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The  sensitivity  of  Mdgnaporthe grisea te Metorninostrobin

(ORIBRIGHT"', a  Qol fungicide) was  examined.  Six isolates col-

lected in 1999, prior te the introduction of  metominostrobin,

were  tested by conducting  in vivo  assays  to estab]ish  a baseline

for the sensitivity  of  the fungus. The mean  value  of  the ECso

(ranging from O.65 to 1 l.8 "g/ml) was  3.3 "g/rn]. Ninety  isolates

were  collected  in 2001-2003 and  56 isolates were  subjected  to in

vivo  assays,  ECs[} values  ranged  from less than O.1 to 9.4uglml

and  no  significant  difference to the baseline was  observed.  A

point mutation  at  nucleotide  positien +428  or  +387  in the cy-

tochrome  b gene, resulting  in the  replacement  of  glycine 143

with  alanine  (G143A) or  of  phenylalanine 129 with  leucine

(F129L} at the amino  acid  position ofcytochrome  b known  to be

the  cause  of  resistance  to Qol, was  not  observed  in any  ofthe  96

field isolates including the six  cellected  in 1999. @Pestieide Sci-

ence  Society of  Japan

Kevwords: metominostrobin,  cytochrome  b, thgnaporthe

gri'sea, point mutation.

INTRODUCTION

Strobilurin-based fungicides have proven to be very  effective  in

controlling  plant djseases. As their mode  of  action  is the inhibi-

tion of  the Qo site of  the mitochondrial  cytochrome  bcd

complex,i'2i  these fungicides are  known as  Qo inhibitors (Qol).
However, after  some  years on  the market,  reports  of  resistance  to

*
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these compounds  by several  phytopathogenic  fungi including

Btumeria graminis f. sp. hotdei,j) B. gruminis  £  sp. tritici,4) to,-
cosphaerella.fijiensis,5)  fodosphaera  .fusca,6) Pseud(rperonospora

cubensisth)  or  tenturia inaequalisi: have  emerged.  This resistance

to Qel is associated  with  a sing]e  point mutation  Cguanine to cy-

tosine)  at  nucleotide  pesition +428  in the  mitochondrial  cy-

tochrorne h gene resulting  in change  from gtycine (G) to alanine

{A) at amino  acid  position 143. GI43A.  In 2003. a single  point

mutation  (cytosine to adenine)  at  nuc]eetide  position +387  in the

mitochondrial  cytochrome  b gene  ef  ll},ricularia grisea (teleo-
morph,  Mdgnaporthe grisea) resulting  in an  amino  acid  change

from phenylalanine {F) to leucine (L} at position 129, F129L.

was  identified in perennial ryegrass (Lotium perenne)  and  re-

ported as  a cause  oflower  levels of  resistance  to Qol fungicides
in the USA,g)

  Metominostrobin <ORIBRIGHT'') is a  systemic  fungicide used

to  treat  rice  diseases by water  surface  application  and  shows  ex-

cellent eMcacy  both for leaf and  panicle blast caused  by imgna-

porthe grisea. Metominostrobin and  another  Qol fungicide,

azoxystrobin,  were  registered  in 1998  and  both haye been used  to

control  rice blast since  I999 in Japan. We  have  been monitoring

the sensitivity  to metominostrobin  and  mutations  in the  cy-

tochrome  b gene in field isolates of  iV/  grisea, Though these two

products have been on  the market  for some  time,  they  have been

used  in ]irnited areas  and  no  reduction  in control  eMcacy  has

been reported  so  fan Therefore the results  for 1999 are  consid-

ered  to be the baseline data.

M,d(I]ERIALSANDMETHODS

1. Mtignaporthegrisea lsolates

Isoiates collected  from paddy fields at six  locations in Japan in

1999, prior to the introduction ef  rnetominostrobin,  were  tested to

establish  a  baseline for the sensitivity  ofthe  fungus, Fifty-six iso-

lates collected  frorn paddy  fields in 2001-2003 were  tested for

sensitivity  to metominostrobin.  Ninety-six isolates, including the

six  isolates cellected  in 1999 and  56 cogiected  in 2001-2003 and

assayed  for sensitivity  to metominostrobin,  were  subjected  to a

PCR-RFLP  anatysis.  Ine 86-l37, a  laboratory strain  of  M, grisea
isolated in l986 and  provided by the National Agricultural Re-

search  Ccnter, was  used  as  a reference  of  the sensitiyity  or  in the

PCR-RFLPanalysis,

  M/ grisea was  isolated from diseased leaves or  panicles as  foi-

lows. Detached leaves er  panicles were  placed on  the inner sur-

face ofthe  lid ofa  petri dish containing  water  agar  and  incubated

for 24 to 48  hr at  25eC.  A  single  germinated conidium,  which  had

failen from the sporulating  lesions onto  the surface  ofthe  water

agar,  was  picked up  with  a  needle  under  a mieroscope  and  main-

tained on  potato dextrose agar  (PDA). Deta{ls on  the iselates col-

lected and  used  in this study  are  shown  in Tables 1 and  2.

2, Assessment ofSensitivity to Metominostrobin

  Rice plants in the 3rd to 4th leaf stage  <cultiyar Aichi-Asahi,
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Table 1.Field  isolates ofMtignuporthe  grisea cellected  in1999

Isolatc ne.
PlaceofisolationMeteminostrebin

          a)

  expesure

Declineofrice

blastcontro]b)

 ECso(Ug/ml)Restrictionpattern

   with  ltal`')Restrictionpattcrn   with  StyId]

99-31-O04

99-31-O07

99-40-e21

99-03-e47

99-34-O05

99-25.001

OkayamaOkayamaFukuokaIwateHireshima

Shiga

oooooo  3,1

 O.65

 1.8

 1,4

 1.91L8

WtwtwtWtWtwt WtwtwtWtWtWt

"i
 Frequency  ofapplication  ofmeteminostrebin  in the paddy field. 

h)Decline
 ofrice  blast control  on  treatment

sampling  year. 
`')Restriction

 pattern of  the  internal 879bp  of  cytoehrome  b with  ltal. d)Restriction  pattern
techrome  b with  St.vl. 

-:
 No  application  of  rnetominostrobin,  wt;  wild-type.

Ihble 2.FieldiselatesefMbgnaporthegriseacollectedin2OO1-20e3

with  metominostrobin

of  the  internal S79bpin

 theof

 cy-

Isolate no.
PlaceofisolationMetominestrobin

          a)

   expesure

Decline ofrice

blastcontrolh]

 ECso(uglml)Restrictionpattern

   with  ltalC)Rcstrictionpattern   withStyId)

2001

  Ol-OOI

  O]-O02

  Ol-O03

  Ol-O05

  Ol-O06

  el-oo7

  Ol-O08

  Ol-O09

  Ol-O13

  Ol-O15

  Ol-O19

  Ol-020

  Ol-021

  Ol-022

  Ol-023

  Ol-024

  Ol-02S

  OI-026

  Ol-027

  Ol-034

  Ol-036

  Ol-037

  Ol-039

  Ol-041

  Ol-045

  Ol-047

  Ol-OSO

  OI.OSI

EhimcFukushima

NaganoIwateMicShigaShigaShigaFukushima

Fukushima

FukuokaFukuokaHokkaideAkitaAkitaAkitaAkitaNaganoNaganeAomoriAomoriAomoriAomoriAomoriFukuekaFukuekaIwateIwate

11o1ooooo11o11o1ooooo1ooo111(Ol)(Ol)

(Ol)

(Ol)(oo)

(Ol)(ot)

(Ol)

{oo)

(oo)(Ol)(Ol)

ndnd

nd

nd

ndnd

nd

ndnd

2.16.32.3O,133,24.12,45.14.49.4O.60Ll1,25.33.94.85.7O.503.71.S2.91.75.74.76.31.9O.601.5wtWtWtWtWtwtwtwtWtwtwtwtwtwtwtWtwlWtWtWtWtWtWtWtwtWtwtwtWtWtWtWtWtWtwtwtWtwtwtwtwtwtwtWtwtwtWtwtwtWtwtWtWtWtWtwt
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lsolateno.
Placeofisolation

  Ol-052

  Ol-053

  ol-es6

  Ol-OS72002

  02-O02

  02-O03

  02-O04

  02-O05

  02-O06

  02-O07

  02-O08

  02-O09

  o2-elo

  02-Oj1

  02-O12

  02-O13

  02-O14

  U2-O15

  02-O16

  02-021

  02-022

  02-023

  02-026

  02-027

  02.029

  02-030

  02-031

  e2-032

  02-035

  02-036

  02-40

  02.41

  02-42

  02-43

  02-44

  02-45

  02-46

  02-47

  02-482003

  03-O02-2

  03-O04-1

IwateIwateSaitamaSaitama

ShigaShigaShigaShigaShigaShigaShigaShigaShigaFukuokaFukuekaFukuokaFukuekaFukuekaFukuokaFukuokaFukuokaYlamagataYimagataYarnagataYhmagataYlamagataYlimagataYleimagataHyegoHyogoFukushima

Fukushima

Fukushima

Fukushima

Fukushima

SagaSagaSagaSaga

ShigaFukui
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Table2,  (Continued)

Metorninostrobin
          d:

   cxposure

Decljne ofriee

blast contro]h)

 ECio("glml)Restrictionpattern

   withltal']Restrictionpattern   with  stvl,n

1 (Ol}1(Ol)oo

4 (98, 99, OO, O1)

4 {98, 99, OO, O1)

4 (98, 99, OO, O1)

4 (98, 99, OO, O1)

5 (98, 99, DO, O1,

5 (98, 99, eO, O1,

S (98, 99, eO, O1,

S (98, 99, OO, O1,

S (98, 99. 0e, O1,

1 (02)1

 (02)1
 (02)1
 {02)1
 {02)1

 (02)1
 (Ol)1

 (Ol)1

 (02)l(02)t

 (02)2

 (99, OO)

2 (99, OO)

2 {99, Oe)

2 {99, OO)

oooo1

 (02)oooooo

5 (98, 99, OO, O1,

e

02)02)02)02)02)

02)

ndnd

ndndndndndndndndndndnd

ndndnd

nd

 3.1

  1.7

 O,40

 O.50

 O,16<o,]<O,1

 O.14

 NT

 O.l2<O.1<e.1

 O.87

 O.4S<O.1

 O.21

 NT

 O.26

 NT

 NT

 NT

 NT

 NT

 NT

  NT

  NT

 NT

 NT

  NT

  NT

  NT

  NT

  NT

  NT

  NT

  NT

  NT

  NT

  NT

  O.19

  NT

Wtsw'twtwt

wtWtWtWtWtwtwtWtwtwtwtwtwtWtWtwtwtwtWtWtwtwtWtwtWtIVtwtWtWtWtwtwtwtwtwt

wtwt

WtwtWtWt

wtwtwtwtwtWtWtWtWtWtWtwtwtwtwtwtWtWtWtwtWtwtwtwtwtwtwtWtWtWtWtWtWtWtWt

wtWt
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Ibble2.  (Centinued)

lsolateno,
Place ofisolation Metominostrobin

         a}

  exposure

Declineofrice

blastcontrolb)

 ECso("g/ml)Restriction pattern Restriction pattern

   with  ltal') with  StyId)

03-O05-203-O09-303-OIO-303-Oll-203-O]2-303-O13-303-O14-303-Ol5-103-O16-203-O17-103-O18-303.019-103.020-103-021-303-022-103-024-203-026-203-027t3e3-028-103-029-103-030-2FukuiShigaShigaShigaShigaShigaAkitaAkitaSagaSagaFukushima

AomoriAomoriIwatetwatelwatolwateIwatcIwateIwateMiyagi

o1

 (99)1
 (03)1
 (03)ooooo1

 (03)ol

 (03)o1

 (03)1(03)1

 (03)o1

 (03}o1(03)4

 (OO, Ol, 02, 03)

ndnd

nd

nd

ndndnd

nd

ndnd

 NT

 NT

 NT

 NT

 NT

 NT

 O.10

 O.13

 O.l2

 O.16<o,1

 022

 NT<o,]

 e.14<O,1<O.1<O,1

 NT

 NT

 NT

WtWtWtWtwtwtwtwtwtwtWtWtWtwtwtWtWtWtWtwtwtwtWtWtWtWtWtwtwtwtWtwtwtwtWtwtWtWtwtWtwtwt

"]
 Frequency ofapplicatien  ofmetominostrobin  in the  paddy field. 

h)
 Decllne ofrice  blast control  on  treatment  with  metominostrobin

sampling  year. 
")Restriction

 pattern of  the  internal 879bp of  cytochreme  b with  ital. 
U)Restrictien

 pattern of  the internal 879bp
tochrome  b with  Styl. 

-:
 No  application  of  inetominostrobin.  nd/ not  observed.  NT/  not  tested. wt:  wild-type,

in theof

 cy-

cultivated  in 8-cm diameter plastic pots) were  sprayed  with

metominostrobin  (Bayer CropScience K. K,) at a  concentration

of  O.5, 2.0, 7.8, 31,3 or  125 uglml in each  of  three replieations.

Each isolate was  cultured  for seven  days at 250C on  oatmeal  agar

and  aerial  hyphae were  removed  with  a  paintbrush. Conidia

formed after  a further five days of  incubation under  BLB  light

(FL20S, Toshiba). The inoculation with  a conidial  suspension

(1.0-3.0× 105 conidialml)  of  each  isotate took  plaee one  day after

the treatment with  metominostrobin,  The number  of  lesions that
formed on  all ofthe  leaves in the three replications  was  counted

seyen  days after  the inoculation and  the protective value  was  cal-

culated  according  to the formula:

   Protective value  (%)= 1OO-(]esions on  treated  leavesllesions on

                   untreated  ]eavcs}× I OO

These  data were  pletted against  the logarithm of  the fungicide

concentration,  and  the ECso  value  was  determined by interpola-

tion of  the 50%  intercept.

3. PCR-RfiLP  Analysis for Mutations in the Cytochrome b

    Gene

Ninety-six field isolates and  Ine 86-137 were  used  to screen  for a

mutation  of  guanine to cytosine  at nucleotide  position +428  in

the mitochondrial  cytochrome  b gene (resulting in a  change  frorn

glycine to alanine  at amine  acid  pesition 143, G143A), or  cyto-

sine  to adenine  at nucleotide  position +387  {resulting in a

change  from phenylalanine te leucine at pesitien 129, F129L)  by

using  the restriction  enzymes  Ital and  St.vl.fi'X) DNA  was  extractecl

from mycelia  with  ISOPLANTk  (Nippon Gene), and  an  879-bp

internal fragment of  the cytochrome  b gene  was  ampLified  with

the Pgcytb-Fl {5'-AGTCCTAGTGTAMG  GAAGC-3')  and  Pg-

cytb-Rl(5'-PrfCTTCAACGTGTTTAGCACC-3')primerpairby

PCR,g}  and  subjected  to  restriction,  The  G143A  mutation  would

result  in the creation  ofa  third Ital site (GJC [T/A] 6C)  in the

879-bp fragment, whereas  F129L woulcl  cause  a  loss of  the StyI

site (CJC [AIT] [TfA] GG). A  picterial explanation  ofrestriction

patterns observed  in the wild-type  isolates (sensitiye) and  mu-

tants (resistant) is provided in Fig. 1.

NII-Electronic  
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      Wild'type (susceptible) Wild"type (susceptible)
AmjnuHcidp"sition129  ,sminoAcidposition143
      ...GGTTT TAGGTTAT..H--H-.--H.".H.".H.--.TGAGGTGCTACA........."..

     ...CCAAAGGAT AArlL.-.---.--H.......H..,.,,...ACTCCACGATGT.......,,,,.
          

-"
 y

             S II

        " -
         

879

 
bP
 lstyl-d,gestion 

879
 
bP
 J Ita I'digestion

         --  - t-

         (225) (654) (410) (231) (238)

      F129L'mutant  (Qol resistant)  G143A'mutant  (Qol resistant)
Amino  acid  pusLtiofi 129  An]ino acid  pogition 143

      ,..GGTTTACTAGGTTAT..-"..".-.H.-.-.H..-H.".-.H..TGA TGCTACA..H.H.-H..

      ...CCAAATGATCCAATA.".".."-..H.-.H.H.H.H."..H.HA¢ TCGA  ATGT..H.H.-.H..
          

'=-
 5it

                                           tl[

                         
879
 
bP
 ;slyI-digestion 

879
 
bP
 l lta l-digestion

                         -  - ---

                         879  (266){144)(231) (238)

Fig. 1. Cleayage model  efthe  879-bp internal fragrnent ofthe  cytochromc  b gene  in the wild-type  Csusceptible) and  mutants  {Qol rcsistant) of

Magnaporthe  grisea. S: So,I site, I: Ital site, circle/ site changed.

- -

           RESULTS  AND  DISCUSSION

The baseline for the sensitivity  to metominostrobin  of  M. grisea
coliected  from paddy fields at six  locations in Japan in l999 was

established  as  3.3uglml.  the mean  value  ofthe  ECso, by assess-

ment  in ),ivo, Thc ECsf} ranged  from O.65 to 11.8gglrn1 (Tlable 1.

Fig. 2). The  ECse  of  Ine 86-137.  a  laberatory strain  ofM  grisea
isolated in 1986. was  O. 14"g/ml,

  From  2001 to 2003, metominostrobin  provided fult control  of

rice  blast in the subjected  paddy fields (Table 2}. From  the results

of  the assessment  in vivo  of  sensitivity  to metorninostrobin  with

56 iso]ates collected  in 2001-2003, the ECso ranged  from less
than  O.1 to  9,4"glml.  There was  no  significant  differencc in the

range  of  ECso  values  between  the  isolates obtained  from the

paddy field with  a  record  of  metominostrobin  treatment, those

from  the  field with  no  rccord  of  treatment and  the isolates used  to

estab[ish  the baseline (Fig. 2, fable 2). suggesting  that no  shift in

the  sensitivity  of  the fungus to metominostrobin  occurred  frem

2001  to 2003.

  All 96 isolates of  M. grisea including thc six  used  to establish

the  baseline and  Ine 86-137 showed  a wild-type  cleavage  pattem

in the PCR-RFLP  analyses  using  Ital or  St.vt, reyealing  that no

mutation  at amino  acid  position l43 or  129 in the  cytochrome  b

occurred  in any  ofthe  isolates tested (fables 1, 2 and  Fig. 3).

  The  resistance  te Qol resulting  from F129L-mutation, found in

cytochrome  b ofM,  grisea isolated frorn gray leafspet on  peren-
nial ryegrass,  was  not  as  extreme  as  that  due to the G143A-muta-

tion found in several  pathogenic  fungi.S) In various  plant patho-

genic fungi, Qel-resistant isolates without  the G143A-mutation

play a  minor  role  in the  field.q) The mutation  F129L increased re-

sistance  to Qol by 30 to 140 fold in terms  of  the ECsv va]ue  in

comparison  to wild-type  isolates.S) The  relatively  wide  range  of

Ah::g4e:2s-aj

 o8-

ao8gg6u84::2-edi-o

Ehs!6xe-4:.2:.

 oAh::g.48:2:tEo

1999:ECso:Baseline
O.65'[mean3,3]-11.8"glml

2001EC
 so  (metominostrobin treatedl : O.13 

'
 [mean 2.8] ' 9.4 u g/ml

EC  so (metominostrebin untreated)  : e.40 
-
 [mean 3.3] ' 6.3 " g/ml

2003EC
 so (metominostrobin treatedi : <O.1  

-
 O.22 " glml

EC  so (metominestrobin untreatedl  ; <O,1-  O.13 "  glml

     (O.1  O.1-O.5 e.5-1 1･2 2-4 4-S S-12

              Range  of  ECso  value  (pglmD

Fig. 2. ECso values  tbr rnetorninostrobin  of  62 isolates ef  Magna-

porthe grisea collected  in 1999 and  2001 through  2003, M: isoiates

obtained  from rlce  in a paddy  field with  no  record  of  rnctomines-

trobin  treatment.  -: isolates obtained  from  rice  in a  paddy  fic]d with

aconfirmedrecordofmetominostrobintreatment.
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   1353
   1078
    872

879  -
    603

310281234

M  Ref  Ref  A  B  Ref  A  B

<-654

t410+238t225

+231

                    - -

                       haI  Styl

Fig. 3. PCR-RFLP  with  Ital or Styl in the field isolates of  Magna-

porthe grisea using  the 879-bp fragment ofthe  cytechrome  b gene,

M: molecular  marker.  Ref'/ ,W/ grisea, Ine 86-137  (a ]aboratory stock,
race  O07, susceptib]e  to metominostrobin,  ECso value=O.14ug/ml).
A/ M. grisea, 99-2S-OO] (a fie]d isolate obtained  in 1999, susceptible

to mctominostrobin,  ECso  value=11.8"g/m]),  B: M, grisea, 02-OIO

(a field isolate obtaincd  in 2002. susceptible  to metominostrobin.

EC,,value=O,87ttglml),

ECso values  for meteminostrobin  obtained  from our  study  of  M,

grisea field iselates had been suspected  to be the resu]t  of  the

F129L-mutation, but the PCR-RFLP  analysis  did not  support  this

hypothesis.

  The test in vitro  on  sensitivity  to metominostrobin  was  con-

ducted in the presence of  SHAM  (salycilhydroxamic acid),  which

suppresses  an  alternative  oxidase.S}  however the ECso values  fluc-
tuated between  the  replications  (data not  shown).  Thus  the in vivo
assessment  method  discussed here is usefuI  to  calculate  ECsoval-

ues  for monitoring  the sensitivity  ofrice  b]ast fungus {M, grisea)
to metominostrobin.

                  REFERENCES

1) H, Sauter, E. Ammcrmann,  R. Benoit, S. Brand  R. E. Gold, W.

   Grammenos,  H. K6hle, G. Lorenz, B. Mif11er, F. R6hl, U.

   Schirmer, J. B, Speakman,  B. Wlenderoth and  H. Wingert/ 
`"Dis-

   covery  and  Mode  of  Action;i cd.  by  G.  K. Dixon, L. G. Copping

   and  D, W  Hollomon,  BIOS  Scicntific Publishers, Oxford  pp.
   173-191,1995.

2) H. famura and  A.  Mizutani: J  Pesticide Sci, 24, 189-]96

   (1999)(inJapanese),
3) S, R Heaney, A. A. Hall, S. A. Davics and  G. Olaya/ Currcnt

   perspectives, Brighton Ctop Protection Co"ference-R?sts and

   Diseases 2, 7S5-762  (2000).
4) H. Sierotzki, J. SMJIIsehlegcr and  U. Gisi/ Ilestia Biochem. Plys-

   ioL 68, 107-ll2 (2000).
5) H, Sierotzki, S. Parisi, U. Steinfeld I. fenzer, S. Poirey and  U

   Gisi: llest lhnagement SbL 56, 833-841 {2000).
6) H, Ishii, B. A, Fraaije, T. Sugiyama.  K. Noguchi,  K. Nishimura,

   T. Takeda, T  Arnano and  D. W  Hol]omon: PloJtopathologr, 91,

   1166-1171(2001).

7) D. Zheng, G. Olaya and  W  Kollcr: Current Gentics 38, 14g-155

   (2000).
8) Y.-S. Kim, E. W  Dixon, R Vincelli and  M. L. Farrnan: 1'fpp-

   topathology  93, S91-900  (2U03),
9) K. H. Kuck and  A. Mehl: llfianzen.-Nachn Bayer 56. 3l3-32S

   (2003),

NII-Electronic  


