikuroi species complex (GFSC) 
isolated from barely, 75 barely samples were collected from different markets 
in Western Iran. Based on morphological characters, 40 Fusarium isolates were 
obtained from the grains and grouped into four species F. proliferatum (14) and F. 
subglutinans (3) as the two known GFSC members, F. graminearum senso lato (13), and 
F. equiseti (10). The identification of F. proliferatum and F. subglutinans isolates were 
confirmed molecularly using species-specific of PRO1/PRO2 and SUB1/SUB2 primers, 
respectively, which selectively amplified the partial calmodulin gene of rDNA. PCR-
based detection of a mycotoxin-synthesis-pathway gene was also used to determine 
the potential of the analyzed strains to produce fumonisin using FUM1 F/FUM1 R 
primers. Of 17 tested isolates, 8 isolates (47%) are fumonisin chemotype. To the best 
of our knowledge, this is the first report on molecular identification and mycotoxigenic 
capacity characterization of GFSC isolated from barely in Western Iran. 

INTRODUCTION
Fusarium contamination is a major problem in agriculture 

and the food industry which have involved human life for a long 
time. Fusarium species invade vast numbers of the economically 
important crops such as wheat, rice, maize and barley, and 
consequently result in significant economic losses [1,2]. Fusarium 
pathogens infect not only plants, but also their products and as a 
consequence may impress the downstream industries such as the 
food industry. In addition to destructive effects, some of Fusarium 
species secret mycotoxins on their substrates which is considered 
as an important factor for the evaluation of healthy of agricultural 
products and foods [2]. Mycotoxins are secondary metabolites 
of fungi with harmful effects on consumers, either human or 
other organisms. Fusarium species synthesize mycotoxins such 
as trichothecenes, fumonisins, moniliformin, beauvericin, and 
enniatins. Plus Fusarium, species belong to other genera such as 
Aspergillus, Penicillium, Alternaria and Claviceps are potentially 
able to produce important mycotoxins [3]. 

Gibberella fujikuroi species complex (GFSC) encompasses 

many important pathogenic fungi that their counterpart 
anamorphs are placed in Fusarium genus. There are at least 36 
described species in GFSC including important fusaria such as 
F. circinatum, F. fujikuroi, F. proliferatum, F. subglutinans and F. 
verticillioides [4]. Members of GFSC cause diseases such as pitch 
canker on Pines, Bakana on rice seedlings, Mango malformation 
disease, root rot of Soybean, and ear and stalk rot of maize [5-
7]. Secondary metabolites such as gibberellin, a plant hormone, 
are biosynthesized by some species of GFSC particularly F. 
fujikuroi [8]. Moreover, some of them are potential producers of 
mycotoxins such as fumonisins, moniliformin, and fusarin C [9-
11].

Fumonisins, as an important group of mycotoxins, are 
produced by species from GFSC and have extremely important 
impression on the agriculture and food industries. Fumonisns 
are accumulated in plants such as cereals and their consumption 
results in hazardous affects such as cancer and neural tube defects 
on animals and human [12-14]. Fumionisins consist of at least 16 
defined compounds including: B1, B2, B3, B4, A1, A2, A3, AK1, 
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C1, C3, C4, P1, P2, P3, PH1a and PH1b [15]. Mmolecular studies 
revealed that there is a gene cluster (FUM) with 15 genes, which 
is responsible for fumonisins production in GFSC. Expression 
pattern of these genes are related to fumonisin biosynthesis [16]. 

Barley is among three cereal crops (wheat, maize and barley) 
that the total yields of them are more than two-third of cereal 
production throughout the world [17]. In Iran, barley (Hordeum 
vulgare L.) is a strategic plant that the under culture area of this 
crop in Kermanshah and Hamedan provinces is around 290 
thousands hectare. Aims of the present study are firstly, to isolate 
and identify, both morphologically and molecularly, Fusarium 
species belong to GFSC isolated from the barley grains collected 
from Western Iran, and secondly, to detect fumonisin producer 
isolates by considering species-specific genes. 

MATERIAL AND METHODS

Isolation and Identification of Fusarium spp.

Seeds of barley were collected from different markets of 
Kermanshah and Hamedan provinces and transferred to the lab 
in plastic bags. Following hand-selection, seeds were placed onto 
plates of water-agar (WA) media and incubated at 25 °C for 4 
days. Then, single spores of Fusarium were placed onto Potato 
Dextrose Agar (PDA) and Carnation Leaf Agar (CLA) media. 
Afterward, the morphological characteristics, both macroscopic 
and microscopic, of resulted colonies were studied and compared 
to species description of the Fusarium laboratory manual book to 
identify species [18].

DNA extraction

Briefly, following culturing Fusarium isolates in Potato 
Dextrose Broth (PDB, Sigma) shaking at 150 rpm at 25 ± 2 oC for 
5 days, mycelia were harvested by filtration through Whatman 
paper 1 and freeze-dried for 20 h. DNeasy® Plant Mini Kit (Qiagen) 
according to the manufacturer’s protocol to extract DNA.

Molecular identification using species-specific PCR 

To confirm morphological identification, Fusarium isolates 
were considered molecularly using species-specific primers 
of PRO1/PRO2 and SUB1/SUB2 [19]. Primers are presented in 
(Table 1). Amplification reactions were done in a total volume of 
25 µl, by mixing 1 µl of template DNA with 17.8 µl ddH2O, 1 µl of 
deoxynucleotide triphosphate (dNTP) (Promega); 0.5 µl of MgCl2 
(Promega); 1 µl of each primer; 0.2 µl of Taq DNA polymerase 
(Promega) and 2.5 µl of PCR 5X reaction buffer (Promega, 
Madison, Wl, USA). PCR amplification was performed in the 
Peltier Thermal Cycler, PTC-100® (MJ Research, Inc. USA) with 
the following programs: an initial denaturation step at 94 °C for 
5 min, 35 cycles of 94 °C (1 min) / 56 °C (1 min) /72 °C (3 min), 
and a final extension step at 72 °C for 10 min. To visualize the PCR 
products 1×TBE electrophoresis in ethidium-bromide-stained 
and 1% agarose gel were used.

Molecular analyses for Fusarium strains producing 
fumonisins 

To investigate potential ability of fumonisin production in 
the strains FUM1 F/FUM1 R primers were applied (Table 1) [20]. 
PCR amplification was carried out in the Peltier Thermal Cycler, 
PTC-100® (MJ Research, Inc. USA) according to temperature 
profiles described by Bluhm and colleagues [21]. To visualize 
PCR products 1×TBE electrophoresis in ethidium-bromide-
stained and 1% agarose gel were used.

RESULTS
Seventy-five barely samples were collected from different 

markets in Western Iran (Table 2). Based on morphological 
characterizations, 40 Fusarium isolates were recovered from 
the infected barely grains. Macroscopic and microscopic 
characteristics showed that all of the isolates belonged to species 
F. proliferatum (14) and F. subglutinans (3), F. graminearum 
senso lato (13), and F. equiseti (10) (Table 2). Fusarium 

Table 1: Primers used for detection of the GFSC potential to produce fumonisins.

Primer name Sequence 5′-3′ Product 
size (bp) Target sequence Source

SUB1 CTGTCGCTAACCTCTTTATCCA 631 Calmodulin gene Mulé et al, (2004).

SUB2 CAGTATGGACGTTGGTATTATATCTAA

PRO1 CTTTCCGCCAAGTTTCTTC 585 Calmodulin gene Mulé et al, (2004).

PRO2 TGTCAGTAACTCGACGTTGTTG

FUM1 F CCATCAC AGTGGGACACAGT 183 FUM1 gene Bluhm et al, (2004).

FUM1 R CGTATC GTCAGCATGATGTAGC

Table 2: Place of sample collection, number of potentially toxigenic (FUM1) isolates isolated from barely grains in western Iran.

Place of sample collection Fusarium spp. identified FUM1 producer strain (sources)

Sarpole-Zahab F.s (1), F. gr (2), F. eq (3), F. p (4) F.s (1), F. p (2)

Ravansar F.s (1), F. gr (4), F. eq (2), F. p (4) F.s (1), F. p (2)

Kermanshah F.s (1), F. gr (2), F. eq (2), F. p (2) F. p (1)

Hamedan F. gr (3), F. eq (2), F. p (2) F. p (1)

Eslam Abade-Gharb F. gr (2), F. eq (1), F. p (2) -

F.gr=F. Graminearum; F.eq.=F.equiseti; F.s=F. Subglutinans; F.p=F. proliferatum
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proliferatum and F. subglutinans, as the members of GFSC, were 
also molecularly distinguished. The primers SUB1/2 and PRO1/2 
produced DNA fragments 631 and 585bp in all F. subglutinans, 
and F. proliferatum isolates, respectively (Figure 1, 2).

PCR-based detection of mycotoxin-synthesis-pathway gene 
was also carried out to determine the fumonisin biosynthesis 
potential of the analyzed strains using FUM1 F/FUM1 R primers. 
PCR assays showed DNA fragments (183 bp) were amplified 
in 47% of GFSC isolates. Detection of the fumonisin producer 
isolates showed that 6 and 2 isolates were belonged to F. 
proliferatum and F. subglutinans, respectively (Figure 3). The 
highest proportion of fumonisin producing isolates was observed 
in Ravansar and Sarpole-Zahab cities. Frequencies of potential 
mycotoxin producing strains are given in Table 2. 

DISCUSSION
The occurrence of mycotoxins produced by Fusarium spp. 

in small cereal grains, particularly in barley, is of great concern 
worldwide, because their presence in processed feeds and foods 
seems unavoidable. Consequently, they have been associated 

with chronic or acute mycotoxicoses in livestock and, to a lesser 
extent, in humans [22-24]. Barley (H. vulgare L.) is one of the 
highly important crops in Western Iran with considerable impact 
on the region economy. Previous studies showed that barely 
grains are sensitive to Fusarium pathogens. In this study, our 
results, in agreement with previous studies, showed that the 
barley grains are the host of a various fusaria [22,23].

In the present study, morphological studies showed that all 
isolates belonged to four potential mycotoxin producer species 
including F. graminearum (sensu lato), F. equiseti, F. proliferatum 
and F. subglutinans [24,25]. Mycotoxins, depends on the type, 
differently impact on consumer health [26], therefore this subject 
must be considered for mycotoxin control program in Iran.

In the present study, we confirmed the morphological 
results accuracy using species-specific genes. The results of 
both morphological and molecular studies showed that F. 
proliferatum is the predominant species associated with the 
barely grains. F. proliferatum have been previously isolated from 
different crops such as maize, wheat, barley, and rice [27-29]. In 
addition to the plants, previous studies identified F. proliferatum 
in grain of wheat, maize and barley, as well [30,31]. In Iran, F. 
proliferaum and F. subglutinans have been isolated from root, 
crown, stem and spike of cereals [32-34], but the information of 
fusaria associated with barley grains is very limited [34]. To the 
best of our knowledge, we are reporting these species in barley 
grains collected from Western Iran for first time. In the present 
study, the number of F. subglutinans isolates was only 3 out of 
40 that shows limited existence of these species in barley grains, 
which concurred with the results of previous study by Levic and 
colleagues [35].

We studied the fumonisins production potency of the isolates 
belonged to GFSC using molecular PCR-based analysis. Our 
results showed that approximate 47 percent of GFSC isolates 
are potential fumonisins producer. Our results concurred 
with previous study of potential fumonisns producing fungi 
in barley grains [31]. Also, it has been shown that strains of F. 
proliferatum are major fumonisin B1 producers [36]. Utilizing 
PCR-based analysis can help to determine if potentially toxin 
producer fungi are present in agricultural products, since they 
can seriously endanger the health of consumers either human or 

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

Figure 1 PCR products obtained with specific primer pairs PRO1/2 
(band, 585 bp) from 10 isolates of F. proliferatum. Lane M: GeneRuler 
1 kb DNA Ladder. 1=F.prolirazi1barley, 2= F.prolirazi2barley, 3= 
F.prolirazi3barley, 4= F. subglutinans, 5= F.prolirazi4barley, 6= 
F.prolirazi5barley, 7= F.prolirazi6barley, 8= F. verticillioides, 9= 
F.prolirazi7barley, 10=, F.prolirazi8barley 11= F.prolirazi9barley, 12= 
prolirazi10barley, 13= F.prolirazi11barley, 14= F.prolirazi12barley, 
15= F.prolirazi13barley, 16= F.prolirazi14barley.

750 bp

500 bp

250 bp

1        2        3      4

 

Figure 2 PCR products obtained with specific primer pairs SUB1/2 
(band, 631 bp) from 3 isolates of F. subglutinans. Lane M: GeneRuler 
1 kb DNA Ladder. 1= F.subirazi1barley, 2= F.subirazi2barley, 3= 
F.subirazi3barley, 4= F. proliferatum.

200 bp
183 bp

100 bp

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

 

Figure 3 PCR products obtained with specific primer pairs FUM1 
F/FUM1 R (band, 183 bp) from 17 isolates of FGSC. Lane M: Gene 
Ruler DNA Ladder Mix, 100–10,000 bp Ladder. 1=F.prolirazi1barley, 
2= F.prolirazi2barley, 3= F.prolirazi3barley, 4= F. subglutinans, 5= 
F.prolirazi4barley, 6= F.prolirazi5barley, 7= F.prolirazi6barley, 8= 
F. verticillioides, 9= F.prolirazi7barley, 10=, F.prolirazi8barley 11= 
F.prolirazi9barley, 12= prolirazi10barley, 13= F.prolirazi11barley, 
14= F.prolirazi12barley, 15= F.subirazi1barley, 16= F.subirazi2barley, 
17= F.subirazi3barley.
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domestic animals [37]. To our knowledge, in Iran, these findings 
are reporting in the present article for the first time. In Western 
Iran, Ravansar and Sarpole-Zahab area are considered as the 
most important barely plantations and the report of fumonisins 
chemotypes in these areas definitely will be important to improve 
the control programs of mycotoxin by ministries of agriculture 
and health. 

In conclusion, our results can make firstly a complementary 
knowledge of fungi companying barley grains that could be 
helpful to manage control of possible outbreaks. Secondly, we 
revealed fumonisins producing isolates belong to GFSC in the 
barley grains in Western Iran. 

REFERENCES
1. Goswami RS, Kistler HC. Heading for disaster: Fusarium graminearum 

on cereal crops. Mol. Plant Pathol. 2004; 5: 515-525.

2. Murphy PA, Hendrich S, Landgren C, Bryant CM. Food mycotoxins: An 
update. J. Food Sci. 2006; 71: 51-65.

3. Marin S, Ramos AG, Cano-Sancho G, Sanchis V. Mycotoxins: Occurrence, 
toxicology, and exposure assessment. Food Chem. Toxicol. 2013; 60: 
218-237.

4. O’Donnell K, Cigelnik E, Nirenberg H. Molecular systematics and 
phylogeography of the Gibberella fujikuroi species complex. 
Mycologia. 1998; 90: 465-493.

5. Bragança H, Diogo E, Moniz F, Amaro P. First report of pitch canker 
on pines caused by Fusarium circinatum in Portugal. Plant Dis. 2009; 
93: 1079.

6. Wulff EG, Sorensen JL, Lubeck M, Nielsen KF, Thrane U, Torp J. 
Fusarium spp. associated with rice Bakanae: ecology, genetic diversity, 
pathogenicity and toxigenicity. Environ. Microbiol. 2010; 12: 649-657.

7. Arias MMD, Munkvold GP, Leandro LF. First report of Fusarium 
proliferatum causing root rot on soybean (Glycine max) in the United 
States. Plant Dis. 2011; 95: 1316.

8. Troncoso C, González X, Bomke C, Tudzynski B, Gong F, Hedden P, 
et al. Gibberellin biosynthesis and gibberellin oxidase activities in 
Fusarium sacchari, Fusarium konzum and Fusarium subglutinans 
strains. Phytochemistry. 2010; 71: 1322-1331.

9. Hyung LS, Hye KJ, Wan SS, Theresa L, Hwan YS. Fumonisin production 
by field isolates of the Gibberella fujikuroi species complex and 
Fusarium commune obtained from rice and corn in Korea. Res. Plant 
Dis. 2010; 18: 310-316.

10. Desjardins AE, Plattner RD, Nelson PE. Production of fumonisin B 
(inf1) and moniliformin by Gibberella fujikuroi from rice from various 
geographic areas. Appl. Environ. Microbiol. 1997; 63: 1838-1842.

11. Diaz-Sanchez V, Avalos J, Limon MC. Identification and regulation of 
fusA, the polyketide synthase gene responsible for fusarin production 
in Fusarium fujikuroi. Appl. Environ. Microbiol. 2012; 78: 7258-7266.

12. Howard PC, Eppley RM, Stack ME, Warbritton A, Voss KA, Lorentzen 
RJ, et al. Fumonisin B1 carcinogenicity in a two-year feeding study 
using F344 rats and B6C3F1 mice. Environ. Health Persp. 2001; 109: 
277-2782.

13. Voss KA, Riley RT, Waes JGV. Fumonisin B1 induced neural tube 
defects were not increased in LM/Bc mice fed folate-deficient diet. 
Mol Nutr Food Res. 2014; 58: 1190-1198.

14. Ruyck KD, Boevre MD, Huybrechts I, Saeger SD. Dietary mycotoxins, 
co-exposure, and carcinogenesis in humans: short review. Mutat Res 
Rev Mutat Res. 2015; 766: 32-41.

15. da Rocha MEB, Freire FDCO, Maia FEF, Guedes MIF, Rondina D. 
Mycotoxins and their effects on human and animal health. Food 
Control. 2014; 36: 159-165.

16. Proctor RH, Brown DW, Plattner RD, Desjardins AE. Co-expression of 
15 contiguous genes delineates a fumonisin biosynthetic gene cluster 
in Gibberella moniliformis. Fungal Genet. Biol. 2003; 38: 237-249.

17. Bottalico A. Fusarium diseases of cereals: species complex and related 
mycotoxin profiles, in Europe. J. Plant Pathol. 1998; 80: 85-103.

18. Leslie JF, Summerell BA. The Fusarium Laboratory Manual. UK: 
Blackwell Publish Ltd. 2006.

19. Mule G, Susca A, Stea G, Moretti A. Specific detection of the toxigenic 
species Fusarium proliferatum and F. oxysporum from asparagus 
plants using primers based on calmodulin gene sequences. FEMS 
Microbiol. Lett. 2004; 230: 235-240. 

20. Yazeed HA, Hassan A, Moghaieb RE, Hamed M, Refai M. Molecular 
detection of fumonisin-producing Fusarium species in animal feeds 
using polymerase chain reaction (PCR). J Appl Sci Res. 2011; 7: 420-
427.

21. Bluhm BM, Cousin MA, Woloshuk CP. Multiplex real-time PCR 
detection of fumonisins producing and trichothecene producing 
groups of Fusarium species. J. Food Protect. 2004; 3: 536-543.

22. Yang L, Van Der Lee T, Yang XD, Waalwijk C. Fusarium populations 
on Chinese barley show a dramatic gradient in mycotoxin profile. 
Phytopathology. 2008; 98: 719-727.

23. Obanor F, Neate S, Simpfendorfer S, Sabburg R, Wilson P, Chakraborty 
S. Fusarium graminearum and Fusarium pseudograminearum caused 
the 2010 head blight epidemics in Australia. Plant Pathol. 2013; 62: 
79-91.

24. Ward TJ, Clear RM, Rooney AP, O’Donnell K, Gaba D, Patrick S, et al. 
An adaptive evolutionary shift in Fusarium head blight pathogen 
populations is driving the rapid spread of more toxigenic Fusarium 
graminearum in North America. Fungal Genet Biol. 2008; 45: 473-484. 

25. Marin P, Moretti A, Ritieni A, Jurado M, Vazquez C, González-Jaén MT. 
Phylogenetic analyses and toxigenic profiles of Fusarium equiseti and 
Fusarium acuminatum isolated from cereals from Southern Europe. 
Food Microbiol. 2012; 31: 229-237.

26. Eskola M, Parikka P, Rizzo A. Trichothecenes, ochratoxin A and 
zearalenone contamination and Fusarium infection in Finnish cereal 
samples in 1998. Food Addit Contam. 2001; 18: 707-718.

27. Munkvold GP. Epidemiology of Fusarium diseases and their 
mycotoxins in maize ears. Eur. J Plant Pathol. 2003; 109: 705-713.

28. Akinsanmi OA, Mitter V, Simpfendorfer S, Backhouse D, Chakraborty S. 
Identity and pathogenicity of Fusarium spp. isolated from wheat fields 
in Queensland and northern New South Wales. Crop Pasture Sci. 2004; 
55: 97-107.

29. Chehri K. Occurrence of Fusarium species associated with 
economically important agricultural crops in Iran. Afr J Microbiol Res. 
2011; 5: 4043-4048.

30. Marin S, Magan N, Serra J, Ramos AJ, Canela R, Sanchis V. Fumonisin 
B1 production and growth of Fusarium moniliforme and Fusarium 
proliferatum on maize, wheat, and barley grain. J Food Sci. 1999; 64: 
921-924.

31. Ivic D, Kovacevik B, Vasilj V, Idzakovic N. Occurrence of potentially 
toxigenic Fusarium verticillioides and low fumonisin B1 content on 
barley grain in Bosnia and Herzegovina. J. Appl. Bot. Food Qual. 2011; 
84: 121-124.

32. Zare R, Ershad D. Fusarium species isolated from cereals in Gorgan 

https://www.ncbi.nlm.nih.gov/pubmed/20565626
https://www.ncbi.nlm.nih.gov/pubmed/20565626
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2006.00052.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2006.00052.x/pdf
https://www.ncbi.nlm.nih.gov/pubmed/23907020
https://www.ncbi.nlm.nih.gov/pubmed/23907020
https://www.ncbi.nlm.nih.gov/pubmed/23907020
https://www.jstor.org/stable/3761407?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/3761407?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/3761407?seq=1#page_scan_tab_contents
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-93-10-1079A
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-93-10-1079A
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-93-10-1079A
https://www.ncbi.nlm.nih.gov/pubmed/20002135
https://www.ncbi.nlm.nih.gov/pubmed/20002135
https://www.ncbi.nlm.nih.gov/pubmed/20002135
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-04-11-0346
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-04-11-0346
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-04-11-0346
https://www.ncbi.nlm.nih.gov/pubmed/20570295
https://www.ncbi.nlm.nih.gov/pubmed/20570295
https://www.ncbi.nlm.nih.gov/pubmed/20570295
https://www.ncbi.nlm.nih.gov/pubmed/20570295
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=SMBRCU_2012_v18n4_310
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=SMBRCU_2012_v18n4_310
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=SMBRCU_2012_v18n4_310
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=SMBRCU_2012_v18n4_310
https://www.ncbi.nlm.nih.gov/pubmed/16535599
https://www.ncbi.nlm.nih.gov/pubmed/16535599
https://www.ncbi.nlm.nih.gov/pubmed/16535599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3457117/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3457117/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3457117/
https://www.ncbi.nlm.nih.gov/pubmed/11359696
https://www.ncbi.nlm.nih.gov/pubmed/11359696
https://www.ncbi.nlm.nih.gov/pubmed/11359696
https://www.ncbi.nlm.nih.gov/pubmed/11359696
https://www.ncbi.nlm.nih.gov/pubmed/24585430
https://www.ncbi.nlm.nih.gov/pubmed/24585430
https://www.ncbi.nlm.nih.gov/pubmed/24585430
https://www.ncbi.nlm.nih.gov/pubmed/26596546
https://www.ncbi.nlm.nih.gov/pubmed/26596546
http://www.sciencedirect.com/science/article/pii/S0956713513004131
http://www.sciencedirect.com/science/article/pii/S0956713513004131
http://www.sciencedirect.com/science/article/pii/S0956713513004131
http://www.sciencedirect.com/science/article/pii/S108718450200525X
http://www.sciencedirect.com/science/article/pii/S108718450200525X
http://www.sciencedirect.com/science/article/pii/S108718450200525X
http://sipav.org/main/jpp/index.php/jpp/article/view/807
http://sipav.org/main/jpp/index.php/jpp/article/view/807
https://www.ncbi.nlm.nih.gov/pubmed/14757245
https://www.ncbi.nlm.nih.gov/pubmed/14757245
https://www.ncbi.nlm.nih.gov/pubmed/14757245
https://www.ncbi.nlm.nih.gov/pubmed/14757245
https://www.researchgate.net/publication/258518047_Molecular_detection_of_Fumonisin-producing_Fusarium_species_in_animal_feeds_using_polymerase_chain_reaction_PCR
https://www.researchgate.net/publication/258518047_Molecular_detection_of_Fumonisin-producing_Fusarium_species_in_animal_feeds_using_polymerase_chain_reaction_PCR
https://www.researchgate.net/publication/258518047_Molecular_detection_of_Fumonisin-producing_Fusarium_species_in_animal_feeds_using_polymerase_chain_reaction_PCR
https://www.researchgate.net/publication/258518047_Molecular_detection_of_Fumonisin-producing_Fusarium_species_in_animal_feeds_using_polymerase_chain_reaction_PCR
https://www.ncbi.nlm.nih.gov/pubmed/15035370
https://www.ncbi.nlm.nih.gov/pubmed/15035370
https://www.ncbi.nlm.nih.gov/pubmed/15035370
http://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-98-6-0719
http://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-98-6-0719
http://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-98-6-0719
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2012.02615.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2012.02615.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2012.02615.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2012.02615.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/18035565
https://www.ncbi.nlm.nih.gov/pubmed/18035565
https://www.ncbi.nlm.nih.gov/pubmed/18035565
https://www.ncbi.nlm.nih.gov/pubmed/18035565
https://www.ncbi.nlm.nih.gov/pubmed/22608228
https://www.ncbi.nlm.nih.gov/pubmed/22608228
https://www.ncbi.nlm.nih.gov/pubmed/22608228
https://www.ncbi.nlm.nih.gov/pubmed/22608228
https://www.ncbi.nlm.nih.gov/pubmed/11469327
https://www.ncbi.nlm.nih.gov/pubmed/11469327
https://www.ncbi.nlm.nih.gov/pubmed/11469327
https://link.springer.com/article/10.1023/A:1026078324268
https://link.springer.com/article/10.1023/A:1026078324268
https://www.researchgate.net/publication/43446886_Identity_and_pathogenicity_of_Fusarium_spp_isolated_from_wheat_fields_in_Queensland_and_northern_New_South_Wales
https://www.researchgate.net/publication/43446886_Identity_and_pathogenicity_of_Fusarium_spp_isolated_from_wheat_fields_in_Queensland_and_northern_New_South_Wales
https://www.researchgate.net/publication/43446886_Identity_and_pathogenicity_of_Fusarium_spp_isolated_from_wheat_fields_in_Queensland_and_northern_New_South_Wales
https://www.researchgate.net/publication/43446886_Identity_and_pathogenicity_of_Fusarium_spp_isolated_from_wheat_fields_in_Queensland_and_northern_New_South_Wales
https://www.researchgate.net/publication/260598612_Occurrence_of_Fusarium_species_associated_with_economically_important_agricultural_crops_in_Iran
https://www.researchgate.net/publication/260598612_Occurrence_of_Fusarium_species_associated_with_economically_important_agricultural_crops_in_Iran
https://www.researchgate.net/publication/260598612_Occurrence_of_Fusarium_species_associated_with_economically_important_agricultural_crops_in_Iran
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1999.tb15941.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1999.tb15941.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1999.tb15941.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1999.tb15941.x/abstract
http://eprints.ugd.edu.mk/6044/
http://eprints.ugd.edu.mk/6044/
http://eprints.ugd.edu.mk/6044/
http://eprints.ugd.edu.mk/6044/
https://www.cabdirect.org/cabdirect/abstract/19981003515


Central
Bringing Excellence in Open Access





Chehri et al. (2017)
Email: 

J Vet Med Res 4(4): 1081 (2017) 5/5

Chehri K, Godini R (2017) Detection of Fumonisin Chemotype Produced by Gibberella fujikuroi Species Complex Isolated From Barely in Western Iran Using 
Specific PCR Assays. J Vet Med Res 4(4): 1081.

Cite this article

area. Iran. J Plant Pathol. 1997; 33: 1-4.

33. Darvishnia M, Alizadeh A, Zare R, Goltapeh EM. Three new Fusarium 
taxa isolated from gramineous plants in Iran. Rostaniha. 2006; 7: 193-
205. 

34. Nejat-Salari A, Ershad D. An investigation on mycoflora of barley seeds 
in Iran. Iran. J. Plant Pathol. 1994; 30: 56-68. 

35. Levic J, Stankоvis S, Krnjaja V, Bocarov-Stancic A, Ivanovic D. 
Distribution frequency and incidence of seed-borne pathogens of 

some cereals and industrial crops in Serbia. Pestic. Phytomedicine. 
2012; 27: 33-40.

36. Nelson PE, Plattner RD, Shackelford DD, Desjardins AE. Fumonisin B1 
production by Fusarium species other than F. moniliforme in section 
Liseola and by some related species. Appl Envir Microbiol. 2012; 58: 
984-989.

37. Niessen L. PCR-based diagnosis and quantification of mycotoxin 
producing fungi. Int J Food Microbiol. 2007; 119: 38-46.

https://www.cabdirect.org/cabdirect/abstract/19981003515
http://en.journals.sid.ir/ViewPaper.aspx?ID=102951
http://en.journals.sid.ir/ViewPaper.aspx?ID=102951
http://en.journals.sid.ir/ViewPaper.aspx?ID=102951
http://agris.fao.org/agris-search/search.do?recordID=IR9600577
http://agris.fao.org/agris-search/search.do?recordID=IR9600577
http://www.doiserbia.nb.rs/img/doi/1820-3949/2012/1820-39491201033L.pdf
http://www.doiserbia.nb.rs/img/doi/1820-3949/2012/1820-39491201033L.pdf
http://www.doiserbia.nb.rs/img/doi/1820-3949/2012/1820-39491201033L.pdf
http://www.doiserbia.nb.rs/img/doi/1820-3949/2012/1820-39491201033L.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC195366/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC195366/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC195366/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC195366/
https://www.ncbi.nlm.nih.gov/pubmed/17804102
https://www.ncbi.nlm.nih.gov/pubmed/17804102

	Detection of Fumonisin Chemotype Produced by Gibberella fujikuroi Species Complex Isolated From Bare
	Abstract
	Introduction
	Material and Methods 
	Isolation and Identification of Fusarium spp. 
	DNA extraction 
	Molecular identification using species-specific PCR  
	Molecular analyses for Fusarium strains producing fumonisins  

	Results
	Discussion
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3

