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ABSTRACT

Seed health  is one of the im p o r ta n t  aspec ts  in p rev en t in g  the 
transm ission  o f  pa thogen ic  seed-borne  m ic roo rgan ism s  a n d  in identify ing  and  
m inim izing possible m ycotoxin p ro d u ce rs  in food. T h is  s tudy  w as conduc ted  to 
investigate the o ccu rren ce  o f  fungi in fou r  accessions o f  rice and  m aize o b ta in ed  from  the 
seed b a n k  of the N ational Institu te  o f  Agrobiological Sciences, J a p a n  (N IAS G ene  bank). 
Fungal isolation an d  m orpho log ica l identification  w ere  cond u c ted  a cc o rd in g  to the 
published taxonom ic  p ro ced u res .  .Molecular analysis based  on DMA sequenc ing  of 
specific gene reg ions (H is tone H3 gene region, ITS region o f  r ibosom al DNA) w ere  also 
p e rfo rm ed  on 14 species ou t o f  24 isolated species. T he  nucleo tide  - nucleo tide  BLA ST 
search  and  s u b se q u en t  phylogenetic  analysis w ere  p e r fo rm e d  fo r  f u r th e r  precise 
identification. Based on the  DNA sequencing  d a ta ,  fou r  species o f  F u sa r iu m , two species 
o f  PenicilUum  a n d  th ree  species o f  A sperg illus  w ere  identified . T h e  F u sarium  (F2) isolate 
from the maize show ed  9 9 %  DNA homology w ith  the B L A ST  sea rch  and  it was nested 
within a clade toge the r  with the G ene b ank  accession o f  two s tra in s  o f  F usarium  
verticillioides (A F 150858, A F 150860) s u p p o r ted  w ith  a high (1 0 0 % ) b o o ts tra p  value. 
This is the f irs t r e p o r t  o f  this species from  J a p a n .

K E Y W O R D S : DNA sequencing. Ear rot, Fumonisin, Fusarium  vertic illio ides , Maize, Seed 
health.

A n n a l s  o f  t h e  S r i  L a n k a  D e p a r t m e n t  o f  A g r i c u l t u r e .  2 0 0 8 . 1 0 : 1 9 1 - 1 9 8 .

INTRODUCTION

Seeds are an internationally important commodity in world 
agriculture and approximately 90% of the crops are propagated by seeds. Use 
of clean and healthy seed is an important prerequisite for better crop 
establishment and production. Seed health concerns the quality status of the 
seed which may be used either as farmer's planting material or as germplasm 
for crop improvement. Seed health testing is a tool for managing and 
minimizing seed borne diseases and it is a part of the entire disease control.

Seeds are the passive carriers for many forms of fungi, bacteria, 
viruses and insects. Systemic transmission of fungi from seed to seedling is 
well documented (Manandhar et al.. 1998. Shresfha et al.. 2000). Hutchins and 
-Reeves (1997) have reported that the Curvuiaria spp.. Alternaria padwickii, 
Fusarium moniliform and bipolar is oryzae are major pathogens in rice. Rust, 
southern corn leaf blight and stalk rot or ear and kernel rots are the most 
prominent diseases among maize fields (L i and Wu, 1986). In addition.
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m v c o t o x i n  p r o d u c t i o n  in  f o o d  is a p p a re n t .  Fusarium  sp p .  Penicillium  sp p .  a n d  
A sperg illus  sp p .  a re  th e  t h r e e  m o s t  im p o r t a n t  m v c o t o x i n  p r o d u c i n g  fu n g a l  
g e n e r a  w i t h  r e s p e c t  to  a n i m a l  a n d  h u m a n  h e a l t h  ( M o s s ,  1 9 9 6  ).

M o r e o v e r ,  it is im p o r t a n t  to  t e s t  th e  s e e d  h e a l th  to g e th e r  w i th  
b e t te r  k n o w l e d g e  o f  th e  s p e c i f i c  s p e c ie s  o f  f u n g i  f o r  th e  in c r e a s e d  p r o d u c t io n  
o f  f o o d  f o r  th e  d e n s e l y  p o p u l a t e d  w o r ld .  C o r r e c t  i d e n t i f i c a t i o n  o f  s p e c ie s  is a n  
im p o r t a n t  f a c to r  in  s e e d  h e a l t h  a n a ly s i s .  M o r p h o l o g i c a l  c h a r a c t e r s  a re  n o t  
s u f f i c i e n t  f o r  th e  p r e c i s e  i d e n t i f i c a t i o n  o f  th e  s p e c ie s .  M o l e c u l a r  a n a ly s i s  o f  
s t r a in s  h a s  m a d e  it  p o s s i b l e  to  a s s e s s  t h e i r  g e n e t i c  d i f f e r e n c e s  a t  the  D M A  
le v e l .  T h i s  s tu d y  w a s  p e r f o r m e d  a t  th e  N I A S ,  G e n e  B a n k .  N a t i o n a l  I n s t i tu te  o f  
A g r o b i o l o g i c a l  S c i e n c e s .  T s u k u b a .  J a p a n  to  id e n t i f y  th e  a s s o c i a t e d  fu n g a l  
s p e c ie s  in  r i c e  a n d  m a iz e  s e e d  s a m p l e s  b y  m o r p h o l o g i c a l  a n d  m o le c u la r  
a n a ly s i s .

M E T H O D O L O G Y

Fungal isolation

T w o  (2 )  a c c e s s i o n s  o f  r ic e  v a r i e ty  H a t s u t o k a c h i  (L  9 4 4 0 .  L 
9 4 4 1 )  a n d  T w o  (2 )  a c c e s s i o n s  o f  m a i z e  s e e d  v a r i e ty  " K a w a g i n u ” (L  1 8 0 2 .  L 
2 0 8 0 6 7 )  o b t a i n e d  f r o m  th e  N I A S  G e n e  b a n k  w e re  a n a ly z e d .  T e n  s e e d s  w e re  
s e le c te d  f r o m  e a c h  a c c e s s i o n ,  a n d  w e r e  p l a c e d  s e p a r a t e l y  o n  th e  S N A  
( S y n th e t i c  l o w  N u t r i e n t  A g a r )  p la t e s  in  9 c m  p e t r i  d i s h e s  f o r  th e  d e t e c t io n  a n d  
i s o l a t i o n  o f  m i c r o o r g a n i s m s  w i th o u t  w a s h in g  o r  s t e r i l i z a t i o n  p r o c e d u r e s .  
T h e s e  c u l tu r e s  w e r e  e x a m i n e d  m i c r o s c o p i c a l l y  f o r  th e  f u n g a l  o c c u r r e n c e  a t  
o n e  w e e k  in te r v a l  u p  to  o n e  m o n th .  I s o la t e d  f u n g a l  s p e c ie s  w e r e  c u l tu r e d  on  
S N A  a n d  th e  p u r e  c u l t u r e s  w e r e  m a i n t a i n e d  a t  r o o m  t e m p e r a t u r e .

Morphological identification

F o r  m o r p h o l o g i c a l  i d e n t i f i c a t io n ,  f o u r  d i f f e r e n t  t y p e s  o f  c u l tu r e  
m e d i a  w e r e  u s e d .  S y n th e t i c  N u t r i e n t  A g a r  ( S N A )  m e d i u m  to  in d u c e  
c o n i d i o g e n e s i s  a n d  to  e x a m i n e  c o n id i a l  s t r u c tu r e s ,  a n d  P o t a t o  D e x t r o s e  A g a r  
( P D A ) .  C z a p e k  Y e a s t  A g a r  ( C Y A )  a n d  M a l t  E x t r a c t  A g a r  ( M E A )  to  s tu d y  th e  
c o lo n y  c h a r a c t e r i s t i c s .  C u l tu r e s  w e re  e x a m i n e d  m i c r o s c o p i c a l l y  u n d e r  lo w  
m a g n i f i c a t i o n  (x  1 5 0 )  o f  a  N i k o n  o p t ic a l  m i c r o s c o p e  to  s tu d y  m o r p h o l o g ic a l  
f e a tu r e s  o f  th e  a e r i a l  m v c e i i a .  W h e n  s p o r u l a t i o n  w a s  o b s e r v e d  in  th e  c u l tu r e s ,  
a g a r  b lo c k s  c o n t a i n i n g  c o n id ia l  s t r u c tu r e s  w e r e  m o u n t e d  o n  a  m ic r o s c o p i c  
s l id e  w i t h  a  d r o p  o f  s te r i l e  d i s t i l l e d  w a te r  a n d  e x a m i n e d  a t  a  h ig h  
m a g n i f i c a t i o n  (x  6 0 0 ) .  D i a g n o s t i c  m o r p h o l o g i c a l  f e a tu r e s  w e r e  r e c o r d e d  fo r  
e a c h  s t r a in  a n d  m o r p h o l o g i c a l  i d e n t i f i c a t i o n  w a s  c o n d u c t e d  a c c o r d i n g  to  th e  
p u b l i s h e d  t a x o n o m i c  p r o c e d u r e s .
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M olecu lar id en tifica tion

Fourteen fungal isolates were cultured on SNA plates in 5 mm 
diameter paper disks and incubated for 5 to 7 days at the room temperature. 
Mycelia covering and penetrating paper disks were harvested and DNA 
templates for PCR (Polymerase Chain Reaction) were prepared using 
chloroform-isoamyl-alcohol (CIA) method (T.Aoki, personal communication). 
Amplification of DNA fragments by PCR was conducted for P e n ic i l l iu m  spp. 
and A s p e r g i l lu s  spp. using ITS (Internal Transcribed Spacer) primers (White 
e t  al., 1990) and for F u s a r iu m  spp. using H3-la, H3-lb primer pair (Steenkamp 
e t  a l.. 1999) and H3F1, FI3R1 primer pair (O'Donnell e t  a l . , 2004) with the 
following program: initial denaturation at 95 C for 15 min, primer annealing at 
94 C for 30 sec, and 54 C for 1 min 40 cycles and 72 C for 10 min for 
extension. Amplified products were examined using 2% Agarose gel 
electrophoresis in 0.5x TBE buffer. Gels were observed using a Gel Imager.

PCR products were purified using QIA Quick PCR purification 
Kit (QIAGEN) and DNA concentration was checked using Nano Drop1111‘Nano 
Drop Technologies Inc.). A set of eight different primers for ITS region (ITS5, 
ITS2, NL1, NL3, NL4, NL3C, 1TS4 and ITS2), and two sets of primers for 
Histone H3 regeion (H3-la -t- FI3-lb or H3F1 — H3R1) were used for 
sequencing reaction. Big Dye Terminator version 1.1 (Applied Biosystems 
l’nc.), 5x PCR buffer, and distilled water were used for the sequence reaction, 
under the following program, 96 C for 1.5 min., 96 C 10 sec. 50 C 5 sec, 60 C 
4 min. (25cycles) and holding at/4 C. After the sequencing reaction, products 
were purified by using DyeEx Spin Columns (QIAGEN) and were run on an 
Applied Biosystem 377 DNA sequencer. Data was analyzed using GENEDOC 
package. The sequencing matrix of F u s a r iu m  species were obtained by 
multiple alignment, using Clustal X, version 1.81 (Thompson e t  a l ., 1997) and 
phylogenetic analysis was performed. The nucleotide-nucleotide BLAST 
(Basic Local Alignment Search Tool) equipped in the internet site of NCBI 
(National Center for Biotechnology Information. USA; 
http://www.ncbi.nlm.nih.gov/BLAST/) was used to determine the DNA 
homology of these isolates.

RESULTS AND DISCUSSION

F un gal id en tifica tion  based  on m orp h o log ica l and m o lecu la r  ch aracters

Out of twenty four isolates obtained from the seed samples 
examined, seven isolates of F u s a r iu m , four isolates of P e n ic i l l iu m  and three 
isolates of A s p e r g i l lu s  were further subjected to precise identification at 
species level. Morphological characters were examined i n  detail a c c o r d i n g  to  
the published taxonomic literature. The fourteen fungal isolates identified o n  
the morphological characters are shown in Table 1.
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Table 1. M orphological identification of representative fungal isolates.

I s o la te s O r ig in M o r p h o lo g ic a l  I.D .
FI Rice F u sariu m  fu j ik u r o i
F2 Maize F u sariu m  cf. v e r tic il l io id e s
F3 Rice F u sariu m  sp o ro tr ic h io ic le s
F4 Rice F u sa riu m  a v e n a c e u m
F5 Rice F u sa riu m  in ca rn a tu m
F6 Rice F u sa riu m  e q u is e t i
F7 Rice F u sa riu m  a  s ta t ic  urn
PI Rice P en ic illiu m  sp.
P2 Maize P en ic illiu m  sp.
P3 Rice P e n ic illiu m  sp.
P4 Maize P en ic illiu m  sp.
A  i Rice A sp erg iU u s c f. ja p o n ic u s
A  2 Maize A sp erg iU u s c f. f t  civ us
A3 Rice A s p e r g il lu s sp.

Based on morphology, especially on those of conidial 
structures, seven isolates (species) of F u sa r iu m  were identified to species level. 
However, four isolates of P e n ic i l lh tm  and one isolate of A s p e r g i llu s  were 
unable to be identified further due to the difficulty which arise at the 
morphological (phenotypic) characterization. Two isolates of A sp e rg illu s  
were considered to be closely related morphologically to two known species 
of the genus, A . j a p o n ic u s  and A . f la v u s .

Results of identification of the 14 fungal isolates based on the 
DNA sequence data are given in Table 2.

The amplification of DNA fragments of Histone H3 gene 
regions of the isolates FI and F7 was unsuccessful; no DNA sequence data 
were obtained for these isolates. The procedures followed for obtaining DNA 
sequence data on Histone H3 gene region were successful on the isolates F6. 
However, no comparable DNA sequence data were found for the identification 
of the strain at the species level with the BLAST or T. Aoki's data. Based on 
the DNA sequence data, four isolates (species) of F u sa r iu m . two isolates 
(species) of P e n ic i l l iu m  and three isolates (species) of A s p e r g i l lu s  were 
identified at species level. However, two isolates of P e n ic i l l iu m  could not be 
well identified at species level, because the Genebank accessions of the DNA 
that were closely related to the sequence data on these isolates were for an 
unidentified species of P e n ic i l l iu m , i.e. NRRL 28143. In total 9 species were 
then identified from 14 isolates examined.
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T a b le  2 . M o l e c u l a r  i d e n t i f i c a t io n  o f  r e p r e s e n t a t iv e  f u n g a l  i s o la t e s .

Isolates M olecular I D.
FI (-)* ** *** ****
F2 Fit sari um vertic ill i o ides

F3 Fusariitm  sporotrieh io ides
F4 Fusarium avenaceum
F5 Fusarium incarnatum
F6

****
F7 (-)*
PI Penicillium  sp.

(most'related to NRRL 28143)
P2 Penic ill ium verruc til os um
P3 Penicillium  sp.

(most related to NRRL 28143)
P4 Penicillium  citrinum
AI Aspergillus japon icus
A2 Aspergillus fla vu s
A3 Aspergillus versicolor

Identification Criteria

Histone H3 /  BLAST SEARCH 
(99%I.D.)**-f- phylogenetic analyses*** 
Histone H3 / phylogenetic analyses 
Histone H3 / phylogenetic analyses 
Histone H3 / phylogenetic analyses

ITS / BLAST SEARCH (99% LD.)

ITS / BLAST SEARCH (98% LD.)
ITS i  BLAST SEARCH (99% l.D.)

ITS I BLAST SEARCH (99%  LD.)
ITS /  BLAST SEARCH (99% LD.)
ITS / BLAST SEARCH (99% I D.)
ITS / BLAST SEARCH (99% LD.)

* Amplification o f  DNA fragments was unsuccessful
** % DNA homology
*** Phylogenetic analyses together with the data-set on Histone H3 region for 

Fusarium  species compiled at the NIAS Genebank
**** Sequence data on Histone H3 region obtained, but no comparable data found

M olecu lar p h y logen y  o f  F u sariu m  iso lates
//

Neibour-joining (NJ) analysis based on the DNA sequence data 
of the Flistone H3 gene regions was conducted on the seven F usarium  isolates 
together with the data downloaded from the Genbank site 
http://wwrw.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Nucleotide) and T. Aoki's 
personal DNA sequence data-set on Japanese species of F usarium  compiled at 
the NIAS Genebank (T. Aoki. Personal Communication). A NJ-phylogenetic 
tree created by the analysis is presented in Figure 3.

Bootstrapping values more than 50 % are also indicated on the 
node of each clade of the tree. The F2 isolate from maize was nested to a 
clade together with the accessions of two strains of F usarium  vertic illio ides  
(AF 150858, AF 150860) supported with a high (100%) bootstrap value. 
However, it deviated from the F usarium  vertic illio ides  position for the isolate 
from the imported banana from Mexico to Japan, although the whole F. 
verticillioides-cXade  was supported with a high (100%) bootstrap value. 
Similarly, the isolates F3, F4 and F5 were nested to the F usarium  
spororrichioides-cla.de. the F usarium  a venaceum -c lade and the F usarium  
incar natum-cXade. respectively, based on DNA sequences of the Histone H3 
gene region. The FI, F6 and F7 isolates from rice were not identified at the 
rank of species based on DNA sequences, however, these isolates were



196 SENEV1RATHNA and AOKI

identified as Fusarium fujikuroi. F. equiseii. and F. asiciticum based on 
morphological characters.

99
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Figure 3. A N J-phyiogenetic  tree  on F usarium  species exam ined  based on the DNA 
sequence d a ta  o f  the Histone H3 gene regions.

NJ Tree. Histone H3. 458 bps, #. %  bootstrap value

In this study, based on the morphological and molecular 
analysis, the maize isolate (F2; Fig. 1)) was identified as F. veriiciilioides and 
was deposited at the xMieroorganisms Section of the NIAS Genebank under the 
accession no. MAFF 240085. This is the first report of this species isolated



f ro m  J a p a n .  H o w e v e r ,  t h i s  s p e c i e s  h a s  b e e n  r e p o r t e d  f r o m  J a p a n  o n l y  o n  th e  
t r a p p e d  m a t e r i a l s  d u r i n g  th e  p l a n t  q u a r a n t i n e  i n s p e c t i o n  p r o c e s s  o f  im p o r t e d  
b a n a n a  f r o m  M e x i c o  ( H i r a t a  ei al., 2 0 0 1 ) .
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Figure {. M ycelium of F usarium  verticillioides g row n in a cu l tu re  plate.

F usarium  vertic illio ides  is  a  w i d e l y  d i s t r i b u t e d  p a t h o g e n  w h ic h  
c a u s e s  c o r n  s e e d l i n g  b l ig h t ,  r o o t  ro t .  s t a l k  r o t  o r  e a r  r o t  ( K o m m e d a h l  a n d  
W in d e i s .  1 9 8 1 ) .  T h e  m a i n  f e a t u r e  o f  th i s  s p e c i e s  is l o w  le v e l  o f  s y m p t o m s .  
W h e n  th e  p l a n t  is a t  s t r e s s e d  c o n d i t i o n ,  f u n g u s  c a n  c a u s e  d i s e a s e .  T h e  m o s t  
im p o r t a n t  i n f e c t i o n  m e t h o d  is t h r o u g h  s e e d .  A n  i m p o r t a n t  f e a tu r e  o f  th e  
s p e c ie s  is th e  p r o d u c t i o n  o f  f u m o n i s i n s  ( B 1) t h a t  h a s  a  p o t e n t i a l  t o x i c i t y  fo r  
h u m a n  w h ic h  c a u s e  e s o p h a g e a l  c a n c e r  in  h u m a n  ( M a r a s s .  1 9 9 5 ) .  i t  a i s o  h a s  
s o m e  e f f e c t  o n  b r a in ,  l i v e r  a n d  lu n g s ,  k i d n e y s ,  g a s t r o i n t e s t i n a l  t r a c k  a n d  b lo o d  
c e l l s .

C O N C L U S I O N S

T h e  t w o  a c c e s s i o n s  o f  m a i z e  s e e d  s a m p l e s .  J a p a n e s e  v a r i e t y  
‘‘K a w a g i n i U  w h i c h  h a d  b e e n  s t o r e d  in g e n e  b a n k  L 1 8 0 2  (2 8 /0 1  / 1 9 9 9 )  a n d  L 
2 0 8 0 6 7  ( 2 7 / 0 5 / 2 0 0 2 )  w e r e  i n f e c t e d  w i t h  F usarium  vertic illio ides  w h i c h  h a s  
n o t  y e t  b e e n  id e n t i f i e d  in  J a p a n .  M o l e c u l a r  a n a l y s i s  b a s e d  o n  D N A  
s e q u e n c i n g  is th e  h i g h l y  s e n s i t i v e  a n d  a c c u r a t e  m e t h o d  f o r  c h a r a c t e r i z i n g  
f u n g i  p r e s e n t  in  m a i z e  s e e d s .
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