-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by Aberystwyth Research Portal

- PRIFYSGOL

@ BERYSTWYTH

=—_ UNIVERSITY

Aberystwyth University

Identification and pathogenicity of Fusarium species associated with sesame
(Sesamum indicum L.) seeds from the Punjab, Pakistan

Nayyar, Brian Gagosh; Woodward, Steve; Mur, Luis; Akram, Abida; Arshad, Muhammad; Saglan Naqvi, S. M.;
Akhund, Shaista

Published in:
Physiological and Molecular Plant Pathology

DOI:
10.1016/j.pmpp.2018.02.001

Publication date:
2018

Citation for published version (APA):

Nayyar, B. G., Woodward, S., Mur, L., Akram, A., Arshad, M., Saglan Naqgvi, S. M., & Akhund, S. (2018).
Identification and pathogenicity of Fusarium species associated with sesame (Sesamum indicum L.) seeds from
the Punjab, Pakistan. Physiological and Molecular Plant Pathology, 102, 128-135.
https://doi.org/10.1016/j.pmpp.2018.02.001

General rights

Copyright and moral rights for the publications made accessible in the Aberystwyth Research Portal (the Institutional Repository) are
retained by the authors and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

« Users may download and print one copy of any publication from the Aberystwyth Research Portal for the purpose of private study or
research.

« You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the Aberystwyth Research Portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

tel: +44 1970 62 2400
email: is@aber.ac.uk

Download date: 09. Jul. 2020


https://core.ac.uk/display/326673507?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1016/j.pmpp.2018.02.001
https://pure.aber.ac.uk/portal/en/persons/luis-mur(ce928ed6-e131-4536-8c04-9a75a7bc7cc9).html
https://pure.aber.ac.uk/portal/en/publications/identification-and-pathogenicity-of-fusarium-species-associated-with-sesame-sesamum-indicum-l-seeds-from-the-punjab-pakistan(e9f30faa-a988-48bf-8007-4096ebb213e3).html
https://pure.aber.ac.uk/portal/en/publications/identification-and-pathogenicity-of-fusarium-species-associated-with-sesame-sesamum-indicum-l-seeds-from-the-punjab-pakistan(e9f30faa-a988-48bf-8007-4096ebb213e3).html
https://pure.aber.ac.uk/portal/en/publications/identification-and-pathogenicity-of-fusarium-species-associated-with-sesame-sesamum-indicum-l-seeds-from-the-punjab-pakistan(e9f30faa-a988-48bf-8007-4096ebb213e3).html
https://pure.aber.ac.uk/portal/en/publications/identification-and-pathogenicity-of-fusarium-species-associated-with-sesame-sesamum-indicum-l-seeds-from-the-punjab-pakistan(e9f30faa-a988-48bf-8007-4096ebb213e3).html
https://pure.aber.ac.uk/portal/en/publications/identification-and-pathogenicity-of-fusarium-species-associated-with-sesame-sesamum-indicum-l-seeds-from-the-punjab-pakistan(e9f30faa-a988-48bf-8007-4096ebb213e3).html
https://pure.aber.ac.uk/portal/en/publications/identification-and-pathogenicity-of-fusarium-species-associated-with-sesame-sesamum-indicum-l-seeds-from-the-punjab-pakistan(e9f30faa-a988-48bf-8007-4096ebb213e3).html
https://doi.org/10.1016/j.pmpp.2018.02.001

Accepted Manuscript

Identification and pathogenicity of Fusarium species associated with sesame
(Sesamum indicum L.) seeds from the Punjab, Pakistan

Brian Gagosh Nayyar, Steve Woodward, Luis A.J. Mur, Abida Akram, Muhammad
Arshad, S.M. Saqglan Naqvi, Shaista Akhund

PII: S0885-5765(17)30103-0
DOI: 10.1016/j.pmpp.2018.02.001
Reference: YPMPP 1315

To appearin:  Physiological and Molecular Plant Pathology

Received Date: 1 April 2017
Revised Date: 29 January 2018
Accepted Date: 2 February 2018

Please cite this article as: Nayyar BG, Woodward S, Mur LAJ, Akram A, Arshad M, Naqvi SMS, Akhund
S, Identification and pathogenicity of Fusarium species associated with sesame (Sesamum indicum L.)
seeds from the Punjab, Pakistan, Physiological and Molecular Plant Pathology (2018), doi: 10.1016/
j-pmpp.2018.02.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.pmpp.2018.02.001

10

11

12

13

14

15

16

Identification and Pathogenicity of Fusarium species associated with

Sesame (Sesamum indicum L.) seeds from the Punjab, Pakistan

Brian Gagosh Nayyar, Steve Woodward Luis A.J. Muf, Abida Akrant, Muhammad

Arshad, S.M. Saglan Nagfiand Shaista Akhurid

Department of Botany, Pir Mehr Ali Shah Arid Aglicwe University, Rawalpindi, 46300
Pakistan

?Institute of Biological and Environmental Scienceljiversity of Aberdeen, Cruikshank
Building, St. Machar Drive, Aberdeen AB24 3UU, &out, UK

3Institute of Biological, Rural and Environmentali@wes, Aberystwyth University, Edward
Liwyd Building, Penglais Campus, Aberystwyth SYR2A,3Nales, UK

“Department of Biochemistry, Pir Mehr Ali Shah AAdriculture University, Rawalpindi,
46300 Pakistan

"Corresponding author e-mail: brian_gagosh@hotneeal.c



10

11

12

13

14

15

16

17

18

19

20

21

22

ABSTRACT

Sesame §esamum indicujmis an oil-crop in Asia and Africa and is widelyown in the
Punjab region of Pakistan. A total of 105 sesaneel samples were collected from different
locations in the Punjab from which 520 isolatesFakarium spp. were recovered. These
isolates were initially grouped and identified kdhsm morphological characteristics. The
identities of representatives of the three mogjuently isolated groups (strains designated
FO1, F98, F153) were identified Bssarium proliferatumon the basis of the sequencing of
ITS of rDNA and translation elongation factor (TEé&) gene regions. Phylogenetic trees
generated using the maximum likelihood method sldothat these three isolates andr.a
proliferatum reference sequence grouped in the same cladeRwjhyllophilum the most
closely relatedspecies. Pathogenicity tests demonstrated thae thtiege isolates caused
disease on sesame plants. Disease Incidence (DI)Di&ease Severity Index (DSI) data
indicated that FO1 was the most virulent isolatehvidl and DSI of approximately 70%.
Culture filtrates of FO1 reduced sesame seed geatiom (to 40%) and vigor (to 16.5%) of
sesame seedlings. This baseline study suggests. theoliferatuminfection of sesame seeds

could be a major source of yield loss in the Punikistan which requires further attention.

Keywords. Sesamef-usarium Blotter Paper Method, ITS, TEF:1
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INTRODUCTION

Sesame§esamum indicurn.; Pedaliaceae) is one of the most important@ddst oil crops
used by humans (Noorka et al. 2011). Sesame sexait® 50-60 percent oil and 22 percent
protein. The oil is a semi-drying type and is mpsiged in confectionary items; good quality
oil is also used for medicinal purposes (Smith &atkrno 1992). A particularly useful
characteristic of sesame oil is the long shelf tige to the presence of the antioxidant,
sesamol (Mohamed and Awatif 1998). This quality esakt applicable for use in the
manufacturing of margarine in various parts of twerld where there is inadequate
refrigeration. Sesame oil is also used in paintgps, cosmetics, perfumes, bath oils,
insecticides, and pharmaceuticals (as a vehiclalffog delivery). Poppy seed, cottonseed,
and rape oils are frequently added to sesame eslariSe seeds and young leaves are eaten as

stews and used in soaps in Asia (Grubben and De@o4h).

Sesame probably evolved in Africa and was spredgt eahuman migrations through West
Asia, China, and Japan, regions which then becaoenslary centers of diversity. Sesame
was introduced into India by the earliest humanramts from Africa. Charred remains of
sesame at Harappa excavations (3600-1750 B.C)aitredtbat sesame was cultivated by the
Indus Valley civilization (Ashri 2007). Today, sese (locally called ‘til’) is grown in 70
countries of the world, including 26 and 24 cowetrin Africa and Asia, respectively, with
average global production close to 3 million toes @nnum. The top five producers account
for approximately 70% of global production. Sesamégypically grown in dry tropical and
subtropical regions. In Pakistan, sesame is graw65i districts as an irrigated or rain-fed
crop, particularly in the Punjab (Amjad 2014). Qally, Pakistan represents a typical
climatic growing area for sesame and, therefor@dyconstraints in that country are relevant

to other sesame producing regions (FitzpatrickRede De Baaij 2013).
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Diseases, particularly those caused by fungi, aapmyield constraints in both sesame seed
production and in seed storage (Mbah and AkuesBD20001). Sesame production faces
numerous problems such as wilt, root rot and dagqpiif, all due to attack by soil-borne
fungi. In Pakistan, charcoal rodlternaria leaf blight, bacterial leaf spot, bacterial blight
phyllody, and wilting are major diseases affectitigs crop. The most common and
destructive diseases are wilts caused by severdiesp of Fusarium and Verticillium
(Thomson and Ockey, 1993). Infectioof Fusarium speciesmay also result in the
accumulation of toxic secondary metabolites ingbed, damping-off of seedlingsd even
the death of the whole plant at the time of flowgriand thereby reduce yields (Farhan et al.

2010; Salleh and Mushitah 1991).

Accurate detection and diagnosis in the gerusarium however, is complicated due to lack
of an accurate taxonomy. A number of factors, paldirly a lack of clear morphological
characters separating species, had led to the pedes definitions, which, together with
observed variations and mutations in culture, higgeto taxonomic systems that poorly
reflect species diversity. A result of this confusi there is an inconsistent application of
species names to toxigenic and pathogenic iso{&tgor et al. 2000). Accurate methods for
detecting infections of sesame seeds are requiredkvelop robust pathogen and disease

management strategies.

Monitoring of plant pathogenic microorganisms canclarried out qualitatively by following
disease symptoms appearing on infected plants, ae muantitatively using molecular
methods, for example, PCR amplification and seqgugnof loci that are indicative of the
fungal species; often referred to as the “barcobtethis current research, we sought to apply
molecular barcoding approaches to idenfifysarium spp. isolated from infected sesame

seeds. The aim of the work was to determine teegbence ofFusariumspecies associated
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with sesame seeds in the Punjab province. Accudataification of Fusariumspp. using
molecular techniques and pathogenicity tests wdllimthe development of improved disease

management methods.

MATERIALSAND METHODS

Pathogen I solation from Seeds and | dentification

A total of 105 samples of sesame seeds were oatlldtom the major sesame producing
areas of the Punjab, Pakistan, as indicated inr€igjuSeeds were brought to the laboratory
and surface sterilized with NaOCI for 2 min. Suodasterilized and unsterilized seeds from
each sample were placed on three layers of mostéher paper (Whatman™ 1001-090
Grade 1) discs, with 25 seeds per Petri dish. Tig &ishes were incubated at 22 + 2 °C for
seven days in an alternating cycle of light andkadass (12 hours each) in a Versatile
Environmental Test Chambgsanyo,Japan) with illumination provided by 55 W fluoreste
tubes, giving a light intensity of 125-130 umol’re®. The experiment was performed in
triplicate. After incubation, fungal colonies emiexg from the seeds were counted and
isolated on potato dextrose agar (PDA; Oxoid, URhe morphological characters were
noted and isolation frequency (Fr) and relative sitgn(RD) of fungi were recorded as
follows:

Fr (%) = (ns) x 100 RD (%) = (ni) x 100
N Ni

Where, ns is the number of samples on which a feirmgeurred; N is the total number of
samples; ni is the number of isolates of a givemgél genus/species; and Ni is the total

number of fungal isolates obtained.

Isolates were identified on the basis of morphaabicharacteristics with reference to

published keys (Booth 1977; Domsch et al. 1980li€esd Summerell 2006).
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DNA extraction, PCR, and DNA Sequencing

Genomic DNA was extracted using the phenol-chlarafextraction method (Gonzalez-
Mendoza et al. 2010). For DNA extraction, freshiungs ofFusariumspecies were prepared
by using dilution method (Cha et al. 2007). Aftedays of incubation, 50 mg mycelium of
each isolate was harvested using a sterile surigiade, and ground in liquid nitrogen using a
mortar and pestle, and transferred to 1.5 ml mamtdfuge tubes. The resulting powder was
suspended in 500 pl phenol and 1000 pl extractidfeb(1% sodium dodecyl sulphate, 1 M
Trizma base, 100 mM NacCl, 10 mM MEDTA, pH 8.0), vortexed and centrifuged at 10,000
rpm for 10 min. The supernatant was transferred teew microcentrifuge tube and 500 pl
chilled isopropanol and 50 pl 3 M, chilled sodiunetate (pH 4.8) added. Following gentle
mixing, the preparation was centrifuged at 10,000 for 10 min. The supernatant was
discarded and the pellet was washed twice withfH0D% ethanol with centrifuging, before

final re-suspension in 200 pl of TE buffer (10 mMsT1 mM EDTA, pH 8.0).

For molecular identification, the internal tranbem spacer (ITS) and translation elongation
factor (TEF-11) regions were amplified, based on ITS1 / ITS4 ensnand EF1-983F / EF1-
2212R primers, respectively (Table 1). PCR was ugotetl in a 25 pl reaction mixture
containing 2.5 pl PCR buffer (200 mM Tris HCI (pHt8 500 mM KCI), 0.5 pl dNTPs, 1.5
pul MgCl, 0.5 pl DNA polymerase, 2.5 ul each primer, 1DEPC HO and 1 ul template
DNA. The PCR reaction was performed in a MyCycleftermal cycler (Bio-Rad, USA)
with initial denaturation at 95 °C for 5 min folled by 35 cycles of 95 °C for 30s, annealing
at 64 °C for 1 min (for ITS primers) and 72 °C fomin, and a final elongation step at 72 °C
for 1 min. For the TEF-d primers, a touchdown PCR was run with an anneaéingperature

of 66 °C in the first cycle, successively reducihg temperature by 1 °C per cycle over the

next 9 cycles to reach a final temperature of 56Wkich was used in the remaining 30-36
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cycles. An extension time of 1 min 30 sec per cyale72 °C was applied. Amplified
fragments were analyzed on 1% agarose (Melford, gi) purified and sequenced in both
directions by Macrogen, Korea. Sequences were agalysing Mega 7 software and blasted

against the NCBI database (https://blast.ncbi.nimgov/Blast.cgi).

Pathogenicity Test

Three most frequerffusariumisolates were grown in PDA and conidia were hdetk$y
flooding cultures with 2% Tween 20. The suspensias collected and filtered through two
layers of sterilized cheesecloth. The spores weee adjusted to 1 x $@onidia mL* by

repeated hemocytometer counts (Garibaldi et akR00

Sesame plants were grown in 13 x 11 cm plastic, poith 3 plants per pot, containing
sterilized potting medium (soil, sand, farmyard omay 1:1:1 w/w/w). For inoculation, a
channel, about 1 cm long and 3 cm deep, was craatbeé soil near each seedling and filled
with 10 mL spore suspension. Controls were treatiél sterile distilled water. Five replicate
pots per treatment were prepared. Inoculated plaate covered with clear plastic bags for
24 h to maintain high humidity and placed in thesghouse at 25/20 °C day/night

temperature and irrigated with distilled water tteraate days.

Symptoms were recorded after 30 days of treatnigisease symptoms on roots and stems
were scored using a four-point categorical dissaserity scale: 0 = no wilting symptoms, 1
= 25% wilting, 2 = 50% wilting and 3 = 100% wiltirend plant death. The disease severity
index (DSI) was calculated &s (disease severity scale points x number of plahtsach
scale point)/ (total number of seedlings assesséidease severity scale of the highest scale

point observed) x 100 (Zhao et al. 2014).
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To verify that the inoculated-usarium isolates caused the symptoms on the sesame
seedlings, re-isolations were made from symptonaits of inoculated plants. After seven
days of inoculation, symptomatic tissues were searierilized in 5% NaOCI twice for 2 min
followed by rinsing with autoclaved distilled water 2 min. Three pieces (3-6 mm long) of
roots or stems per plant were excised under asempiiditions and transferred to PDA in Petri
dishes. Dishes were incubated at 28°C until theeagmce of typicaFusarium colonies,

approx. 6 days after plating.

Effect of Culture Filtrate on Seed Germination and Seedling Growth

Erlenmeyer flasks containing 50 ml of potato des#¢rdoroth were inoculated with the test
fungi (1 x 16 conidia mLY) and incubated for 14 days at 28 °C. Then, theureibroth and
fungal mycelia were carefully separated. A 50 mluvee of 3:2:1 (v/v/v) ethyl acetate:
chloroform: methanol was added to each flask camtgiculture broth, followed by shaking
overnight on a rotary shaker. Extracts were camgeatl at 5000 rpm for 30 min and the
supernatant was incubated in a water bath at 4®r8-10 h to concentrate the extract to a

volume of 10 ml (Jaiswal et al. 2012).

Sesame seeds were surface sterilized in 5% NaQ@ foin followed by 3 rinses in sterile
distilled water and then suspended in culturedfiis (10 ml). Following incubation at 28 +
2°C for 24 h, seeds were removed from the cultiirates and washed in sterile distilled
water. Treated seeds were plated on 1.5 % water agh 10 seeds per Petri dish. Control
seeds were treated with distilled water. After ysdaf incubation, shoot and root lengths
were recorded. In addition, a vigor index was dalad (Jalander and Gachande 2012)
following the formulae:

Germination % = Germinated seeds of treatment/Gexrted seeds of control x 100
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Vigor index = Seed germination (%) x Seedling Lén@hoot + Root Length)

Statistical Analysis

Analysis of variance (ANOVA) was performed on thegadof DI, DSI, germination percent,
and vigor index to determine the effects of repméstére Fusariumisolates on sesame seeds
and seedlings. The mean differences were comparddubcan’s multiple range test (P <

0.05). All calculations were made using SPSS (verd6.0; SPSS Inc, Chicago, IL).

RESULTS

Morphological characterization of Fusarium isolates

A total of 520 isolates oFusariumwere recovered from sesame seeds, separated into 23
morphological groups and identified on the basisabny characters and conidial structure.
Three isolates (FO1, F98, F153) as representatiteeamost frequent morphological groups
were identified ag-. sacchari(39%), F. phyllophilum(40%) andF. culmorum (30%),
respectively (Table 2). Initially, these isolateedhhyaline aerial mycelium which turned to
white or purple as colonies aged, and various pigat®ns from white to light purple,
through deep reddish purple to dark reddish pumygee observed. The growth rate ranged 4-
8 cm in 7 days. Most macroconidia were slender witlurved apical cell and a notched basal
cell. They were 3-5 septate with size ranged aS32%-3-5um. Microconidia from all isolates
were 0- septate, 7-12 x 2.2-3.0um in size, ovah \idttened bases and were mostly formed
in a false head (small, mucoid, adherent balls ohfidia) (Figure 2). However,
chlamydospores were not found in any of these msgtuAll the identified isolates were

submitted in the First Fungal Culture Bank of Pas(FCBP), University of the Punjab,
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Lahore, Pakistan. These three representative ésolatere selected for molecular

characterization and pathogenicity tests.

Molecular characterization of Fusarium | solates

Selected isolates were identified using the ITSoregf rDNA and TEF-tx gene. Separation
of the PCR products of ITS amplification on an agargel revealed amplicons of ~650 bp in
length. All sequences exhibited 100% identity wiilsarium proliferatumiTS sequences in
GenBank (Table 3) (Figure 3). Analysis of the TEFsequences showed > 90% sequence
identity to Fusarium proliferatumalthough, some sequence variation between isoladss
observed (Table 3; Figure 4). Phylogenetic analysggested that F98, compared to FO1 and
F153, was most closely related to thesarium proliferatunsequences present in GenBank.

TEF-1a sequences from all three isolates, however,riahé same clade.

Pathogenicity Tests

Inoculation of sesame plants with isolates FO1, B8 F153 resulted in the browning of
foliage by approximately 14 days after treatmeftgrawhich plants continued to decline,
becoming dark brown and necrotic. Roots became-samsparent, shrunken, water-soaked
and eventually disintegrated and whole plants diléier 30 days (Figure 5). The statistical
data revealed that there was a significant diffeeeriP<0.05) among the treatments.
Although, the mean difference was non-signific&®#{.05) between FO1 and F98 for disease
incidence but the results of DSI showed a sigmificdifference (P<0.05) among three
isolates. Hence FO1 (70) was considered more pathoghan F98 (53.33) and F153 (23.33)
based on disease severity assessments (Table eéhntrol plants, 100% green leaves were

maintained over the assessment period. Re-isofataf the same three isolates were
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successful: all re-isolated strains were morphalaly identical to the fungus used in the

inoculations of the sesame plants.

Effect of Fusarium Culture Filtrates on Ger mination of Sesame

All three isolates showed the highly significantfelience (P<0.05) as compared to control.
Seed germination and vigor of sesame plants werersely affected by culture filtrates of
isolate FO1, with a 40-66% reduction in seed geatom, and a 16.5% reduction in vigor,
when compared with control plants (Table 5; Fig@ye Germination rates of 66 and 63%
occurred in seeds treated with isolates F153 a®] FE&pectively. Overall, FO1 showed a

highly significant reduction in germination percage.

DISCUSSION

Fusariumis a major cause of wilt in sesame but the ranggpeties causing the disease in
this host remains poorly defined. In this studg, surveyed the major sesame growing areas
of the Punjab (Pakistan) for wilt symptoms in orderdetermine thd-usarium species
causing the disease. Problems using morphologizahcteristics alone to identiusarium
species have been reported frequently (O’Donnellletil998, 2000; Marasas et al. 2001;
Steenkamp et al. 1999). However, initial identifica and characterization using
morphological features is important to separatéaies into smaller grougsefore applying
other methods of identification (Leslie and Summe2806). Distinguishing species within
the genusFusarium using morphological characters is difficult evear fspecialists
(Summerell et al. 2003; Leslie and Summerell 20869 it is now accepted that DNA
sequence-based identifications and PCR assaysemded to accurately identify species

within the complex genuBusarium The three most frequently isolat€disarium species
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identified initially asF. sacchari(39%), F. phyllophilum(40%) andF. culmorum(30%),
therefore, were subjected to “DNA bar-coding” approaches tdawb more stringent
identifications.

PCR and sequencing of the ITS regions have beconoaitene method for the detection,
identification, classification and phylogenetic Bs&s of many fungi at the species level
(Taylor et al. 2000). Sequences of the ITS regearsdistinguistrusariumfrom other fungi,
and taxon-selective ITS amplification has been ueeatktect-usariumspp. (e.g. Pearson et
al. 2016;0’Donnell 1992). In the present work, ITS sequegannfirmed isolates obtained
from sesame wereusariumspecies, but further discrimination required tke af translation
elongation factor-based primers. Translational gétion factor & is a highly conserved
protein encoding region, which can be used to vesbktween closely related species, and
has proved useful for phylogenetic and taxonomlyames ofFusariumspp. (Geiser et al.
2004). Use of TEFd primers demonstrated that the thFesariumisolates tested here were
all F. proliferatum providing a platform on to which to define virulence mecharssin

sesame.

Previous reports on the occurrence and pathoggrtiusariumspp. were solely based on
samples isolated from infected, symptomatic plaRts. example, variouBusariumspecies
including F. oxysporum, F. proliferaturand F. redolensproved highly virulent on onion,
causing the death of many inoculated seedlings. fgrtbe isolates teste#, proliferatum
proved highly pathogenic to onion in inoculatiostte(Haapalainen et al. 2016). It is likely
thatF. proliferatumis a problematic pathogen on a range of host glastthis fungal species
is also reported causing serious problems on codnwaheat as well as onion (Conner et al.

1996; Logrieco et al. 2002).
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There is little information available in the littwee on pathogens attacking sesame during
germination. Work in Pakistan demonstrated thalucalfiltrates ofXanthomonas campestris
pv. sesami(Xcs) reduced germination progressively with inereg concentrations of the
filtrates (Firdous et al. 2013). According to aretltudy conducted in the Punjab (Pakistan),
seeds and seedlings health of sesame were grdsdbied by the spore suspension and
culture filtrates ofAlternaria alternata (Nayyar et al. 2017). In the present work, both
inoculations with spore suspension and treatmettt wilture filtrates ofFusariumisolate
FO1 suppressed germination and growth of sesamgadtassumed that toxic metabolites
produced into the culture filtrates Bysariumwere responsible for these symptoms. Toxins
produced byFusarium oxysporurh sp. ciceris (FOC) were shown to affect root growth in
chickpea and were thought to impact negativelyeedgermination of chickpea (Khan et al.
2004). Deoxynivalenol, T-2 toxin, fumonisin B1, amgalenol produced blusariumsp. are
known to suppress seed germination (Zonno and V1@a9).The production of secondary
metabolites by fungi is known to reduce seed qualitd viability (Gopinath and Shetty
1988). Similar results were also observed on seddsigeon pea, chickpea and tomato

varieties (Raithak and Gachande 2013; Arya and &4att991).

CONCLUSION

The most frequenFusariumisolates obtained from sesame seed collectedenPiimjab,
Pakistan were identified &s proliferatumon the basis of molecular analyses. One isolate of
F. proliferatum FO1, was more virulent than the other two is@désted, causing damping-

off, and reductions in growth and vigor of sesamedéings.
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Table 1. Primers used for molecular identificatodrselected-usarium isolates

Code Primer Sequence (5'-3") Target Reference
ITS 1 (F) TCCGTAGGTGAACCTGCGG 18S rDNA White et al. (1990)
ITS 4 (R) TCCTCCGCTTATTGATATGC 28S rDNA White et al (1990)

EF1-983 (F) GCYCCYGGHCAYCGTGAYTTYAT TEF-lo Rehner and Buckley (2005)

EF1-2212 (R)CCRACRGCRACRGTYYGTCTCAT TEF-1lo Rehner and Buckley (2005)




Table 2. Morphological characterization, isolatfoeguency and relative density IBfisarium
isolates in sesame seeds

Surface Non Sterilized

Surface Sterilized

Isolate Name of Fungi Or!gin No. of sees No. of sees ag;z;o'
Code (city) isolates isolates RD no.
FO1 Fusarium sacchari Sialkot 63 39 16.45 18 12 13.141416
FO4 Fusarium oxysporum Sialkot 1 2 0.26 0 0.00 1432
F12 Fusariumtorulosum Sialkot 9 12 235 0 0.00 1424
F14 Fusarium phyllophilum Sialkot 11 22 287 8 12 584 1423
F15 Fusarium oxysporum Sialkot 13 16  3.39 5 12 3.65 1442
F22 Fusariumsp. Gujranwala 3 2 0.78 0 0O 0.00 1428
F27 Fusarium subglutinans Gujranwala 4 14 1.04 4 12 292 1444
F30 Fusariumpolyphialidicum  Gujranwala 6 14  1.57 4 12 292 1445
F31 Fusarium subglutinans Gujranwala 5 0 1.31 9 8 6.57 1446
F40 Fusarium sacchari Gujranwala 1 2 0.26 1 2 073 1462
F52 Fusarium oxysporum Gujranwala 12 0 3.13 10 2 7.30 1458
F74 Fusarium solani Gujranwala 3 6 0.78 0 0 0.00 1460
F80 Fusarium culmorum Gujranwala 12 4 3.13 0 146 1459
F84 Fusariumlateritium Gujranwala 26 2 6.79 0 0O 0.00 1455
F98 Fusarium phyllophilum Gujranwala 55 40 14.36 12 26 8.76 1441
F153 Fusarium culmorum Gujranwala 66 30 17.23 43 12 31.391418
F174 Fusarium venenatum Gujranwala 26 26 6.79 10 4 730 1471
F190 Fusariumredolens Gujranwala 37 4 9.66 0 0.00 1469
F269 Fusarium semitectum Mandi Bahuddin 11 2 2.87 2 0 146 1464
F286 Fusarium semitectum Mandi Bahuddin 14 2 3.66 2 2 1.46 1464
F311 Fusariumscirpi Chakwal 4 2 1.04 5 2 3.65 1472
F346 Fusarium equiseti Bahawalnagar 0 2 0.00 1 2 073 1468
F349 Fusariumsp. Bahawalnagar 1 2 0.26 1 2 073 1473

Fr= Isolation frequency; RD= Relative Density; FCBP= Fungal Culture Bank of Pakistan



Table 3. Molecular Identification of three mostquentFusariumisolates from sesame

seeds.
Isolate Origin Morphological Molecular NCBI accession no.
Code (city) Identification Identification ITS TEF-1la
FO1 Sialkot Fusarium sacchari Fusarium proliferatum KX901460 KY247083

Fo8 Gujranwala Fusarium phyllophilum Fusarium proliferatum KX901461 KY247084
F153 Gujranwala Fusariumculmorum Fusarium proliferatum KX901462 KY247085




Table 4. Effects of spore suspension of thfesariumisolates on disease incidence and
disease severity in sesame seedlings.

Disease

Treatment S(;r:(;fil:]gs Wilted seedlings Inc(iod/(()e)nce Disezi(SbeSIS)everity %agg;g
FO1 10 7 70b 70.00c 3
Fo8 10 8 80b 53.33b 2
F153 10 3 30a 23.33a 1

Values with same letter are not significantly difiet based on Duncan’s multiple range test (P<0.05)



Table 5. Effects of culture filtrates Bisarium isolates on seed germination and seedling
growth of sesame.

Treatment Germination %  Root length (cm)  Shoot Length (cm) Vigour Index

FO1 40.00a 0.40a 0.50a 16.50a
F98 63.33b 0.40a 0.80a 26.13a
F153 66.67b 0.40a 1.00ab 27.67a
Control 86.67¢C 0.70b 1.50b 62.17b

Values with same letter are not significantly diffiet based on Duncan’s multiple range test (P<0.05)
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PUNJAB IN PAKISTAN

Figure 1. Map of the Punjab (Pakistan) indicatimg najor sesame growing districts where
the sesame seeds were collected.
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FO1 F98 F153

Fusarium sacchari Fusarium phyllophilum Fusarium culmorum
Tentative identifications

Figure 2. Colony and microscopic characters ofelmest frequent representativesarium
isolates (FO1, F98, F153) isolated from sesamessiia = 20 um).
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Figure 3. Maximum likelihood phylogenetic tree ab&al from consensus sequences of
Fusariumisolates (FO1, F98, F153) from sesame seeds UBBgrimers. Numbers above
the branches are bootstrap values from 500 repicdihe scale indicates the genetic distance
between the species.



—]

100
33
45 [
61
89
sl
77
0.10

F153 (KY247085.1)

FO1 (KY247083.1)
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Figure 4. Maximum likelihood phylogenetic tree ab&al from consensus sequences of
Fusariumisolates (FO1, F98, F153) from sesame seeds trsinglation elongation factor
(TEF-10) primers. Numbers above the branches are bootgataps from 500 replicates. The

scale indicates the genetic distance between dmesp



ACCEPTED MANUSCRIPT

Figure 5. Thirty days post inoculation symptomshoéeFusariumisolates on sesame plants.
(A) Control; (B) FO1; (C) F98; (D) F153
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Figure 6. Seven days post treatment effects ofiufiltrates ofFusariumisolates on
germination of sesame seeds. (A) Control; (B) KG);F98; (D) F153



Identification and Pathogenicity of Fusarium species associated with Sesame (Sesamum
indicum L.) seeds from Punjab, Pakistan

Highlights

» Sesame yielded Fusarium species as dominant pathogen.

* Three most frequent isolates were accurately identified as Fusarium proliferatum through
DNA barcoding.

* These isolates were found as virulent with 70% disease severity index and reduced seed
germination and vigor index of sesame plants.

* It can be suggested that Fusarium proliferatum infection might be a mgor source of
sesame yield loss in the Punjab, Pakistan which requires further confirmation.



