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ABSTRACT

Management of Fusarium species associated with seed discolouration of rice was attempted through pathogen
derived resistance (PDR). Twenty Fusariumisolates associated with rice varieties Lunishree, Pooja and Sarala
wereclassified into six colour groups on the basis of their colour on Potato Dextrose Agar media. Thevariability
in cultural, molecular charactersand virulence were observed among the cultures, associated with the samples
of a cultivar drawn from the same seed lot. The vigour index of seedlings of rice cultivar Utkalprabha and
Savitri, treated with isolate F14A was considerably more than the untreated control. RAPD-PCR of twelve
isolates was done using two primers, AP12h and R-108. The isolate F14A was found to be a fast growing
isolate, distinctly different from other isolates and may be suitable for management of this devastating disease

by Pathogen Derived Resistance.
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Seed discolouration has emerged to be a major
constraint in cultivating the photo-sensitive highyielding
rice cultivars during the rainy season. Fusarium was
found to be associated with seed discolourationin long
duration highyielding ricevarietiesand yield lossesup
to 20% were recorded due to this pathogen in the
coastal region of Orissa. The fungus infects plants
through roots or crowns later becomes systemic and
infectsthe panicle. Theinfected spikletsare unfilled or
partialy filled. The microconidiaand mycelium of the
pathogen are found to be concentrated in the vascular
bundles. Significant genetic variability was observedin
the pathogen collected from the coastal region of Orissa
(Mohanty and Dhua, 2007). The host plant resistance
and chemical control measuresarenot very dependable
against this pathogen. Under these circumstances, the
pathogen derived resistance (PDR) which has been
evolved from cross protection could be a better option.
In cross protection a mild or attenuated strain of a
pathogen is used to protect crops from infection by a
virulent strain of arelated organism.

Application of molecular techniques has
provided methodsfor identification of isolates of plant
pathogens. Mol ecul ar methodswere found to be useful

for distinguishing the non-taxonomic categories e.g.
virulence and toxicity. Thevirulencewithin aracewas
identified in vitro by RAPD (Mes et al., 1999 and
Williamset al., 1990).

The present investigation was carried out to
study the cultural, virulence and molecular characters
of rice seed borne Fusarium isolates, which may be
used for cross protection against infection by virulent
strain of thisorganism.

MATERIALS AND METHODS

Fusarium species were isolated from seeds of three
rice cultivars such as Lunishree, Poojaand Sarala, by
Blotter plate method (Agarwal and Sinclair, 2000). Seeds
were first surface sterilized with 30% alcohol (for
30seconds), rinsed twice with sterile water and then
plated on sterilized bl otting paper, soaked with sterilized
water. After 4-5 days when the micro-flora were
visible, Fusariumspp wereisolated on Potato Dextrose
Agar (PDA-Peeled Potato-250g, Dextrose-20g, Agar-
159 and pH-5.6) and stored at 4°C on PDA dants.
Pigmentations of isolates were studied by growing on
PDA slants and comparing with R.H.S. Colour Chart
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(The Royal Horticultural Society, London: Flower
Council of Holland, Leiden). Isolates were grown on
potato dextrose broth for 6 daysin still culture and fresh
weight of mycelial mat was recorded.

The seeds of rice varieties Savitri and
Utkal prabhawere soaked overnight in sterilized water.
After Surface sterilization first with 70% Ethanol and
sodium hypochlorite solution, the seeds were exposed
to Fusariuminoculum by keeping them onten daysold
Fusarium cultures, in culture plates, for four days.
Treated and untreated seedlings were then transferred
to the moist blotting paper for observations. Seedling
vigor was determined by thefollowing formula: Vigor
Index (V1) = Germination Percentage x (Shoot length
+ Root length). The fresh root weight of germinated
seeds from each isolate was estimated on the ninth
day after inoculation on Fusarium culture plates.

DNA was isolated from fungal mycelia by
following the protocol of Liu et al. (2000). To alump of
mycelia 1ml of extraction buffer (400 mM Tris HCL
pH 8.0, 60mM EDTA pH 8.0, 150mM NaCl,1% SDS)
was added and ground with glass rod and mortar until
afinesolution wasformed. After keeping for 15 minutes
at room temperature, 100pl of potassium acetate was
added, mixed and then centrifuged at 10000 rpm for 1
minute. To the supernatant 500l of Chloroform:
Isoamyl Alcohol (24:1) wasadded and then centrifuged
for 10minutesat 10000 rpm. To the aqueous phase equal
amount of isopropanol was added, and kept at -20°C
overnight. The solution wasthen centrifuged at 10000
rpmfor 3 minutes and the pell et was washed with 70%
ethanol twice, air dried and redissolved in 50ul of 1X
TE buffer (pH 8). The quality and quantity of the
extracted DNA was checked by agarose gel
electrophoresis.

Amplificationwasdonefollowing Guerraet al.
(2000) using two primers, AP12h
(5’CGGCCCCTGT3’) and R-108
(5’GTATTGCCCT3’). The 50pl reaction mixture
contained 1X PCR buffer, 1.5mM MgCl,, 10 pico moles
of primer, 0.1mM dNTP and 1U of Tag DNA
polymerase. Amplification was done in a Thermal
cycler (PTC-100, M.J. Research. INC). withaninitial
denaturation at 93°C for 3 minutes and then
denaturation at 93°C for one minute, annealing at 36°C
for one minute, extension at 72°C for one minuteand a
final extensionat 72°C for 5 minute. Amplified products
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weresizefractionated in 2% agarose gel and visualized
by Ethidium bromide staining.

Each profile was compared on the basis of the
presence (1) versus absence (0) of amplified band. The
data generated from RAPD for each isolate were
pooled. A genetic similarity matrix was cal cul ated based
on the method of simple matching coefficient and the
values were used to generate a similarity matrix. The
resulting matrix was analyzed for clustering of the
isolates by the un-weighted pair-group with arithmetic
averages (UPGMA). All calculations were conducted
by using the computer program NTSY S 2pc (Rhoalf,
1990).

RESULTS AND DISCUSSIONS

Twenty Fusariumisol ateswere found to be associated
with the long duration rice cultivars Pooja, Lunisree
and Saralaat CRRI, farm. Theseisolates were grouped
in to ten major colour groups, following the “R.H.S.
Colour Chart numbers” (Table 1). Colour variability was
observed among the cultures, i solated from the sampl es
of cultivar drawn from the same seed lot.

Variability in seedling vigor was observed when
exposed to Fusarium species. The vigour index of
Utkalprabha seedlings, treated with Fusarium isolate
number F14A was amost double than the untreated
control. The vigour index of Savitri seedlingsincreased
threetimes after trestment with F14A. Virulent i solates
F55 and F55A caused seedling mortality in both the
cultivars. Isolate F22, F45 and F47 considerably reduced
the vigour of Savitri seedling whereas F36, F82, F90
and F91did not affect this cultivar. More than 50%
reduction in vigor of Utkalprabha seedlings was
observed by F36, F45 and F82 (Figurel). Roots of
seedlings were damaged by F36, F47, F82, F45, F90,
F91, and F22. Root weight of F14A treated seedlings
wasat par with untreated control (Figure 2).Maximum
mycelia weight was observed in F22 followed by FO1
and F14A (Table 2).

Amplification resulted in the generation of 122
fragments (Figure 3) between isol ates out of which 95%
were polymorphic asobserved by Muller et al. (2005).
Coefficient of smilarity among Fusariumisol atesranged
from 37-89% (Table 3). Dendrogram showed that the
isolates can be grouped in to two major clusters
(Figure4). Thefirst cluster consisted of eight isolates



Table 1. Passport dataand Colour of Fusariumisolates
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* |solate ID Isolated from **Colour Group **Colour No. PD broth colour Colour of
rice variety on PDA surface on PDA bottom cultural filtrate

Fo1 Lunisree Grey Red 179D 159A 19D
F81 Pooja Grey Red 179D 76D 19D
F55 Sarda Grey Red 186A - -
F76 Pooja Orange 24C 80D 36A
F44 Sarda Red 43D 38A 39A
F90 Sarda Red 44B 63D 26D
F56 Sarda Yellow 4D 32B 32C
F31 Sarda Yellow 4D 158B 30D
F47 Sarda Yellow 4D 25B 18A
F45 Sada Red purple 58A 39A 42B
F57 Sada Red purple 58A 35A 25C
F55A Sarda Red purple 59A 158A 11D
F52 Sada Red purple 59A 37A 11C
F14A Pooja Purple 76A 34A 32A
F72 Pooja Purple 76B 69C 19D
F39 Sarda Violet 83C 43B 39B
F82 Sarda Violet 84A 45A 34A
F42 Sarda Violet 84A 68D 37A
F22 Sarda Violet 84A 33C 25C
F36 Sarda Violet 84A 157C 30C

*CRRI, Plant Pathology culture collection **As per (Royal Horticultursl Society, London: Flower Council of Holland, Leiden) R.H.S.

Colour Chart.

Table2. Growth of Fusariumisolateson PD broth and their

effect onroot growth

Isolate|.D.  Mycelia Utkalprabha Savitri

wt.(gm.) Root wt **(mg) Root wt

** (mg)

F22 4777 125 10
F36 2.894 5 25
F14A 4,122 15 125
F44 2.883 7.5 7.5
F45 2.747 125 10
F47 3.422 10 7.5
F55 2417 0 0
F55* 3.463 0 0
F82 3.814 10 7.5
F90 3.711 125 7.5
Fo1 4.448 15 10
Control 0 15 125

**Root wt. (mg) of 10 seedlings.

consisting of four subgroups: a) F14A; b) F36, F42,
F55; ¢) F44, F91, F55A; d) F45. The second cluster
consisting of four isolateswith three subgroups: a) F22,
FA7; b) F82 ; ¢) F90.

Isolate F14A was found to be different from
other isolates at molecular and virulence level. This
purple coloured isolate wasfast growing and avirulent
and can be used in pathogen derived resistance (PDR)
for management of seed discolouration of rice.

Seed borne Fusariumisamajor yield congtraint
for long duration rice cultivars. The pathogen derived
resistance (PDR) which has been evolved from cross
protection is an effective and eco-friendly method for
management of this pathogen. Virulence studies
indicated that isolate F-14A isavirulent and molecular
analysis lead to conclude that F-14A is genetically
diverse from all other isolates. The vigour index of
Utkalprabha seedlings, treated with Fusarium isolate
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Fig. 1. Effect of Fusariumisolates on Vigour Index of rice Fig.2. Effect of Fusarium isolates on root weight of rice
cultivars cultivars

Primer AP12h Primer R-108
F14A F22 F36 F42 F44 F45 F47 F55 F55A F82 F90 F91 1kb+ F14A F22 F36 F42 F44 F45 F47

1kb+ FS5 F55A F82 F90 F91 1kb+

Fig. 3. Agarose gel analysis of RAPD amplified products of 12 Fusarium isolates with primer AP12h and R108 (Numbers
correspond to isolates, 1kb+ molecular markers)
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Table3. Matrix for thesimilarity coefficients obtained between Fusarium isolatesafter the RAPD assessment.

F14A F22 F36 F42 F44 F45 F47 F55 FS55A F82 Fo0 Fo1
F14A 1
F22 0.74 1
F36 0.68 0.63 1
F42 0.79 0.74 0.89 1
Fa44 0.68 0.58 0.74 0.74 1
F45 0.74 0.68 0.74 0.79 0.79 1
Fa7 0.63 0.84 0.58 0.68 0.58 0.63 1
F55 0.61 0.55 0.87 0.82 0.82 0.71 0.55 1
F55A 055 0.5 0.71 0.66 0.82 0.66 0.5 0.84 1
F82 0.55 0.76 0.55 0.66 0.55 0.61 0.76 0.53 0.42 1
Fo0 0.55 0.71 0.39 0.5 0.5 0.61 0.76 0.42 0.37 0.68 1
Fo1 0.66 0.61 0.87 0.76 0.82 0.76 0.55 0.79 0.79 0.58 0.47 1
F14A Press, Inc, Florida.
| F36 GuerraTMD, Mellado E, EstrellaM C, Gaztelurrutial, Navarro
F42 JIV and Tudela JLR 2000. Genetic Similarity among
(=5 One Aspergillusflavus Strain isol ated from a Patient
Faa Who Underwent Heart Surgery and Two
—| Environmental Strains Obtained from the Operating
Fal Room. 38(6): 2419-2422.
— F55A . . . L
S LiuD, ColoeSz Baird R, and Pedersen J 2000. Rapid Ml_nl-
Preparation of fungal DNA for PCR, Journd of Clinical
{ F2 Microbiology 38 (1): 471.
P Mesdu, Weststeijn EA, Herlaar F, Lambalk J0M, Wijbrand J,
F&2 Haring MA and Cornelissen BJC 1999. Biological and
FO molecular characterization of Fusarium oxysporumf.
056 058 B0 Q61 063 65 067 068 070 072 074 075 077 79 0BL B2 034 086 OB 0D sp. lycopersici dividesrace 1 into separate virulence
Silarity Coefficient groups. Phytopathology 81:156-160.

Fig. 4. Dendrogram derived from cluster analysis showing
relationship among the 12 Fusarium isolates.
Genetic similarity wasobtained by RAPD markers.

number F-14A was almost double than the treated
control. Thevigour index of Savitri seedlingsincreased
three times after treatment with F-14A. This suggests
that isolate F-14A can be used for effective
management of this disease by pathogen derived
resistance.
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