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ABSTRACT
Corn or Maize product is regarded as one of the essential products in the world and stands third product after the rice and wheat crops.
Different fungal pathogens attack corn plants; one of them is ear rot, brought on by Fusarium species and whose occurrence is primarily
influenced by environmental factors. In order to isolate and identify Fusarium species from corn plants and their prevalence, 50 samples
of corn were collected during September, October, and November of 2021 from 30 corn fields in 14 regions of different places in the
Kurdistan region of Iraq. From all samples, 39 isolates of Fusarium were detected and based on morphological characteristics, six other
species of Fusarium were identified, namely F. verticillioides (33.34%), F. proliferatum (25.64%), F. oxysporum (12.82%), F.
incarnatum and F. equiseti (10.25% each), then F. fujikuroi (7.7%). The most prevalent species was F. verticillioides which was isolated
from seven corn fields and significantly higher than all other isolated species. All Fusarium isolates were also molecularly identified
depending on amplifying the internal transcribed spacer (ITS) universal region using forward ITS1 and reverse 1TS4 primers and
indicated DNA fragments ranged from 550 to 570 bp. The PCR fragments of the amplified ITS region were sequenced, aligned and
registered in NCBI GeneBank with specified accession numbers. The phylogenetic tree and all analyzes were performed using the
MEGA program version 11.0.13. The current study concluded that the corn fields in the Kurdistan region are infected with different
Fusarium species, and the most common species is F. verticillioides. As well as the Fusarium species in the Kurdistan region have close
evolutionary history to the same species in other countries. Thus, the study recommends more research to investigate the occurrence of
toxigenic Fusarium species associated with cereal grains in the region.

https://creativecommons.org/licenses/by-nc/4.0/
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1. Introduction maize plant, one of them is ear rot, which is brought on by

. . ) Fusarium species and whose occurrence is primarily influenced
Corn or Maize product is regarded as one of the essential products by environmental factors like temperature, relative humidity,

n the{zv;/]orld[_], and stands third product after the rice and wheat  c3rhon dioxide, oxygen, substrate composition, and occasional
crops*>*. Maize is the only crop that can to flourish in such awide rainfall, as well as agronomic factors like the use of pesticides
range of environments. It can flourish anywhere from 58 north and the susceptibility of particular plant varieties”#9, seasonal

to 40 south, below sea level to more than 3000 m above[4]it, and weather, the genotype of the host, and insect activity are only a
with rainfall ranging from 250 mm to 5000 mm annually™. Also few of the variables that might affect the infection of corn grain

corn is used to producing food for human and animal feeding, in by fungal pathogens on the farm. Because they are linked to stress
many manufacturing industries. As well as com may grow ina  ¢snditions during plant flowering and kernel drying[® 3, dates
V?‘”e'@[’s g]f climatic regions around the world, known as variable for planting and harvesting impact grain quality. Fumonisins
yields™>®.. Corn is separated from different grain products with accumulation and kernel infection by Fusarium verticillioides are

the rate of carotenoids and its content of oils, starch, and protein
content, which gives it high nutritional content for animal and
human infection related™>l, Different fungal pathogens attack

among the most prevalent occur in the field, and both of these
occurrences are significantly influenced by the environment*%:12],
At 30 °C or lower, Fusarium species increase in maize grains
with a minimum moisture range of 20%, as shown in Figure 1,
but at 37 °C, they became impossiblel*l. So, in "Ethiopia" and
"China," where many Fusarium species are common, maize
diseases are common too*41l,
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Figure 1: Corns infected with Fusarium species (A: Corn Farm, B:
Aborted Kernel, C: Fungal Infection).

Moreover, Fusarium species infecting roots, stems, leaves, and
grains with agricultural vyields has drastically decreased,
generally ranging from 15% to 35%. Some strains can also
produce mycotoxins, harming plants infected before harvest!6:17],
Following it, Mycotoxin-tainted corn eating may result in a range
of serious harmful effects in both animals and humans(‘4®,
Fusarium species infect the maize during the middle of June and
at the beginning of August when the maize is planted again for
the second timel?3; maybe the Fusarium species return and cause
plant disease in some areas according to temperature, especially
when temperature decreases during fall on September(?,
Mycotoxin is one of the most significant issues with maize
fielding infection[?®l, which are hazardous second-generation
metabolites produced by certain fungi in the field and/or during
storagel®?21, Many mycotoxins, such as fumonisins produced by
Fusarium verticillioides, Fusarium proliferatum or other
Fusarium species, are not affected by heat and are heat stable!?32],
Therefore, the only way to stop or lessen their influence is to
prevent or reduce their production in the field. The precise
recognition of the individual diseases and identification of their
presence in sensitive crops offer crucial background data on the
pathogen prevalence in the harvest. Also, standard evaluation
determines the frequency of the regulating genes that control the
mycotoxins biosynthetic pathway in many strains of Fusarium.
May the measurement of levels of the associated mycotoxins is
an equally significant piece of information?). The interplay
between environmental stress factors such as water activity and
temperature impacts the proliferation of toxigenic fungus species,
expression of biosynthetic regulatory genes, and the production
of mycotoxin?®l, Fusarium is a major pathogenic genera affecting
corn, mainly due to F. verticillioides; F. proliferatum, F. fujikuroi,
F. oxysporum, F. equiseti, F. incarnatum, and another species,
there are several of this Fusarium in soils. The following are the
infection pathways: Fusarium from infected seeds can spread to
seedlings; conidia from water splashed on plants or carried by the
wind may land on the silk and then reach the kernels; infection
spreading from kernels to cob can continue through the stalk;
infection spreading through root and stalk can spread
systemically and reach the ear and kernel rot?528l, This study
aims to isolate and identify Fusarium species from corn plants
and their prevalence in some fields of the Kurdistan region of
Irag.

2. Methods and Materials

2.1 Collection of Samples
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In total, 50 samples of corn were collected during September,
October, and November of 2021 from 30 corn fields in 14 regions
of different places in the Kurdistan region of Iraq, as shown in
figure 2 and table 1. Samples were not collected in Duhok,
Sulaimani and Koya district due to the lack of corn fields during
the growing season. The samples included ear and kernel rot of
corn during the ever-increasing seasons?®2%, Corn samples were
collected within field randomly and transferred to the lab, then
stored in the refrigerator until the culture media preparations.
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Figure 2: The map of corn fields where samples are collected.

Table 1: Number of samples and fields from each collection region of
Kurdistan-Irag.

Region Number of fields | Number of samples
Hawler 2 6
Kirkuk 5 8
Kalar 2 4
Prde 8 9
Bazean 1 1
Dbs 3 5
Ranya 1 3
Chwarqurna 1 2
Halabja 2 2
Said sadiq 1 2
Chamchamal 1 3
Sangaw 1 2
Sargala 1 1
Qarabelax 1 2
Total 30 50

2.2 Isolation of Fungal Cultures

Suspected samples of corn kernels with naked eyes were used for
fungal isolation. Using a sterilized needle, a part of the infected
corn grain was transferred to Potato Dextrose Agar (PDA) and
incubated for 5-7 days under 26°C+1. The second technique of
fungal isolation was carried out using the dilution method for
those samples where the fungal infection was not seen with the
naked eye. The corn kernel was ground, and 10gm of corn was
added to 100 mL of ddH.O and shaken for 5 minutes using a
shaker devicel*l. Then 1ml of stock solution was transferred to
9ml of ddH>0 and mixed with vortex for 1 minute. Then 1mL of
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the second solution was transferred to 9ml of ddH20 and mixed
with vortex for 1 minute. Then 1ml of each first and second
dilution was transferred to PDA and streaked using L-shape glass
as shown in Figure 3. The plates were incubated for 5-7 dates
under 26°C+11491,

The grown fungal colonies on PDA were subcultured and
incubated for 5-7 days under the same temperature to get pure
fungal cultures. Then, after, pure cultures were used for further
macroscopic and microscopic examinations.
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Figure 3: The dilution method technique for fungal isolation.

2.3 Staining by Lacto Phenol Cotton Blue

Pure cultures were used for macroscopic observations, as well as
used for microscopic observations with the medium mounting
technique. A drop of lactophenol blue solution was placed on a
glass slide. Then a part of the fungal colony from the margin was
removed using a sterile inoculation loop and then transferred to
the slide. A coverslip was gently placed on the slide to avoid air
bubbles, and then examined under 10x and 40x of magnification
power. A list of macroscopic features, such as colony type, above
colour, reverse colour, and microscopic features, including
hyphae, chlamydospores, macroconidia, and microconidia, were
registered for each isolatel®®,

2.4 DNA Extractions of Fusarium Species

DNA was extracted using EasyPure Plant Genomic DNA Kit
(South Korea) from the isolates of Fusarium species, which
identified with the classical method. The mycelia of Fusarium
isolates grown for 5-7 days on a PDA medium were collected and
ground under liquid nitrogen.

2.5 Molecular Identification of Fusarium species using ITS region.

Fusarium isolates are molecularly identified based on the ITS
universal region, which is the region located between the tiny
nuclear 18S rDNA and large nuclear 28S rDNA, including 5.8S
rDNA. The primers ITS1 (5-3) Forward
(TCCGTAGGTGAACCTGCG) and ITS4 (5-3) Reverse
(TCCTCCGCTTATTGATATGC) were used to amplify the ITS
region, which indicated by PCR fragments ranged from 550-570
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bp. To prepare 30 pul of the sample, the PCR tube containing 10
pl PCR master mix [Tag Master (2x conc.) / add a bio. South
Korea] and 6 pl of DNA sample, primers (ITS1) forward 1.5 pl,
(ITS4) reverse 1.5 pl, and 11 pl ddH,0. PCR was performed on
a Thermal (Mega) cycler®!. The PCR program was as follows:
one cycle of Initial denaturation at 95°C for 2 min, followed by
35 cycles of denaturation at 95°C for 30 sec, annealing at 55°C
for 1 min, extension at 72°C for 1 min, then final extension at
72°C for 10 minfl,

2.6 Gel Electrophoresis

The amplified products were run through an electrophoresis
procedure on 2% agarose gel (0.75 g of agarose in 50 ml of 1x
TBE buffer - Appendix), stained with 5ul of ethidium bromide in
the medium of 1x TBE buffer, and to allow the gel to solidify. It
was kept at room temperature for 20 minutes®. Then after 6 pl
of the PCR product were loaded into the wells to detect band size,
amplicons were run simultaneously with a 3000-bp DNA ladder
(South Korea). The gel was operated at 90 V of voltage for 45
minutes. After then, the gel was visualized using a UV trans-
illuminator®l, PCR fragments of the ITS region ranged from
550-570 bp, as shown in Figure 540 39,31,

2.7 DNA Sequence and Phylogenetic Analysis

The DNA sequencing was done by (Macrogen Company, Seoul,
South Korea) for at least 1 to 3 isolates of each Fusarium species
depending on amplified ITS region using ITS1 (3-5) Forward
(TCCGTAGGTGAACCTGCG) and 1TS4 (3-5) Reverse
(TCCTCCGCTTATTGATATGC) primers. The phylogenetic
tree and all analyzes were performed using the MEGA program
version 11.0.13.

2.8 Statistical Analysis

One sample T-test was performed using the SPSS software
(version 22.0), and differences between Fusarium species were
considered significant at P < 0.05 for all corn fields.

3. Results and Discussion
3.1 Morphological Identification of Fusarium species

Among 50 samples of corn where collected in 30 corn fields, 39
isolates of Fusarium were detected. Based on morphological
characteristics, six species of Fusarium were identified, namely
F. verticillioides, F. proliferatum, F. oxysporum, F. incarnatum,
F. equiseti and F. fujikuroi as presented in table 2 and figures 4.
The number of isolates according to corn fields was 5 in Hawler,
5 in Kirkuk, 10 in Prde, 7 in Dbs, 6 in Ranya, 4 in Chwarqurna
and 2 in Qarabelax. At the same time, there were no isolates in
Kalar, Bazean, Halabja, Said sadig, Chamchamal, Sangaw and
Sargala. Between all Fusarium isolates, 33.34% of isolates
belonged to F. verticillioides which was significantly (P < 0.05)
higher than all other species, followed by F. proliferatum
(25.64%), F. oxysporum (12.82%), F. incarnatum and F. equiseti
(10.25% each), then F. fujikuroi (7.7%) as shown in table 3.

The current study represents the first attempt to detect the
Fusarium species colonizing corn in the Kurdistan region of Iraq,
where corn cultivation started to increase in recent years. Several
researchers have reported the occurrence of main Fusarium
species in corn fields, such as F. verticillioides, F. proliferatum,
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and F. equiseti?. The same species were recorded in this study.
Some Fusarium species, such as F. verticillioides, F.
proliferatum, F. oxysporum, F. bullatum and F. thapsinum were
recovered from maize ears collected from 11 different geographic
regions in Iran during 2004 and 2005, while in Indonesia, a
research study found four species of mycotoxigenic Fusarium

graminearum and F. asiaticum®!. This study found that the
occurrence of F. verticillioides in corn fields in the Kurdistan
region was most commonly compared to other isolated species;
this finding is consistent with those studies carried out in other
countries such as Iran, India, Indonesia®"3:% and not agree with
the results reported by research carried out in Egypt, which F.

species isolated from maize based on molecular identification,
which were Fusarium verticillioides,

F. proliferatum, F.

oxysporum is the most common species(®4.,

Table 2: Morphological characteristics of isolated Fusarium species.

Colony Colour Microscopic Features
Species Above Revers | Macroconidia Microconidia Chlamydospore Conidiophore
F. verticillioides White White Slender to Oval to club-shaped with a Absent Apical end of the
pigmented violet Ovoid, 3-5 flattened base, 1-2septa on monophialide
violet Septa monophialides, may occur
in V-shaped pairs
F. oxysporum Icy pink White to Straight Oval to reniform on aerial | Present - singly or Short
peach to Slightly mycelia, 0 septa, in pairs monophialides
Curved, 3
Septa
F. proliferatum | White orange | White Slender to Club shaped in a chain, 0 Absent Monophialides
orangeto| Relatively septa. and polyphialides
pale Straight, 3-5
Septa
F. incarnatum Yellow red White | Apical curved Fusiform Sporodochia Monophialides on
Or Dark red violet and Tapering aerial
violet Foot, 3-5 Septa conidiophores
F. fujikuroi White White Slender to V-shaped microconidial in Absent Mono- and
Relatively chains or obovoid polyphialides
Straight, 3-4
Septa
F. equiseti White White | Foot Shaped & Oval Sporodochia Apical taper
Orange Orange Elongated
Foot, 4-6 Septa

Figure 4: Morphological characteristics of different isolated Fusarium species: A (F. verticillioides), B (F. oxysporum) C (F. proliferatum), D (F.
incarnatum), E (F. fujikuroi), F (F. equiseti).
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Table 3: Isolated Fusarium species according to regions and their gene bank accession number.

Species and Accession Number Hawler | Kirkuk | Prde | Dbs | Ranya | Chwarqurna | Qarabelax | Total

F. verticillioides (0Q421512) 2 2 2 3 1 1 2 13

F. oxysporum (0Q421511) 2 - 1 - 1 1 - 5

F. proliferatum (0Q408109) - - 4 2 3 1 - 10

F. incarnatum (0Q408107) - 1 2 - - 1 - 4

F. fujikuroi (0Q408106) - - 1 1 1 - - 3

F. equiseti (0Q408111) 1 2 - 1 - - 4
Total 5 5 10 7 6 4 2 39

3.2 Molecular Identification and DNA Sequence of Fusarium public domain databases NCBI (National Center for
Species Biotechnology Information;  https://www.ncbi.nlm.nih.gov)

All isolates were molecularly identified depending on ITS region
to confirm the identification of Fusarium isolates by using
forward ITS1 and reverse 1TS4 primers. The expected 550-570
bp amplified ITS DNA product was detected in all 39 Fusarium
isolates except in negative control, which confirms that all
isolates belong to the Fusarium genus; Figure 5 represents the
electrophoretic profile of the ITS region of Fusarium isolates. To
ensure the Fusarium species identified by morphological
characteristics, the PCR fragments of amplified ITS regions were
sequenced, then aligned and registered in NCBI GenBank with
the following accession numbers. F. verticillioides (0Q421512),
F. oxysporum (0Q421511), F. proliferatum (0Q408109), F.
incarnatum (0Q408107), F. fujikuroi (0Q408106) and F.
equiseti (0OQ408111) as shown in table 3. This study confirmed
that PCR-based identification depending on conserved ITS region
is highly accurate in differentiating the genus Fusarium from
other fungal genera. This result is also reported in further research
where done in North East Indial*’], Egypt*! and Iran®¥, A PCR
product of ITS region in Fusarium isolates from the current study
ranged between 550-570bp; the same results are reported by other
studies in Egypt®®3 and in Iranf*),

Figure 5: Agarose gel showing amplified products using primers for ITS
region. NG (negative control), 1 (F. proliferatum), 2 (F. verticillioides),
3 (F. equiseti), 4 (F. incarnatum), 5 (F. oxysporum), 6 (F. fujikuroi).

3.3 Phylogenetic Analysis

The DNA sequences of ITS region using forward 1TS1 and
reverse 1TS4 primers are used to generate a phylogenetic tree of
Fusarium species, comparing to the other Fusarium strains in the
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using Basic Local Alignment Search Tool (BLAST). The
evolutionary history was inferred using the Maximum Likelihood
method and the Tamura-Nei model™¥. The tree with the highest
log likelihood (-3089.56) is shown as the percentage of trees
where the associated taxa clustered together is displayed next to
the branches. Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ algorithms
to a matrix of pairwise distances estimated using the Tamura-Nei
model and then selecting the topology with superior log
likelihood value. The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. This analysis
involved 25 nucleotide sequences. There were a total of 478
positions in the final dataset. Evolutionary analyses were
conducted in MEGA11I, As shown in Figure 6, all Fusarium
species of the current study are divided into two main clusters; F.
fujikuroi, F. proliferatum and F. oxysporum are clustered together
on one side of the tree, while F. verticillioides, F. equiseti and F.
incarnatum are located together in the other side. All details for
comparing the Fusarium species of the current study to different
Fusarium strains from other countries are determined on
thephylogenetic tree.

88 | MW202402.1 Fusarium verticillioides Egypt
OM267654 1 Fusarium verticillioides India

MVV405883.1 Fusarium proliferatum Egypt
MF288740.1 Fusarium fujikuroi Iran

MZ831308.1 Fusarium fujikuroi China

MN747996.1 Fusarium proliferatumn Philippine
OM535264 1 Fusarium fujikuroi Iraq

B ©Q408106 Fusarium fujikuroi Iraq
MF426031.1 Fusarium proliferatum China

e MH244465 1 Fusarium proliferatum Iran

70
M 0Q408109 Fusarium proliferatum Iraq

B 0Q421511 Fusarium oxysporum Iraq

0Q200557.1 Fusarium oxysporum Netherlands

100 ' OQ248152.1 Fusarium oxysporum Egypt

00 — OM955959 1 Fusarium verticillioides China
L B 0Q421512 Fusarium verticillioides Iraq
77 MT495432.1 Fusarium equiseti China

KJ526173.1 Fusarium equiseti Turkey

100 B ©Q408111 Fusarium equiseti Iraq

MK733980.1 Fusarium equiseti India

MT032390.1 Fusarium incarnatum Egypt
LC745754 .1 Fusarium incarnatum Thailand
MH591210.1 Fusarium incarnatum Pakistan
OM955964.1 Fusarium incarnatum China
B 0Q408107 Fusarium incarnatum Irag

010

Figure 6: The phylogenetic tree generated using ITS region
nucleotide sequence information of Fusarium species (The strains
assigned with small green squares belong to the current study).
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Conclusion

The current study concluded that the corn fields from seven
locations in the Kurdistan region are infected with different
Fusarium species, and the most common species is F.
verticillioides as it is widely recovered among identified isolated.
As well as, the Fusarium species in the Kurdistan region have
close evolutionary history to the same species in other countries.
Thus the current study recommends further investigations to
detect the toxigenic Fusarium species involved in corn infections.

Conflict of interests

None

Author Contribution and Funding Information

Both authors fully contributed to the research, the first author
mostly contributed to the practical part and writing, while the
second author’s contribution was supervision and revision. The
research is partially funded by Charmo University and mostly is
self-funded.

References

1.

10.

11.

12.

Y. G. Li, D. Jiang, L. K. Xu, S. Q. Zhang, and P. S. Ji. Evaluation of diversity
and resistance of maize varieties to Fusarium spp. causing ear rot in maize
under conditions of natural infection. Czech Journal of Genetics and Plant
Breeding. Vol. 2019, no. 2016, pp. 131-137, 2019. DOI: 10.17221/81/2018-
CJGPB.

. M. Fallahi et al. Isolation, molecular identification and mycotoxin profile of

Fusarium species isolated from Maize Kernels in Iran. Toxins (Basel). Vol. 11,
no. 5, 2019. DOI: 10.3390/toxins11050297.

. R. Tahir and U. Ahmad. Review Article Agrinula: Jurnal Agroteknologi dan

Perkebunan. Agrinula. Vol. 4, 2021. DOI:

https://doi.org/10.36490/agri.v4i1.123.

no. 1, pp. 43-60,

. M. D. Asfaw. Eff ects of animal manures on growth and yield of maize ( Zea

mays L .). Journal of Stem Cell Therapy and Transplantation. 2022. DOI:
10.29328/journal. jpsp.1001071.

. T. S. Dojamo, S. M. Takiso, and M. L. Tessema. Evaluation of Maize ( Zea

mays L .) Varieties in Selected Lowland Areas of Southern Ethiopia.
International Journal of Agronomy. Vol. 2022, 2022.

. V. Kmjaja, V. Mandi, and S. Stankovi. Influence of Sowing Time on Fusarium

and Fumonisin Contamination of Maize Grains and Yield Component Traits.
MDPI Journal. pp. 1-11, 2022.

. A. M. Lenart, A. Klimek-kopyra, P. Mateusz, and L. Zea. Morphological and

molecular identification and PCR amplification to determine the toxigenic
potential of Fusarium spp. isolated from maize ears in southern Poland. Journal
of Plant Protection Research. pp. 241-248, 2013. DOI: 10.1007/s12600-012-
0284-7.

. M. Garc, J. Gil-serna, and V. Covadonga. A Comprehensive Study on the

Occurrence of Mycotoxins and Their Producing Fungi during the Maize
Production Cycle in Spain. MDPI Journal. 2020.

. R. A, A. Almaaly. Detecting Contamination with Mycotoxins in Local Maize

Species Used in Food and Feed. Annals of the Romanian Society for Cell
Biology. Vol. 25, no. 6, pp. 10328-10336, 2021.

A. Rabaaoui et al. Phylogeny and Mycotoxin Profile of Pathogenic Fusarium
Species Isolated from Sudden Decline Syndrome and Leaf Wilt Symptoms on
Date Palms ( Phoenix dactylifera ) in Tunisia. MDPI Journal. 2021.

K. Gromadzka. Occurrence of Mycotoxigenic Fusarium Species and
Competitive Fungi on Preharvest Maize Ear Rot in Poland. MDPI Journal.
2019.

E. Castafiares et al. Fusarium species and mycotoxin contamination in maize
in Buenos Aires province, Argentina. European Journal of Plant Pathology.
2019. DOI: 0rg/10.1007/s10658-019-01853-5.

229

13.

14.

15.

16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

R. Véras et al. Delaying harvest for naturally drying maize grain increases the
risk of kernel rot and fumonisin contamination. Tropical Plant Pathology. pp.
452-459, 2018. DOI: 0rg/10.1007/s40858-018-0234-0

D. Czarnecka, A. Czubacka, and A. Trojak-goluch. The Occurrence of Fungal
Diseases in Maize in Organic Farming Versus an Integrated Management
System. MDPI Journal. 2022.

F. Contamination. Genomics of Maize Resistance to Fusarium Ear Rot and
Fumonisin Contamination. MDPI Journal. pp. 1-16, 2020.

. S. Eckard, F. E. Wettstein, H. Forrer, and S. Vogelgsang. Incidence of

Fusarium Species and Mycotoxins in Silage Maize. Toxins. pp. 949-967,
2011, DOI: 10.3390/toxins3080949.

H. Tsehaye and M. B. Brurberg. Natural occurrence of Fusarium species and
fumonisin on maize grains in Natural occurrence of Fusarium species and
fumonisin on maize grains in Ethiopia. Eur. J. Plant Pathol. no. March 2019,
2016. DOI: 10.1007/s10658-016-0987-6.

N. C. Paul. An Efficient Strategy Combining Immunoassays and Molecular
Identification for the Investigation of Fusarium Infections in Ear Rot of
Maize in Guizhou Province, China. Microbe and Virus Interactions with
Plants. ~ Vol. 13, no. March, pp. 1-13, 2022. DOI:
10.3389/fmich.2022.849698.

N. Deepa and M. Y. Sreenivasa. Fusarium verticillioides , a Globally
Important Pathogen of Agriculture and Livestock: A Review. Journal of
Veterinary Medicine and Research. Vol. 4, 2017.
https://www.jscimedcentral.com/VeterinaryMedicine/.

G. Mule, G. Perrone, and A. Moretti. Toxigenic Fusarium species and
mycotoxins associated with head blight in small-grain cereals in Europe.
Myecotoxins in Plant Disease. pp 611-624.

P. Joshi, C. Chauysrinule, W. Mahakarnchanakul, and T. Maneeboon. Multi-
Mycotoxin Contamination , Mold Incidence and Risk Assessment of
Aflatoxin in Maize Kernels Originating from Nepal. MDPI Journal. pp. 258—
277, 2022.

J. Aristil, G. Venturini, G. Maddalena, S. Laura, and A. Spada. Fungal
contamination and a fl atoxin content of maize , moringa and peanut foods
from rural subsistence farms in South Haiti. J. Stored Prod. Res. Vol. 85, p.
101550, 2020. DOI: 10.1016/j.jspr.2019.101550.

M. Jurado and M. Jurado. PCR-based strategy to detect contamination with
mycotoxigenic Fusarium species in maize Related papers. Systematic and
Applied  Microbiology. vol. 29, pp. 681-689, 2006. DOI:
10.1016/j.syapm.2006.01.014.

M. Haidukowski and G. P. Farin. Role of Sesamia nonagrioides and Ostrinia
nubilalis as Vectors of Fusarium spp. and Contribution of Corn Borer-
Resistant Bt. Toxins. pp. 1-16, 2021.
https://doi.org/10.3390/toxins13110780.

B. Carbas et al. Occurrence of Fusarium spp . in Maize Grain Harvested in
Portugal and Accumulation of Related Mycotoxins during Storage. MDPI
Journal. pp. 1-14, 2021.

D. Valentino, E. Portis, A. Moretti, and F. Cardinale. The ITS region as a
taxonomic discriminator between Fusarium verticillioides and Fusarium
proliferatum. British Mycological Sociaty. DOI:
10.1016/j.mycres.2009.07.011. journal homepage:
www.elsevier.com/locate/mycres.

S. C. Chang, D. P. C. Macédo, and N. T. Oliveira. Use of molecular markers
to compare Fusarium verticillioides pathogenic strains isolated from plants
and humans. Genetic and Molecular Research. Vol. 12, no. 3, pp. 2863-2875,
2013. DOI: dx.doi.org/10.4238/2013.August.12.2.

M. D. Campos, M. Patanita, C. Campos, P. Materatski, C. M. R. Varanda,
and |. Brito. Detection and Quantification of Fusarium spp. and
Magnaporthiopsis maydis in Maize Using Real-Time PCR Targeting the ITS
Region. Agronomy. DOI: 10.3390/agronomy9020045.

P. K. Maheshwar, S. A. Moharram, and G. R. Janardhana. DETECTION OF
FUMONISIN PRODUCING FUSARIUM VERTICILLIOIDES IN PADDY (
ORYZA SATIVA L .) USING POLYMERASE CHAIN REACTION ( PCR
). Acta Phytopathologica et Entomologica Hungarica. pp. 134-138, 2009.

A. Susca and G. Mule. A Species-Specific PCR Assay Based on the
Calmodulin Partial Gene for ldentification of Fusarium Verticillioides.
European Journal of Plant Pathology. 110: 495-502, 2004.

N. Deepa, C. R. Adkar-purushothama, and M. Y. Sreenivasa. Nested PCR
Method for Early Detection of Fumonisin Producing Fusarium verticillioides
in Pure Cultures, Cereal Samples and Plant Parts Nested PCR Method for
Early Detection of Fumonisin Producing Fusarium verticillioides in Pure


http://passer.garmian.edu.krd/

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

Kakakhan et. al Passer 5 (Issue 2) (2023) 224-230

Cultures, Cereal. Food Biotechnology. Vol. 5436, no. March, 2016. DOI:
10.1080/08905436.2015.1129502.

T. Major, F. Species, C. Maize, and K. Rot. The Major Fusarium Species
Causing Maize Ear. MDPI Journal. pp. 1-14, 2018. DOI:
10.3390/toxins10020090.

V. Rahjoo et al. MORPHOLOGICAL AND MOLECULAR
IDENTIFICATION OF FUSARIUM ISOLATED FROM MAIZE EARS IN
IRAN. Journal of Plant Pathology. Vol. 90, pp. 463-468, 2008.

S. El-rabbat, O. El-maghraby, S. El-debaiky, and A. Haider. Isolation and
Molecular Identification of Fusarium Species from Some Cereal Grains and
Their Products in Egypt. International Journal of Innovative Science,
Engineering & Technology. Vol. 5, no. 2, 2018.

W. Inyawilert, O. Jadpram, and A. Wonangkarn. Isolation and Identification
of Seed - Borne Fungi of Maize Grains from Cultivated in Phitsanulok
Province , Thailand. Naresuan Agriculture Journal. Vol. 17, no. 1, pp. 38-47,
2020.

K. Ahmed and M. Shekhany. Isolation and genotyping of Candida albicans
involved in vaginal candidiasis among pregnant women in Sulaymaniyah and
Erbil cities. Zanco J. Med. Sci. Vol. 25, no. 1, pp. 493-502, 2021.

O. N. Matny, S. Chakraborty, F. Obanar, and A. Rakib. Molecular
identification of Fusarium spp causing crown rot and head blight on winter
wheat in Irag Molecular identification of Fusarium spp causing crown rot and
head blight on winter wheat in Irag. no. January. Journal of Agricultural
Technology 2012. DOI: 10.13140/RG.2.2.26012.18565.

R. Sameem. Application of PCR for the Detection of Universal Fungi in
Infant Food Products Sold in Sri Lanka. International Journal of Scientific
and Research Publications. Vol. 8, no. 6, pp. 527-542, 2018. DOI:
10.29322/1JSRP.8.6.2018.p7814.

K. Chehri, B. Salleh, T. Yli-Mattila, K. R. N. Reddy, and S. Abbasi.
Molecular characterization of pathogenic Fusarium species in cucurbit plants
from Kermanshah province, Iran. Saudi J. Biol. Sci. vol. 18, no. 4, pp. 341
351, 2011. DOI: 10.1016/j.sjbs.2011.01.007.

K. A. Abd-elsalam et al. PCR identification of Fusarium genus based on
nuclear ribosomal-DNA sequence data. African Journal of Biotechnology .
Vol. 2, no. April, pp. 82-85, 2003.

A. N. I. Widiastuti, M. L. Karlina, K. R. Dhanti, Y. D. W. I. Chinta, T. R. I.
Joko, and A. Wibowo. Morphological and molecular identification of
Fusarium spp. isolated from maize kernels in Java and Lombok , Indonesia.
Biodiversitas Journal of Biological Diversity. VVol. 21, no. 6, pp. 2741-2750,
2020. DOI: 10.13057/biodiv/d210650.

M. Aiyaz et al. Molecular Diversity of Seed-borne Fusarium Species
Associated with Maize in India. pp. PMID Journal. 132-144, 2016. DOI:
10.2174/1389202917666151116213056.

I. M. Singha, Y. Kakoty, B. G. Unni, J. Das, and M. C. Kalita. Identification
and characterization of Fusarium sp. using ITS and RAPD causing Fusarium
wilt of tomato isolated from Assam, North East India. J. Genet. Eng.
Biotechnol.  Vol. 14, no. 1, pp. 99-105, 2016. DOL:
10.1016/j.jgeb.2016.07.001.

K. Tamura and M. Nei. Estimation of the number of nucleotide substitutions
in the control region of mitochondrial DNA in humans and chimpanzees. Mol.
Biol. Evol. Vol. 10, no. 3, pp. 512-526, 1993. DOI:
10.1093/oxfordjournals.molbev.a040023.

S. Kumar, G. Stecher, and K. Tamura. “MEGA7: Molecular Evolutionary
Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol. Evol. Vol. 33,
no. 7, pp. 1870-1874, 2016. DOI: 10.1093/MOLBEV/MSW054.

230


http://passer.garmian.edu.krd/

