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n INTRODUCTION

The Fusarium species is one of the most import-
ant fungal groups with relevance in the fields 

of medical, agricultural, and veterinary science 
[1]. Fusarium infections have emerged over the 
past decades as an important cause of oppor-
tunistic infections in humans [2]. The Fusarium 
species can cause a wide range of infections in 

humans, including superficial infections (such 
as keratitis, cutaneous lesions, and onychomyco-
sis), chronic-localized infection of the subcutane-
ous tissue (such as mycetoma) and disseminat-
ed infections (such as pneumonia, endocarditis, 
peritonitis, catheter infections, and fungemia) 
[3,4]. The large genus of Fusarium comprises at 
least seven species complexes that include multi-
ple species involved in human and animal infec-
tions. Most of the identified opportunistic Fusar-
ium pathogens belong to Fusarium solani species 
complex (FSSC), the Fusarium oxysporum species 
complex (FOSC), and the Fusarium fujikuroi spe-
cies complex (FFSC) [5,6]. The clinical form of 

Beta-tubulin gene in the 
differentiation of Fusarium species  
by PCR-RFLP analysis
Mohsen Nosratabadi1, Reza Kachuei2, Sassan Rezaie3, Asghar Beigi Harchegani4 
1Department of Medical Parasitology and Mycology, School of Public Health,  
Tehran University of Medical Sciences, Tehran, Iran; 
2Molecular Biology Research Center, Systems Biology and Poisonings Institute,  
Baqiyatallah University of Medical Sciences, Tehran, Iran; 
3Divisions of Molecular Biology, Department of Medical Mycology and Parasitology,  
School of Public Health, Tehran University of Medical Sciences, Tehran, Iran; 
4Chemical Injuries Research Center, Systems Biology and Poisonings Institute,  
Baqiyatallah University of Medical Sciences, Tehran, Iran

Fusarium species belong to one of the most important 
fungal groups in the medical, agricultural, and veteri-
nary fields. This study aimed to evaluate the efficiency 
of PCR-RFLP analysis of the beta (β)-tubulin region for 
differentiating Fusarium species. A total of 107 strains 
of Fusarium spp. were studied, including isolates from 
environmental, clinical, and reference sources. The 
β-tubulin genes of all isolates were successfully ampli-
fied with primer pairs (T1 and T22). A PCR product 
of approximately 1400 base pairs was generated for 
each Fusarium sp. After evaluation of various enzymes, 
three restriction enzymes, namely Ban II, BsaWI, and 
HincII, were selected. Based on the selected enzymes, 
the isolated Fusarium spp. were categorized into 24 

SUMMARY

groups. In this study we were able to identify F. gram-
inearum, F. culmorum, and F. cerealis through the pro-
posed analyses as well as other pathogenically import-
ant species such as F. oxysporum and F. solani. Unlike all 
other similar previous studies, this study was able to 
differentiate among F. graminearum, F. culmorum, and F. 
cerealis. However, we were unable to differentiate F. ar-
meniacum and F. acuminatum or F. sportrichioides from F. 
langsethiae. Hence, it is recommended that other genes 
must be evaluated to overcome the limitations of the 
β-tubulin gene in differentiating the above species.

Keywords: fungi, Fusarium spp., PCR-RFLP, beta-tubulin 
gene.
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Fusarium infections depends upon the immune 
system status of the host and the input pathway 
of the organisms. Disseminated and invasive in-
fections mostly occur among severely immuno-
compromised patients such as those with neu-
tropenic, T-cell immunodeficiency, and organ 
transplantation, while the remaining infections 
primarily affect healthy individuals [7]. Fusari-
um species may cause mycotoxicosis in humans 
and animals following the consumption of food 
contaminated by mycotoxin-producing species. 
These species also cause allergic diseases such as 
sinusitis in individuals with a normal immune 
system [3,8]. 
In various Fusarium species, resistance to dif-
ferent antifungal drugs has emerged, which is a 
serious public health concern. Fusarium strains 
possess a high level of intrinsic antifungal resis-
tance, which makes difficult to treat infections 
they sustain. Fusarium infections are commonly 
resistant to treatment with most of the current-
ly known systemic antifungal agents [9]. Anti-
fungal resistance is associated with a prolonged 
time of infection, increase in mortality, and a 
considerable source of increased healthcare ex-
penditure. The estimated mortality rate for hu-
man patients with systemic Fusarium infections 
is 50-75% [10]. In general, the etiological agents 
of fusariosis differ from each other considering 
the virulence profiles, antifungal susceptibili-
ty, geographic distribution, life cycle, host, and 
mycotoxin production. Hence, the identification 
and differentiation of Fusarium strains at the spe-
cies level are extremely important for medical 
and pathological purposes [11, 12]. 
The current methods for the identification of Fu-
sarium species are mostly based on the morpho-
logical characteristics of fungi, which require tre-
mendous effort and expertise. In addition, these 
methods are disadvantaged because of different 
fungal species with similar morphologies. Mo-
lecular methods such as PCR are sensitive, fast, 
accurate, and reliable for the identification of 
Fusarium strains up to the species level [13]. Fu-
sarium is one of the most heterogeneous fungal 
genera, and the classification of species within 
this genus is extremely difficult. Specific primers 
can identify only one and a maximum of three 
species by multiplex-PCR, and, for the differ-
entiation of more species, it is necessary to use 
PCR-restriction fragment length polymorphism 

(PCR-RFLP) assay. In our previous experience 
with ITS-RFLP technique, we noted some cases 
of a mismatch between the results of the software 
analysis and those of agarose gel electrophoresis. 
On the other hand, we noted no intra-species sta-
bility in some cases [1]. 
In the current study, the beta(β)-tubulin gene 
was used to identify and differentiate among 
Fusarium species. β-tubulin gene encodes for the 
structural proteins of microtubules and other 
structural components in eukaryotes. The aim 
of this study was to evaluate β-tubulin gene for 
the identification and differentiation of Fusarium 
species by PCR-RFLP.

n MATERIALS AND METHODS

Fungal isolates
A total of 107 fungal strains were analyzed in this 
study, including 26 reference strains and 81 iso-
lates [5 clinical (3 strains of F. solani and 2 strains 
of F. oxysporum) and 76 environmental strains] 
(Table 1). The environmental strains were isolated 
from cereals collected across Iran [14]. All isolates 
were identified on the basis of their morphologies 
in accordance with Leslie & Summerell and by 
using molecular techniques given in our previous 
study [1,15].

DNA extraction
The phenol-chloroform method was used to ex-
tract DNA, according to the method of Kachuei et 
al. [14]. The quality and quantity of the extracted 
DNA were evaluated by electrophoresis and by 
using NanoDrop, respectively.

PCR amplification
β-tubulin gene was partially amplified with T1 
and T22 as forward and reverse primers, respec-
tively [16]. 
Gene amplification was performed in a total vol-
ume of 25 μL, with each tube containing 12.5 µL 
of the master mix (Ampliqon, Denmark) (buffer, 
dNTP, Taq DNA polymerase, 2 mM MgCl2), 0.5 
μL of the template DNA, 1 µL of each primer 
(Cinaclone, Iran) T1, namely 5’-AACATGCGT-
GAGATTGTAAGT-3’ and T22: 5’-TCTGGAT-
GTTGTTGGGAATCC-3’ (20 pmol final concen-
tration of each primer), and 10 μL of distilled 
water. The PCR conditions used included pre-in-
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cubation at 94oC for 5 min, followed by ampli-
fication for 35 cycles, including denaturation at 
94oC for 30 s, annealing at 60oC for 45 s, exten-
sion at 72oC for 80 s, and a final extension step 
of 7 min at 72oC. Amplicons were visualized by 
electrophoresis on 1% agarose gels using the 
SYBR safe stain.

PCR-RFLP analysis
The β-tubulin sequences (T1-T22) of diverse Fusar-
ium species obtained from the DDBJ/EMBL/Gen-
Bank databases were aligned by the MEGA6 soft-
ware. The restriction patterns of the PCR products 
of the species mentioned above were predicted 

for each of the known restriction enzymes by us-
ing the Webcutter online software. The predicted 
restriction fragments were compared for choos-
ing the best discrimination. Finally, the enzymes 
MspI, HhaI, TaqI, and FaqI were selected (Table 
2). The digestion reaction was performed by incu-
bating 5 µL of the PCR product with 0.5 µL (2.5 U) 
restriction enzyme (New England Biolabs, Enzy-
nomics), 1.5 µL 10X reaction buffer, and 8 µL ster-
ile distilled water in a final reaction volume of 15 
μL at 37 °C for 2 h. The restriction fragments were 
separated by 2% agarose gel electrophoresis with 
TBE buffer for 50 min at 90 V and stained by using 
the safe stain.

Table 1 - Fusarium reference strains and the Iranian isolates used in this study.

Fusarium species Reference strains Iranian isolates Total

F. acuminatum MRC 3231, MRC 8374 - 2

F. avenaceum MRC 8381 - 1

F. babinda - 1 1

F. chlamydosporum - 1 1

F. compactum - 8 8

F. culmorum - 2 2

F. dlamini - 1 1

F. graminearum MRC 4712, MRC 6010 20 22

F. heterosporum - 2 2

F. langsethiae 03571, 0113 - 2

F. nygamai MRC 8547 7 8

F. oxysporum - 3 3

F. poae MRC 8485, MRC 8486 - 2

F. proliferatum MRC 8549, MRC 8550 12 14

F. pseudograminearum MRC 8443 1 2

F. pseudonygamai MRC 8557 1 2

F. sibiricum NRRL2 53423, NRRL 53430 1 3

F. solani - 3 3

F. sporotrichioides VTT3-D-72014, BBA4 10329, MRC5 4333, MRC 0043 - 4

F. subglutinans MRC 8553, MRC 8554 8 10

F. thapsinum MRC 2800 - 1

F. tricinctum - 2 2

F. verticellioides MRC 8559, MRC 8560, MRC 0826 7 10

F. xylarioides - 1 1

Total 26 81 107

1Finlandian isolate; 2NRRL: Northern Regional Research Laboratory; 3VTT: VTT Culture Collection of Finland, 4BBA: Culture Collection of Germany, 
5MRC: Mycological Research Center of South Africa.
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n RESULTS 

The size of the amplified PCR products was esti-
mated to be 1400 bp with the T1 and T22 primers 
(Figure 1). The size of β-tubulin gene PCR prod-
ucts from several Fusarium species was deter-
mined in accordance with the GenBank/EMBL 
data library and previous unpublished studies 
(Table 2) [17]. 
The selected enzymes included BanII, BsawI, 
and HincII, which were used for the differenti-
ation of Fusarium species. These enzymes create 
specific DNA fragments at different cutting sites 
for all Fusarium species (Table 3). However, this 
pattern showed complete resemblance in some 
cases, that is, it did not help in differentiating 
among the species. The patterns and the estimat-
ed sizes of the restriction fragments that generat-
ed three restriction enzymes (BanII, BsawI, and 
HincII) revealed that HincII enzyme showed 7 
patterns (A-G), BanII enzyme, 9 patterns (A-I), 
and the highest number of patterns (n=11) that 
were obtained with the BsawI enzyme. The se-
lected enzymes divided the Fusarium species 
into 24 groups (Table 4). 
In this study, we identified pathogenically im-
portant species such as F. oxysporum and F. solani. 
In addition, our study indicates the ability of the 
differentiation of three species of F. graminearum, 
F. culmorum, and F. cerealis from each other. Fig-
ures 2 and 3 demonstrate the restriction patterns 
of the PCR-amplified β-tubulin region of Fusar-
ium strains digested with the HincII and BanII 
enzymes.

Table 2 - The size of β-tubulin gene PCR products 
from different Fusarium species according to the 
GenBank/EMBL data library and previous unpublished 
studies. 

EMBL 
accession no.

Size of PCR 
product (bp)

Species

GQ9154351310F. armeniacum

KM0620251342F. asiaticum

GQ9154391321F. cerealis

GQ9154401321F. culmorum

EU9262921448F. dimerum

KM3739251342F. graminearum

-214001F. graminearum

KC9641521349F. kyushuens

-214001F. langsethiae

KT3238311383F. oxysporum

GQ9154451347F. poae

KC9641491384F. proliferatum

JN8622311391F. pseudograminearum

AF4841661356F. sambucinum

-214001F. sibiricum

GQ9154481352F. sporotrichioides

-214001F. sporotrichioides

KC9641431383F. subglutinans

GQ9154491376F. venenatum

KC9641461389F. verticellioides

1Approximately 1400bp; 2Related to previous study [Shirzad et al., 
2013, (Reference No. 17)].

Figure 1 - Agarose gel electropho-
resis of β-tubulin PCR products 
obtained from different Fusarium 
species. M: 100 bp molecular size 
marker, Lane 1: F. avenaceum MRC 
8381, Lane 2: negative control, Lane 
3: F. sibiricum (isolated from Iran), 
Lane 4: F. langsethiae 0357, Lane 5: 
F. langsethiae 0113, Lane 6: F. sibiri-
cum NRRL53423, Lane 7: F. sibiricum 
NRRL53430, Lane 8: F. sporotrichi-
oides BBA10329, Lane 9: F. sporotri-
chioides MRC4333, Lane10: F. spo-
rotrichioides MRC0043, Lane 11: F. 
sporotrichioides VTT-D–72014, Lane 
12: F. poae MRC8486, Lane 13: F. poae 
MRC8485, Lane 14: F. graminearum 
MRC6010.
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Table 3 - The band Patterns (A to K) and their estimated restriction fragment sizes (base pairs) obtained from 
β-tubulin digestions.

Band Pattern
Enzyme

HincII BsaWI Ban II

A 690,635 1110,215 820,510

B 635,425,260 865,245,215 820,370,135

C 635,425,160,100 780,380,210 560, 470, 320

D 620,425,210,100 745,245,220,120 530,470,360

E 520,430,260,120 650,360,200,145 535,495,210,125

F 485,425,210,140,100 600,365,215,145 510,335,320,160

G 425,260,120 600,265,245,215 480,370,335,135

H 600,245,215,145,120 480,335,310,130

I 570,400,275,145 375,335,320,160,130

J 535,325,245,215

K 375,365,275,200,145

Table 4 - The band Patterns (A to K) of different Fusarium species according to the GenBank/EMBL data library and 
restriction analysis of PCR-amplified β-tubulin region from the studied Fusarium isolates.

 Species name 
Enzyme

HincII BsaWI Ban II Type

F. incarnatum G F H GFH

F. solani D I C DIC

F. pseudograminearum B G I BGI

F. venenatum B F B BFB

F. avenaceum D C E DCE

F. verticellioides F K A FKA

F. sporotrichioides, F. langsethiae A H H AHH

F. camptocera C H H CHH

F. equiseti E H H EHH

F. acuminatum, F. armeniacum A H G AHG

F. kyushuense B H A BHA

F. cerealis B B F BBF

F. culmorum B A I BAI

F. graminearum B E I BEI

F. boothi B J I BJI

F. cortaderia A B H ABH

F. poae B H B AHB

F. sambucinum B D B BDB

F. lactis D K F DKF

F. musae F K A FKA

F. proliferatum, F. tupiense, Gibberella fujikuroi D K D DKD

F. nygamai D K H DKH

F. oxysporum D E D DED

F. longipes C H B CHB
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n DISCUSSION AND CONCLUSION

Fusarium strains possess high levels of intrinsic 
antifungal resistance, and their infections are 
usually resistant to the treatment with most of the 
conventional antifungal drugs [9]. Identification 
of Fusarium genus at the species level using clas-
sical techniques, such as morphological methods, 
is difficult. Rapid molecular approaches, such as 
PCR, DNA microarray, and DNA hybridization 
have been developed to eliminate restrictions on 
conventional techniques [13,18,19]. The differen-
tiation of Fusarium at the species level is neces-
sary for pathological, biological, epidemiologi-
cal, and toxicological purposes [20]. Until date, a 
variety of targets have been employed for DNA-
based identification of Fusarium species. The use 
of DNA diversity in the ribosomal regions such 
as internal transcribed spacer (ITS), intergenic 
spacer (IGS) regions, elongation factor-1α (EF-
1α), calmodulin (CAM), RNA polymerase II sec-
ond-largest subunit (RPB2), 28S rRNA gene, and 
biosynthetic pathway genes of mycotoxins has 
been proposed as targets to identify Fusarium at 

the species level by performing PCR amplifica-
tion [20-26]. Following the amplification process, 
methods such as DNA probe hybridization, DNA 
sequencing analysis, and restriction fragment 
length polymorphism (RFLP) were performed to 
eliminate the need for the identification of sever-
al cultures [23,27-30]. The majority of these meth-
ods target the nuclear ribosomal internal tran-
scribed spacer (ITS) region [1,20,31,32]. Several 
advantages make the ITS region an appropriate 
target for differentiation purposes. This region is 
relatively conserved within several species and 
yields sufficient taxonomic resolution for most 
fungi. Nevertheless, there are some disadvan-
tages associated with the use for the ITS region, 
including insufficient variability to distinguish 
various species in the Fusarium species complex-
es [20]. Kachuei et al. evaluated ITS rDNA gene 
to differentiate among Fusarium species [1]. In 
their study, four endonuclease enzymes, namely, 
HhaI, MspI, TaqI, and FaqI, divided the Fusarium 
species into 33 groups [1]. Mirhendi et al. ana-
lyzed ITS1-5 8SrDNA-ITS2 sequences of various 
Fusarium species and designed a PCR-restriction 

Figure 3 - Restriction pattern of PCR-amplified β-tu-
bulin region of Fusarium strains digested with BanII. 
M: 100 bp marker. Pattern A: Lane 1, 2: F. verticellioides 
MRC 0826, MRC 8559. Pattern D: Lane 3, 4: F. prolifera-
tum MRC 8550, F. subglutinans MRC 8553. The pattern I: 
Lane 5: F. thapsinum MRC 6251.

Figure 2 - The restriction pattern of PCR-amplified 
β-tubulin region of Fusarium strains digested with 
HincII. M: 100 bp marker. Pattern A: Lane 1: F. sporotri-
chioides BBA10329. Pattern B: Lane 2: F. graminearum 
MRC 4712. Pattern D: Lane 3: F. avenaceum MRC 8381. 
Pattern E: Lane 6: F. equiseti, Iranian isolate. Pattern F: 
Lane 4, 5: F. verticellioides MRC 8560, MRC 0826.
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enzyme system for the identification of Fusarium 
species and strains [20]. The authors stated that 
the ITS-PCR-RFLP method may be useful for the 
preliminary differentiation and typing of most 
common Fusarium species [20]. Zarrin et al. an-
alyzed the rDNA internal transcribed spacer re-
gion of the Fusarium species by PCR-RFLP anal-
ysis [31]. In their study, five species of Fusarium, 
including F. solani, F. oxysporum, F. verticillioides, 
F. proliferatum, and F. fujikuroi, were divided into 
five RFLP types [31]. Young-Mi et al. identified 
12 species of Fusarium including F. solani, F. nyg-
amai, F. oxysporum, F. equiseti, F. pallidoroseum, 
and F. proliferatum with ITS1 and ITS4 primers 
and seven restriction enzymes [32]. In the pres-
ent study, we applied PCR-RFLP to evaluate the 
potential and applicable utility of β-tubulin gene 
for distinction among the Fusarium species. BT2 
protein-encoding gene has been widely used in 
fungal phylogenetic analysis because it contains 
both variable and highly conserved regions, and 
it is expected to have more stability and reli-
ability in the differentiation of Fusarium species 
as compared with the ITS gene [33]. To the best 
of our knowledge, no comprehensive data have 
been published about the use of β-tubulin gene 
in the differentiation of Fusarium species by PCR-
RFLP. Nasri et al. applied the β-tubulin gene for 
the identification of important species of Asper-
gillus [34]. In their survey, the PCR-RFLP meth-
od generated unique patterns for six Aspergillus 
species. Mirhendi et al. conducted a PCR-RFLP 
assay on β-tubulin gene so as to evaluate the ef-
ficacy of this marker for the differentiation of 
pathogenic dermatophytes [35]. In our previous 
study on the ITS region, the bioinformatic data in 
some cases did not match with those of practical 
tests conducted in the laboratory; for example, 
we found that the ITS gene in some species such 
as F. verticellioides induces interspecies differenc-
es, which indicates the weakness of the ITS gene 
in the identification of Fusarium species [1]. In 
the current study, none of the above-mentioned 
interspecies differences were noted, which indi-
cates the superiority of β-tubulin gene in the iden-
tification of Fusarium species as compared to that 
with the ITS gene. However, a discrepancy was 
noted between the data for β-tubulin gene from 
bioinformatics and other methods in some cases. 
The protocol introduced in this study well differ-
entiated important pathogenic species such as F. 

oxysporum and F. solani from each other. F. oxys-
porum and F. solani are the main causes of super-
ficial and systemic infections in humans [36,37]. 
Our study, unlike previous ones, demonstrated 
the ability of differentiation among F. gramin-
earum, F. culmorum, and F. cerealis. Other studies 
on the IGS gene and the TEF-1α sequence could 
also differentiate F. culmorum from F. graminearum 
and F. cerealis [38]. These three species are among 
the most important trichothecene mycotoxin-pro-
ducing species of group B, including deoxyniva-
lenol (DON) and nivalenol (NIV), and are more 
common in the central Europe, North America, 
and Asia [39]. However, our study failed to dif-
ferentiate between F. armeniacum and F. acumina-
tum as well as among Fusarium species belonging 
to the Sporotrichelia section. Although F. sporo-
trichioides could be differentiated from F. poae, F. 
sporotrichioides could not be differentiated from F. 
langsethiae. Our findings emphasize that β-tubulin 
gene is a potential new genetic marker other than 
ITS, with the capability of species differentiation 
of important Fusarium species. However, some 
interspecies differences were noted in some spe-
cies with the use of β-tubulin gene, which can be 
considered as a limitation of this gene for differ-
entiating some species of Fusarium. In the future, 
it is recommended that more focus need be given 
to the genetic regions in the molecular identifi-
cation of Fusarium species using the translation 
elongation factor 1-alpha (TEF-1α) region or the 
RNA polymerase II subunits 1 and 2 (RPB1 and 
RPB2).
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