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ABSTRACT

Fusarium verticillioides (teleomorph:Gibberella moniliformis = G. fujikuroi mating population A) is a common
fungal pathogen of maize and rice crops worldwkdengal phytopathogens are cause of many plantas#seand
much loss of crop yields, especially in tropicatlaubtropical regions [2]. All Isolates from infedtcorn samples
were determined by specific primers but none of igwates collected from infected rice were detesdi by
specific primers (which were designed for corn ased) ag-. verticillioides. They were identified according to
mating type (applying standard isolates). Resudtierdnined that 6 out of 14 rice isolates were ditarezed as
MAT1, while the others werBIAT2. Additionally, all the isolates were reconfirmesing morphological analysis.
Rep-PCR was used to determine genetic diversibasolates of-. verticillioides from infected ears and stems of
Zea maize andOryzae sativa from different corn and rice producing areas ahlrReproducing genomic fingerprints
was done by amplifying each strain according to PORentero bacterial repetitive intergenic conasn&RIC)
and BOX sequences. Corresponding conserve regetitament motifs in the genomes of diverse badtepecies
were used to comparg. verticillioides isolates in rice and corn. In total, all 55 isektwere evaluated and
comparisons were shown as a dendrogram producednbyWPGMA cluster analysis based on the Jaccard’s
similarity coefficient. Fifty-five isolates weredded into 43 groups determined as 3 groups withddviduals, 6
groups with 2 individuals and 34 groups form a Enmember in 65% similarity. Results suggested that
verticillioides isolates from rice and corn are genetically ddfer It is possible that they belong to tf@ma
specials. Cluster analysis shows that Rep-PCR is a conmenigd rapid method for analysis of genetic divgrand
strain differentiation inF. verticillioides. Universal primers theoretically anneal to interigetarget sites that are
randomly dispersed in genomes and provide ampgiificaf different length fragments.
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INTRODUCTION
Fusarium verticillioides (Saccardo) Nirenberg (teleomorgBibberella moniliformis Wineland =G. fujikuroi mating
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population A) is a major pathogen affecting of carops worldwide [15,16] and is the most frequem#ported
Fusarium species in corn [10]. Fusarium ear rot is the numsttructive disease caused Fyverticillioides. The
pathogen can cause stand reduction and poor kguaéty and poses a potential threat to human aimdal health
from mycotoxins such as moniliformin, fusarin C,sséwic acid and fumonisin produced by the fungus [3]
Standardized methods for documenting diversity distribution have been lacking[17]. Repetitive DNbased
fingerprinting methods are commonly known as RefRPThis method relies on the amplification of gemom
sequences between the repetitive elements consérvprbkaryotes including repetitive extragenicipatomic
(REP), enterobacterial repetitive intergenic cossen (ERIC) and BOX elements [19]. Universal primers
theoretically anneal to the intergenic target siteat are randomly dispersed in genomes and prothée
amplification of different lengths of fragments. jRePCR amplifications are widespread in plant pgdimoc
bacteria and only tested in fungal straindgbergillus fumigatug[1], Fusarium oxysporum[4], Tilletia species [12],
Fusarium solani[8]and Fusarium culmorum[6]. Presently, there is no frequent use of Rep-RE&Renotyping of
plant pathogenic fungi. The objective of this reshavas to test Rep-PCR as a rapid and cost-eféeatiethod in
the production of isolates associated with outlbseskdisease. A research showed thatrderobacterial repetitive
intergenic consensus PCR (ERIC- PCR) and PCR ctstrifragment length polymorphism (PCR-RFLP) were
useful methods for genotypirigusariumisolate [5].

MATERIALS AND METHODS

Isolation and storage of isolates

Fusariumverticillioides strains were obtained from the fungal collectidntiee laboratory for plant pathology,
University of Tehran. These strains had been isdl&iom infected ears and stems of catea(mays L.) from fields
located in the main maize growing areas of Iran].[IT®e other 14 isolates were isolated fr@nyzae sativa
obtained from provinces of Mazandaran and Gilan fAg two most important rice producing areas ianir
Sampling sites of these accessions are shown ite Tlab-ungal cultures were transferred into theoBalod broth
(peptone — glucose 1:4) and incubated in a darkliton for 6-7 days at 24°C. When they reachedsitsfied
growth state, mycelium was filtered through WhatnhNm1 filter paper and turned to powder by liquitrogen.
All of the monoconidial isolates were tested usspgcific species primers (that had been designecbim isolates)
for F.verticillioide. However, rice isolates did not show any interactigtn the primers (as it was mentioned the
primers were made for corn isolates). So, they vigeatified according to mating type test (applyistgndard
isolates). The standard sexual crosses were camiealccording to the method cited by [9].

Crossing and mating type

In this study, isolates were single-spored befaigiin sexual crosses. In addition, assay wasategdetwice.
Tester female strains were inoculated on carrot é§a) plates and thé&usarium isolates (male strains) were
inoculated on complete medium (CA) and incubate2b8€ for 7 days. After incubation, mycelia fromlenatrains
were suspended in 1.5 ml 0.25% Tween 60 solutiah spread on the surface of a CA plate that wasadyre
colonized by a tester strain of mycelium. The fiedd plates were incubated at 27°C and checkezktaiweek for
2 months to observe production of perithe€iasarium isolates were cultured as single conidia and trersferred
to carnation leaf agar (CLA) and potato dextrosar §gDA) plates. After that, plates were incubatétth a 12/12 h
photoperiod under cold white and black light flusoent lamps [11].

Extraction genomic DNAs from fungal mycelium
Genomic DNAs were extracted and purified usingfést DNA kit (Pr881609, Cinna pure, Iran).

Quantification of extracted DNAs
The resulting DNA was quantified with the Nanodsmt.

Polymerase chain reaction (PCR) to identified F.verticillioidesisolates
Each strain was identified by species specific pre1[14]. VER1 (5- CTTCCTGCGATGTTTCTCC-3) VER2 (5-
AAT TGG CCA TTG GTA TTA TAT ATC TA-3).

PCR condition

VER - PCR was performed in a volume of 50 pul cantey 20mM Tris - HCL (PH 8), 50mM Kcl, 2mM MgCI2,
200uM concentration of the VER primers VER-1 andRYE, 10 ng of genomic DNA, and 2.5U of Taq polynsera
The following PCR condition were used with a mo2400 thermo cycler (Perkin-Elmer, Norwalk, conngTPCR
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parameters were: 35 cycles of denaturation at $°Cmin, 1min at 56°C, annealing at 72°C for 1 ram a final
extension at 72°C for 7 min.

ERIC-PCR and BOX-PCR

ERIC-1 and ERIC-2 primers have been described Rifiherprints were assigned to each different tgmmy band
that was observed. The protocol recommended byntdeufacturer, was followed using the alternativetqurol for
maximum yield. Rep-PCR primers were ERIC 1[12](5FATAA GCT CCT GGG GAT TCA C -3), ERIC 2(5-
AAG TAA GTG ACT GGG GTG AGC G) and BOX-AIR (Mc Dolthet al., 2000) (5- CTA CGG CAA GGC
GAC GCT GAC G -3) for BOX-PCR.

PCR condition

ERIC-PCR was performed in a volume of 50 ul corntegjr2OmM Tris - HCL (PH 8), 50mM Kcl, 2mM Mggl
200puM concentration of the ERIC primers ERIC-1 a@RIC-2, 10 ng of genomic DNA, and 2.5U @fq
polymerase. The following PCR condition were usedthwa model 2400 thermo cycler (Perkin-Elmer, Ndkya
conn).The PCR parameters were: 40 cycles of deatainrat 94°C for 1min, 1min at 36°C, annealing28C for 2
min and a final extension at 72°C for 15 min. BCR mix was contained 100 ng genomic DNA, 0.2 mreawh
dNTP, 50 pmol of each primers, 1U of Taq DNA polyase (Takara), 2.5 Il of 10 Ex-Taq Buffer free #¥ignd 3
mm MgCh in 25 ml of total volume. The following PCR coridits were used with a model 2400 thermocycler
(Perkin-Elmer, Norwalk, conn ). 30 cycles of demation at 94°C for 1 min, 1min at 52°C, annealib§%2C for 8
min and a final extension at 65°C for 16 min. Arfiptl products were resolved by electrophoresisigibtorate -
EDTA buffer with a 10% (wt/vol) polyacrylamide gelectrophoresis (PAGE), stained with ethidium benior

30 min and photographed under UV light using thé dgcumentation system (Bio Rad, USA). An amplisize
molecular ruler 50- to 2,000-bp ladder (Bio-Radrd&dona, Spain) was loaded twice in each gel. E&IG@ BOX
analyses were repeated once and only reproduciplésbwere scored.

Band scoring and data analysis

ERIC-PCR and BOX-PCR bands were scored as presgrdr(absent (0). Data analysis was performed by an
UPGMA cluster analysis based on the Jaccard’s aiityil coefficient. Reactions were carried out thtieees to
confirm reproducibility.

RESULTS

All 55 F. verticillioides isolates obtained from corn and rice were recordd with specific species primers
(showing a 0.58 kb monomorphic band) and a maiipg test. In the present study, 12 isolateB.oferticillioides
isolated from rice were cross-fertilized with tesstrains of the mating population &.(moniliformis). Results
showed that 12 out of 14 isolates were cross-fewtith tester strains of the mating population AsRts also
determined that 6 out of 12 rice isolates were attarized adIAT1, while the others werBIAT2. Corresponding
conserve repetitive element motifs in the genomésdiverse bacterial species were used to compare
verticillioides isolates in rice and corn. In total all 55 isotatere evaluated and compared in a dendrogram
produced by an UPGMA cluster analysis based odé&leeard’s similarity coefficient. Cluster analysimwed that
the isolates were divided into two groups with 7@¥nilarity based on their host. Both monomorphia an
polymorphic banding patterns were obtained in RER® The 55 types comprised 43 different groupse Th
fingerprints obtained from ERIC-PCR comprised 3 foamplification bands of rice isolates and 3-8dsaaf corn
isolates ranging in size from 0.2 to 3 kb and 0.2.6 kb respectively (Fig. 2.b, c). Forty-one grewvere obtained
with 55 isolates (Table 1). Likewise, the fingerprobtained with BOX-PCR comprised, 3-8 bands o iisolates
and 3-12 bands of corn isolates ranging in sizenffb2 to 1.2 kb and 0.35 to 3 kb respectively (E. ). These
results confirmed the expected genetic differermsveenk. verticillioides obtained from rice and corn isolates.
Results showed that rice isolates are totally sgpdrom corn isolates as they remained on to@fdendrogram.
The 55 isolates comprising of 43 different profilead approximately 65% similarity. The rice andrcéungal
isolates included 10 and 33 genetic groups resfagtiAs mentioned above, these 55 isolates wefideli into 43
groups with 3 individuals, six groups that includedéhdividuals and 34 isolates that formed a simgmber with
65% similarity. In general, the rice fungal isolemonstrated genetic diversity compared withctira isolates.
Additionally, the standard isolate obtained fronuthoAfrica was totally different from the other iates.
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Table 1. Origin and genetic characteristics ofFusarium verticilllioides species from rice and corn in Iran

Isolate Origin Host Responseto VERL/2 Mating type
Z1 Semnan Zea mays + -
z2 Semnan Zea mays + -
Z3 Semnan Zea mays + -
Z4 Semnan Zea mays + -
z5 Semnan Zea mays + -
Z6 Golestan Zea mays + -
z7 Golestan Zea mays + -
Z8 Golestan Zea mays + -
Z9 Golestan Zea mays + -
Z10 Golestan Zea mays + -
711 Golestan Zea mays + -
Z12 Tehran Zea mays + -
Z13 Tehran Zea mays + -
714 Tehran Zea mays + -
Z15 Tehran Zea mays + -
716 Tehran Zea mays + -
717 Tehran Zea mays + -
718 Tehran Zea mays + -
Z19 Tehran Zea mays + -
720 Khouzestan Zea mays + -
Z21 Khouzestan Zea mays + -
722 Khouzestan Zea mays + -
723 Khouzestan Zea mays + -
224 Khouzestan Zea mays + -
Z25 Khouzestan Zea mays + -
726 Khouzestan Zea mays + -
227 Kermanshah Zea mays + -
728 Kermanshah Zea mays + -
729 Kermanshah Zea mays + -
Z30 Kermanshah Zea mays + -
Z31 Kermanshah Zea mays + -
z32 Isfahan Zea mays + -
733 Isfahan Zea mays + -
734 Isfahan Zea mays + -
Z35 Isfahan Zea mays + -
736 Isfahan Zea mays + -
z37 Isfahan Zea mays + -
Z38 Mazandaran Zea mays + -
Z39 Fars Zea mays + -
740 Fars Zea mays + -
Z41 South Africa Zea mays + -

o1 Mazandaran Oryzae sativa - MAT2
o2 Mazandaran Oryzae sativa - -
o3 Mazandaran Oryzae sativa - MAT2
o4 Mazandaran Oryzae sativa - -
05 Mazandaran Oryzae sativa - MAT1
06 Gilan Oryzae sativa - MAT1
o7 Gilan Oryzae sativa - MAT2
08 Gilan Oryzae sativa - MAT1
09 Gilan Oryzae sativa - MAT2
010 Gilan Oryzae sativa - MAT1
011 Gilan Oryzae sativa - MAT2
012 Gilan Oryzae sativa - MAT1
013 Gilan Oryzae sativa - MAT1
014 Gilan Oryzae sativa - MAT1
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Fig. 1. (a) Specific speciesPCR (verl/2).(b,c) enterobacterial repetitive integenic consensus (ERIC).(d,e) b- PCR fingerprinting
pattern of F. verticillioides. M: 1Kb DNA ladder (fermentase), N:(negative contol).

94
Pelagia Research Library



Maryam Karimi Dehkordi et al Euro. J. Exp. Bio., 2013, 3(1):90-96

Figure 2. Dendrogram was generated using weightedajy group method with arithmetical averages(UPGMA)and jaccard’s coefficint

of F. verticillioidesisolates.
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Fig. 3.three dimentional plots, showing the genetisimilarity derived from enterobacteria repetitive intergenic consensus ERIC) anc
BOX-PCR profiles of F. verticillioidesisolates.
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DISCUSSION

This study shows that the host is an importantofait terms of dividing isolates into two differegtoups. This
study evaluated two populations efverticillioides from two different hosts for genetic variation asessed with
Rep-PCR. Genetic diversity was found to be high ¥66which could be maintained if sexual recombioratis
occurring within these populations. Such resultthase are key to determining the epidemiologyhef pathogen.
No difference was observed between environmental eorneal isolate ofF. Verticillioides. This study
demonstrated a high diversity Bf verticillioides that caused Fusarium ear rot with a few exceptionk/ those
isolates collected from the same locations shanedsame genotype. ERIC-PCR and BOX-PCR techniques a
commonly used for determining types of bacteria areloccasionally used for fungi, they were foumd¢ more
discriminatory than other methods. This method ®las fast and easy to perform. Combining the resflthese
two techniques shows that the isolates of infedtmhad a different genotype and results alsoicoefl that all of
the isolates from same location yielded from a sigegenotype. These results show that Rep-PCRsis a very
convenient method for the identification of isolapeecific fingerprints and suitable for phylogenetnalysis inF.
verticillioides. The origin of intraspecific variation in Rep-P@Ra result of different copy numbers repetitive HN
in bacterial genomes. However, a research was texpthrat universal primers may not bind to inteigamonserved
elements in bacteria [20] , this implies the indiéé of amplification variety size of a fungal fieigrint could be
obtained in the case of using only 52°C anneakmgperature. In this work, it is indicated that thedom process
of priming in terms of fingerprints was reprodueibh terms of molecular markers. It is necessarghtaracterize
intergenic repetitive sequences in Fusarium gendmexplain the nature of fungal Rep-PCR. The Hdglersity
between strains could be associated with mutatigerimering sites, re-arrangement of chromosal segsnor of a
recombination process in fungal genomes [13]. Thithod is convenient and rapid for strain iderdifien and
genetic diversity analyses in verticillioides populations that are widespread in corn and rieeding areas.
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