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IDENTIFICATION AND PHYLOGENETIC ANALYSIS
OF Fusarium sp. FIESC3 THE CAUSAL AGENT
OF SEED ROT IN ONION (Allium cepa L.)

ABSTRACT: Onion (Al/lium cepa L.) is one of the most important vegetable crops in
Serbia, where it is grown on an approximate surface of 20,000 ha. During the routine quality
control analysis of onion seed in 2014, fungal infection was observed in an average of 28%
of the seed. The objective of this paper was to isolate, determine, and identify Fusarium sp.
based on the pathogen’s morphological and molecular characteristics. Onion seed samples
were collected from different localities in the region of Vojvodina. To obtain a DNA se-
quence-based identification, a total DNA of the 25 isolates was extracted directly from the
mycelium (~ 100 mg wet weight), with a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany).
Following DNA extraction, the translation elongation factor 1-alpha region was amplified
by PCR with the primer pair EF1 and EF2. An amplicon of 700 bp was amplified in 25
tested isolates. Identification of one isolate was performed by sequencing the translation
elongation factor EF-Ja gene, which was deposited in the NCBI GenBank database under
accession number KP658211 (Fusarium sp. FIESC3).
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INTRODUCTION

Onion (A/lium cepa L.) is one of the economically most important vegeta-
ble crop in Serbia. During the routine quality control analysis of onion seed in
2014 in Serbia, Fusarium fungal infection was observed on an average of 28%
of the seed. Species of Fusarium oxysporum, F. proliferatum, and F. equiseti
have been described as the most common seed-borne fungi which attack and
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can be transmitted by vegetable seeds. Seed health is a critical component for
a successful crop production, while reduction in seed germination and growing
energy occurres due to seed-borne diseases (Jasni€ et al., 2005). Levi¢ et al.
(2009) indicate that Fusarium species periodically cause significant diseases,
especially wilt of onion, garlic, and tomato, but there is a lack of information
about Fusarium species “associated with onion seed (Allium cepa L.) in Serbia.

The significance of Fusarium basal rot of onion has been increasing in Serbia,

not only in the production of green onion, but also in the production of onion sets
and bulbs (Levic et al., 2009). The most frequent species isolated from onion sets
and seedlings, as well as from the soil in Serbia are Fusarium oxysporum Schlecht.
f. sp. cepae (Hanz) Snyd. & Hans, F. oxysporum, F. moniliforme, F. solani, F.
equiseti, and F. accuminatum (Klokocar-Smit et al., 1990; Levi¢ 2008, Levi¢
et al., 2009). The identification of Fusarium species traditionally relies on
morphological and physiological characteristics, which is the most difficult step
in the process of identification (Rahjoo et al., 2008), considering that Fusarium
species can produce three types of asexual spores (Agrios, 1988). This is espe-
cially evident among very closely related Fusarium species, such as members
of FIESC, which represents a complex of morphologically similar species (F.
equiseti/F. semitectum/F. incarnatum) (O’ Donnell et al., 2009, 2012). Recently,
a multilocus sequence typing scheme analysis has been applied to members of
FIESC and revealed that FIESC comprises 30 phylogenetically distinct species
(O’Donnell et al., 2009, 2012). DNA sequence-based identification of some un-
known isolates can be achieved using the translation-elongation factor /-o TEF
gene region which has become the marker of choice as a single-locus identifi-
cation tool in Fusarium (Geiser et al., 2004). Moreover, members of FIESC
have been reported to produce type A and B trichothecene mycotoxins that
cause toxicosis in humans and animals (O’Donnell et al., 2009).

The objective of this paper was isolation, morphologlcal and molecular
DNA sequence-based identification of F usarivm sp. isolates from onion seed
samples collected from storage and warehouses at different localities in the
region of Vojvodina, Serbia.

MATERIALS AND METHODS
Isolation and morphological characteristics

Blotter method was used for seed incubation during the routine seed health
analysis (Mathur and Kongsdal, 2003). Onion seeds were immersed in NaOCl
solution (1% available chlorine) for 3 min, washed in sterile water and drained.
A set of three filter papers were immersed in sterile water, and placed com-
pletely wet in a Petri dish (¢9mm). Plating of 18 samples (400 seeds per sample)
was done aseptically, a maximum of 10 seeds per plate were placed onto a
blotter surface of each plate (Mathur and Kongsdal, 2003). Plates were incu-
bated at 22 °C for 7 days in alternating cycles of 12 hours light (NUV) and 12
hours darkness. After incubation, fungi which developed on each seed were
examined under different magnifications of a stereomicroscope and identified.
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Infected seeds were transferred to a potato dextrose agar (PDA), and incubated
for seven days at 25 °C in alternating cycles of 12 hours light and 12 hours dark-
ness, in order to induce sporulation and pigmentation in culture (Burgess et al.,
1994). Light source consisted of three neon tubes measuring 40 W and a black
light tube (Philips TLD 36W/08). For morphological identification, 25 isolates
were single-spored and sub-cultured on both PDA and Carnation leaf agar
(CLA) (Leslie and Summerell, 2006). Incubation lasted 7-10 days at 25 °C, in
alternating cycles of 12 hours light and 12 hours darkness. Colony morphology
was recorded from cultures grown on PDA and CLA.

Pathogenicity test

Pathogenicity test of 25 isolates was conducted using Knop agar slants, in
controlled conditions in the laboratory (Tuite, 1969). A piece of mycelium (ap-
proximately 2-3 mm) of each isolate, grown on PDA for 7 days, was placed at
the bottom of each test tube. Onion seeds were disinfested in 1% NaOCI for 2
to 3 min, rinsed with sterillized distilled water three times, and then dried on
a sterile filter paper under aseptic conditions. Seeds were carefully placed and
slightly pressed, approximately 2 cm above the inoculum. As a positive control,
determined isolate designated as FE-3 (Fusarium equiseti) from our collection,
was used. Onion seeds placed on a solid agar without mycelia were used as a
negative control. Tubes were kept in the laboratory for two weeks, in a vertical
position at room temperature (21-25 °C) with day/night shift.

Sequencing and phylogenetic analysis

To obtain a DNA sequence, a total DNA of the 25 investigated isolates and
one positive control FE-3 was extracted directly from the 7 days old mycelium
(~ 100 mg wet weight), with a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Following DNA extraction, the
translation elongation factor /-alpha gene region was amplified by PCR with the
primer pair EF1 (forward primer: 5>~ ATGGGTAAGGA(A/G)GACAAGAC-3’)
and EF2 (reverse primer: 5’- GGA(G/A)GTACCAGT(G/C)ATCATGTT-3")
(Geiser et al., 2004). The amplification was performed in Eppendorf Master-
cycler PCR device, using the modified program by Abdel-Satar et al. (2003):
following 35 repeated cycles: 94 °C — 1 min, 53 °C — 1 min, 72 °C — 2 min. The
PCR mixture with a total volume of 25 pl consisted of 2x Eppendorf Master Mix
(Taq DNA polymerase 1.25 U, 30mM Tris-HCI, 50mM KCI, 1.5mM MgCl2;
0.1% Igepal-CA630; 0.2 mM dNTP); 0.6 uM of each primer, and 1ul of fungal
DNA. Amplification fragments were determined using electrophoresis on 1%
agarose gel containing ethidium bromide (0.5 pg/mL). The expected size of
the amplified fragments was estimated by comparison with O’RangeRuler™
100 bp DNA Ladder (SM0623), ready-to-use (Fermentas, Lithuania). The aga-
rose gel was visualised on UV transilluminator, and the images were captured
with DOC PRINT system (Vilbert Lourmat, USA).
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Identification of one isolate was performed by sequencing the translation
elongation factor EF-Io gene. Purification and sequencing of the amplified
fragments were done in the biotechnology company MACROGEN in Seoul,
South Korea (http://dna.macrogen.com, Korea). Sequences were analyzed us-
ing the program FinchTV Version 1.4.0. Sequence of Serbian L1 isolate was
compared with the previously reported isolates available in the NCBI GenBank
(http:/www.ncbi.nlm.nih.gov/BLAST) and the Fusarium ID-database (Geiser
et al., 2004), using the Clustal W program (Thompson et al., 1994) and MEGAS
software (Tamura et al., 2011). Manual corrections of aligned database, phylo-
genetic and molecular evolutionary analyses were conducted using MEGA 6
software package (Tamura ef al., 2013). These gene sequences were assembled
and edited using FINCHTV v.1.4.0 (http:/www.geospiza.com). Multiple alignments
and comparisons with reference strains for each of the genes were performed
using CLUSTALW integrated into MEGA 6 software (Tamura et al., 2013).
The bootstrap consensus tree inferred from 1,000 replicates is taken to represent
the evolutionary history of the analyzed taxa. The evolutionary distances were
computed using the Maximum Composite Likelihood method (Tamura et al.,
2011) and are presented as units of the number of base substitutions per site.

RESULTS
Morphological characteristics

Onion seeds placed on the blotter surface were covered with white, cot-
tony mycelium, reddish to purple pigmentation observed under the seeds. The
presence of macroconidia typical for Fusarium sp. on the infected onion seed
was confirmed by microscopic examination on an average of 28% of the seed.
The development of mycelium of 25 isolates on PDA occurred at medium
mycelial growth rate and formed a colony 6 cm in diameter after seven days
of incubation in darkness at 25 °C. A total of 25 isolates (L1-L25) formed
whitish to pale salmon colonies, and the colour was uniform throughout the
entire colony. The orange pigmentation developed on the reverse surface of
the colony. On CLA, isolates formed hyaline, thin-walled, slightly curved,
fusoid macroconidia, with 4—6 septae (23—40%3.5—6 um). Microconidia and
chlamydospores were not observed.

Pathogenicity test

Pathogenicity of onion seedlings under in vitro conditions, in a test tube
on a Knop agar, was confirmed in 25 tested isolates. Five days after the in-
oculation, isolates caused a change in tissue colour and emergence of necrotic
spots on the roots and shoot basis, spreading to the upper part of the shoot. The
roots were completely infected by fungal mycelia after 10 days. After 14 days
fungal mycelia of 25 isolates completely covered the seedlings, causing root
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necrosis and seedling decay. No symptoms were observed on seedlings in the
tubes which were used as negative control. Pathogen was reisolated and mor-
phological identity was confirmed on PDA and CLA.

Sequencing and phylogenetic analysis

Primers EF1/ EF2 successfully detected the presence of Fusarium sp. in
all tested isolates and amplified DNA fragments of predicted size. One clear
band of 700 bp was visible in all tested isolates as well as in positive control.
No amplicon was recorded in negative control. Identification of one isolate was
performed by sequencing the translation elongation factor EF-/a gene, which
was deposited in the NCBI GenBank database under accession number
KP658211. BLASTn queries of GenBank and the Fusarium 1D-database (Geiser
et al., 2004), showed 100% identity to accessions GQ505648.1 (NRRL36323),
and GQ505646.1 (NRRL36318) from an unnamed phylogenetic species within
the Fusarium incarnatum-equiseti species complex designated FIESC3
(O’Donnell et al., 2009). TEF partial gene sequence of F. proliferatum was ana-
lysed to conduct a phylogenetic tree. Sequences generated in this study were
added to the sequences of different Fusarium species selected from a BLAST
search in NCBI GenBank for better understanding of their phylogenetic rela-
tionship (Geiser et al., 2004). A NJ tree constructed showed that the onion
isolates were grouped together with Fusarium equiseti (KF754798, KP881270)
and Fusarium incarnatum (JN092338) (Figure 1) strains from database:

Q2 KP658211 Fusarium sp. FIESC3 L1
34 KFT54798 Fusarium equiseti
KP881270 Fusarium equiseti

JM092338 Fusarium incarnatum

KT179811 Fusarium graminearum

i K.J194170 Fusarium acuminatum

100 L KP965731 Fusarium avenaceum
KFA75344 Fusarium vericillioides

JN995208 Fusarium oxysporum f. sp. cepae

FJB603514 Fusarium proliferatum

,7M41842E Fusarium lateritium
0l KF689008 Fusarium solani

0.0z

Figure I. Phylogenetic tree based on Neighbour-Joining (NJ) analysis of TEF gene
sequences for L1 isolate from onion and other Fusarium reference strains from
NCBI database. Bar — estimated nucleotide substitutions per site is 0.02.




DISCUSSION

Fusarium species, members of FIESC, represent a complex of morpho-
logically similar species (F. equiseti/F. semitectum/F. inarnatum) that com-
prises 30 phylogenetically distinct species (O’Donnell et al., 2009, 2012). The
correct identification of these species is therefore very important together
with morphological identification. Using primers EF1 and EF2 to amplify
translation elongation factor /-alpha gene region a specific band at 700 bp was
obtained by PCR for 25 isolates in this study. This part of genome sequence
is considered a highly significant information on species level for the entire
Fusarium genus (Summerell et al., 2003; Geiser et al., 2004; Kristensen et
al., 2005). Identification of one isolate was performed by sequencing the
translation elongation factor EF-Ia gene, which was deposited in the NCBI
GenBank database under accession number KP658211. In our study, we re-
covered only one phylogenetic species, designated as FIESC 3. BLASTn que-
ries of GenBank and the Fusarium 1D-database (Geiser et al., 2004) showed
100% identity with accessions GQ505648.1 (NRRL36323), and GQ505646.1
(NRRL36318) from an unnamed phylogenetic species within the Fusarium
incarnatum-equiseti species complex designated FIESC3 (O’Donnell ef al.,
2009). Castella and Cabanes (2014) used this tool for the analysis of phylo-
genetic diversity of Fusarium incarnatum-equiseti species (FIESC) complex
of 51 strains isolated from Spanish wheat. Pathogens of genus Fusarium are
well known as seed-borne as well as soil borne species able to produce var-
ious mycotoxins. Geographic area and climate are the most important factors
that influence the occurrence of Fusarium and pattern of infestation by
various Fusarium species (Castella and Cabanes, 2014). Our results showed
that causal agent of seed rot in onion is a new species in Serbia designated
as Fusarium sp. FIESC3. This is not unexpected considering that recent
studies in Northern Europe have shown that the predicted climate changes
towards 2050 are expected to change the Fusarium species composition in
world (Parikka et al., 2012). Infection of seed results in reduced germination
and Fusarium rot are hard to control being seed-borne, long persistant, capable
of infection and spread in field and storage (Ozer & Koycii, 2004; Klokocar-Smit
et al., 2008). Previously, Jasni¢ et al. (2005) showed that the decrease in seed
germination and plant emergence of soybean is due to seed infection by
Fusarium sp. in agroecological conditions of Serbia. Morphological identi-
fication is time consuming, because these species have small morphological
differences and it is difficult to distinguish them from each other. On CLA,
all tested isolates formed hyaline, thin-walled, slightly curved, fusoid mac-
roconidia. Microconidia and chlamydospores were not observed. According
to Nelson et al. (1983) and Burgess et al. (1994), morphology of macroco-
nidia, microconidia, and chlamydospore can be assessed in cultures grown
on CLA.




CONCLUSION

Knowledge of the composition of populations of Fusarium species trans-
mitted by onion seed is of great importance for the establishment of appropriate
measures for protection of seeds and seedlings. Based on the completion of Koch’s
postulates and sequence analysis, investigated isolates belong to Fusarium sp.
FIESC3, a causal agent of pre-emergence dumping off, decay and rot of onion
seed in Serbia. Due to its ability to reduce seed germination, the presence of
this pathogen could significantly impact onion production in Serbia. These
findings will provide the base to develop the effective disease management
strategies.
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NAEHTUOUKALINIA U ®UJIOTEHETCKA AHAJINM3A
Fusarium sp. FIESC 3 TIPOY3POKOBAYA TPYJIEXU
CEMEHA IPHOI" JIYKA (Allium cepa L.)

Maja B. UT b ATOB!, Tarjana U. TIOTIOBU'R?, Jlparana H. MUJIOILIEBUR!,
3opuna T. HUKOJINR!, Topnana P. IETPOBUR',
Jemunia M. TBO3JJEHOBUR BAPTA!, Kapxo J. UBAHOBU'R?

'MHCTHTYT 3a paTapcTBO U MOBPTAPCTBO
Maxcuma I'opkor 30, Hoeu Cax 21000, Cpouja
“MHCTUTYT 3a 3aITUTY GUIba M )KUBOTHY CPEIHHY
Teomopa [pajzepa 9, beorpan 11000, Cpduja

PE3UME: Upnu nyx (Allium cepa L.) cnana y Haj3Ha4ajHU]jE IOBPTAPCKE OMIbHE
Bpcre y Cpouju. I'aju ce na noBprmau o1 oko 20.000 xexTapa. Tokom pyTHHCKE KOHTpOJIE
KBaJIUTETa ceMeHa 1pHor jgyka y 2014. ronunu, npumehena je nojasa Fusarium sp. y BU-
COKOM IpotieHTy — o011 28%. L{nsb pana 6ro je n3onanuja u uneHTudUKaUja Fusarium sp.
Ha OCHOBY MOP(OJIOIIKKX U MOJICKYJTAPHUX KAPAKTEPUCTUKA MMATOreHA. Y30pIH ceMeHa
JyKa CaKyIJbEHH CY C pa3IUYMTHX JIOKATTUTETA U U3 BEJIMKOT Opoja ckiaguiTa y Boj-
BoauHu. HakoH u3o0naiuje naTorena 0adpato je 1 MOp(oJIOIMIKNA OKapaKTePUCAHO
25 nzonara Fusarium sp. Uzonanuja JIHK u3Bpiuena je TupekTHO U3 MULIEIHja TJbHBE
(~ 100 mg), kopumrhewem Dneasy Plant Mini Kit (Qiagen, Hilden, Germany). Ammiu-
¢ukanuja JIHK nussanor rena (translation elongation factor EF-1a gene) o6aBibeHa je
nomohy PCR kopunihemwem napa npajmepa EF1 u EF2. YV cBuM npoyuaBaHnum n3osa-
tuMa popmupanu cy ammnukonu Benuunne 700 bp. Uaentudukanuja jeqnor ogadpa-
HOT M30JIaTa U3BPIICHA je CEKBEHIIMpameM TpaHcianuoHor ¢pakropa EF-1a rena, koju
je neronoBaH y NCBI 6a3y noparaka nox 6pojem KP658211 (Fusarium sp. FIESC 3).

KJbYUHE PEUU: FIESC3, Fusarium sp., upau 1yK, EF-1a TeH, ceme, CeKBeHIIH-
pame




