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80% 10

7,000

 

 

Alternaria alternata

 (Rotem 1994)  (host-specific toxin HST) 

7

 (Kohmoto et al. 1995, Thomma 2003)

HST

 (Akagi et al. 2005, Akamatsu et al. 2003, Harimoto et al. 2007, 

Hatta et al. 2002, Johnson et al. 2001, Miyamoto et al. 2009)

HST

conditionally dispensable chromosome (CDC) (Covert 1998) 1.8 Mb 

 (Akagi et al. 2009, Akamatsu et 

al. 2003, Hatta et al. 2002, Harimoto et al. 2007, Johnson et al. 2001)  
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2  
 

 
 

1.  
2  

(PDA) 2
 

: 1 cm  (Whatman, 3MM CHR  

5 5 cm
-20  

: 5 mm 20%
-80  

 (Solanum lycopersicum) 
 

 
2.  

3  
 
3. DNA  

DNA  (  2010) 3  
(Yoder  (Yoder et al. 1994) Miniprep Miniprep Suzuki  
(Suzuki et al. 2006) 

Miniprep ) 
 

 
4. RNA  
4-1. RNeasy plant kit RNA  

PDA 3 Richards 5 mm
20  (120 rpm) 

RNeasy plant kit (Qiagen) 
RNA DNA DNase /

RNA PCR DNA
GeneQuant pro RNA/DNA Calculator (Amersham pharmacia 

biotech GE ) 
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3  

 

LB  medium  1 l 
Tryptone peptone  10 g 
Yeast extract  5 g 
NaCl  10 g 
Agar powder  15 g 
   
Regeneration medium  1 l 
1 M Sucrose  342.3 g 
0.1 % Casein hydrolysate enzymatic  1 g 

0.1 % Yeast extract  1 g 
   
Crossing medium  1 l 
Ca(NO3)2 4H2O  1 g 
K2HPO4 3H2O  0.25 g 
MgSO4 7H2O  0.25 g 
CaCO3  0.85 g 
Agar  20 g 
   
PDA medium  1 l 
potato  200 g 
glucose  20 g 
agar  15 g 
   
PDB medium  1 l 
potato  200 g 
glucose  20 g 
   
V8 medium  1 l 
V8 juice  200 ml 
CaCO3  3 g 
agar  15 g 



 
 

8 

   
Buffer1 (pH 7.5)  3 l 
0.1 M Maleic acid  29.42 g 
0.15 M NaCl  26.3 g 
   
Buffer2  200 ml 
Blocking reagent  2 g 
Buffer1  200 ml 
   
Buffer3 (pH 9.5)  200 ml 
0.1 M Tris-Cl  2.42 g 
0.1 M NaCl  1.16 g 
50 mM MgCl2 6H2O  2.03 g 
   
Buffer4  1 l 
10 mM Tris-Cl (pH 8.0)   10 ml (1 M Tris-Cl)  

1.0 mM EDTA (pH 8.0)   1 ml (1 M EDTA)  

   
20xSSC (pH 7.0)   1 l 
3 M NaCl  175.32 g 
0.3 M Na-citrate  88.23 g 
   
Transfer buffer  2 l 
0.4 M NaOH  32 g 
1.5 M NaCl  174 g 
   
Probe stripping buffer  1 l 
0.2 M NaOH  8 g 
0.1 % SDS  10 ml (10 % SDS)  
   
Neutralizing buffer (pH 7.2) 1 l 
0.5 M Tris-Cl 60.5 g 
1.0 M NaCl  58 g 
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Richards medium (reviced)  1 l 

KNO3  10 g 
KH2PO4  5 g 
MgSO4 7H2O  2.5 g 
FeCl3  0.02 g 
glucose  25 g 
Yeast extract  1 g 
   
OM buffer (pH 5.8)  1 l 
1.2 M MgSO4 7H2O  296 g 
10 mM Na2HPO4  100 ml (100 mM Na2HPO4) 

pH 5.8 with NaH2PO4 2H2O   

   
ST buffer  100 ml 
1.0 M Sorbitol  18.2 g 
0.1 M Tris-Cl (pH 8.0)  10 ml (1 M Tris-Cl) 

   
STC buffer  500 ml 
1.0 M Sorbitol  91 g 
50 mM Tris-Cl (pH 8.0)  25 ml 

50 mM CaCl2 2H2O  3.65 g 

   
0.5xTBE  2, 3 l 
0.45 mM Tris-Cl  10.8, 16.2 g 
0.45 mM Boric acid  5.5, 8.25 g 
1.0 mM EDTA  0.75, 1.125 g 
   
Hybridization buffer 200 ml 
5xSSC 50 ml (20×SSC) 
1 % Blocking reagent 2 g 
0.1 % SLS 2 ml (10 % SLS) 
0.02 % SDS 400 μl (10 % SDS) 
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Solution I  100 ml 

50 mM glucose  0.9 g 

25 mM Tris-Cl (pH 8.0)   2.5 ml (1 M Tris-Cl)  

10 mM EDTA (pH 8.0)   1 ml (1 M EDTA)  

   

Solution II  100 ml 

0.2 M NaOH  0.8 g 

1 % SDS  10 ml (10 % SDS)  

   

Solution III  100 ml 

3 M potassium acetate  29.45 g 

acetic acid  11.5 ml (Add after autclaved)  

   

TE buffer  100 ml 

10 mM Tris-Cl (pH 7.5)   1 ml (1 M Tris-Cl)  

1 mM EDTA (pH 8.0)   0.1 ml (1 M EDTA)  

   

1xBromophenol Blue (BPB)   10 ml 

0.25% BPB  25 mg 

30% glycerol  3 ml 

   

Yoder's buffer  100 ml 

100 mM LiCl  10 ml (1 M LiCl)  

10 mM EDTA (pH 8.0)   1 ml (1 M EDTA) 

10 mM Tris-Cl (pH 7.4)   1 ml (1 M Tris-Cl)  

0.5 % SDS  0.5 g 

   

x % PEG  100 ml 

50 mM CaCl2 2H2O  0.73 g 

50 mM Tris-Cl (pH 8.0)   5 ml (1 M Tris-Cl)  

1 M Sorbitol  18.2 g 

PEG4000  x g 
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4-2.  

PrimeScript RT reagent Kit (Takara Bio) 

4-1 RNA  (  2010) 

cDNA  

 

5.  

5-1. Reverse transcription PCR (RT-PCR) 

RNA

cDNA RT

PCR PCR

 

 

5-2. Real-time PCR  

 Real-time PCR (Roche, Light Cycler 480) 

PCR mixture SYBR Green I (Roche, Light Cycler 480 

SYBR Green I Master) cDNA 4-2

20 μl RNA 0.8 μg milliQ

100 μl  

SYBR Green I water 4 μl PCR primer 2 μl master mix 9 μl

Light Cycler 480 Multiwell Plate 96

15 μl cDNA 5 μl

10 µM 7  

 

6. PCR 

PCR ( , TP650 TP350 , 170-9703JA eppendorf, 

95004) DNA Taq

10 20 µM Taq PCR

5 PCR 4  

 

7.  

Agarose S Agarose HS 0.5xTBE buffer  

( ) 0.5xTBE buffer

 (Mupid-exu) 
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4  

  TM  
ALT10AF gcgctaaccgcagtgtgact 67.6 
ALT10AR-SfiA cacggcctatatggcccagagccgtccttgacat 69.3 
ALT10BR ctgcctctgataccgactca 63.0 
ALT10BF-SfiB gtgggccacgcaggccagtgagatggcacccgac 74.1 
Hph-SfiA-1-ra cacggccatataggccttacactttatgcttccg 77.3 
Hph-SfiB-1-ra gtgggcctgcgtggcccttcgctattacgcca 71.2 
hph-F acgtctgtcgagaagtttc 59.0 
hph-F2 gacgtctgtcgagaagtttctg 62.9 
hph-R gtattgaccgattccttgcg 64.2 
ALT10inF tgcacatagcaatcatccg 63.2 
ALT10inR gtggcatggagtctttggtg 65.5 
ALT10homoF agatcactcgttgctgcttg 63.2 
HphA-homoR cagagattacttcaagtcag 68.3 
HphB-homoF ttacaacgtcgtgactggga 64.2 
ALT10-wholeF atgacggccaacgtaaacgtc 67.9 
ALT10-wholeR ctaactgcaacggaacaaggac 64.6 
npt-F gacaatcggctgctctgatg  
npt-R atgcgatgtttcgcttggtg  
ALT5AF1 ggcaggcagtatagatcagaatctcc 67.6 
ALT5FuAR1 atcaggtcgatgctagcatcagcaaaatctcccacatacg 81.7 
ALT5FuBF1 atgcgagtgctaccagatgtcggaaggcgtagctatagtc 80.5 
ALT5BR1 gccatggcagtcgaaactctgtatgc 73.7 
ALT5inF ttgtaggtcctgtgggttcg 67.8 
ALT5inR tgagggcccaaagatgtggc 71.5 
ALT6FuAF ggaagactgggttggtgaag 63.5 
ALT6FuAR20 atcaggtcgatgctagcatctaacgcaggccctgaatgag 83.4 
ALT6FuBF20 atgcgagtgctaccagatgtcattgcttaaggctgaggag 81.5 
ALT6FuBR caagcacggacactctagct 62.2 
ALT6inF aactccctctgtccttcgag 62.3 
ALT6inR tctccgggtgacttggccag 71.9 
TF1AF cggcaaagcgtcgtcgtgttgttgc 79.7 
TF1FuAR atcaggtcgatgctagcatcggcttaccacatgtctcaga  82.7 
TRF1BF1 atgcgagtgctaccagatgtaccggagacgccaagacgac 85.4 
TRF1BR1 gatgcgacgctgcaaccgcagaagg  80.7 
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TF1inF ccactggtcgagaagggtac  63.5 
TF1inR gacctctgcctgcgatggac  69.5 
TF1homoF gatcgctcacctgggtagac  63.6 
TF2AF gcacgatccctgcacggataaggac  75.5 
TF2FuAR atcaggtcgatgctagcatcgttgcaggccaagttgagct  85.0 
TF2FuBF atgcgagtgctaccagatgttaagaggcatccagtccgac  82.6 
TF2BR catgcgaccatgatcccttggcctctc  79.2 
TF2inF tatgctcgcagccttcatcg  68.5 
TF2inR acaaggacgcgttatcgtcg  67.1 
TF2homoF gcgtttatcccggaactgtc  65.4 
TF3AF ctcgaacatgtctcgcatgatgatcag  73.2 
TF3FuAR atcaggtcgatgctagcatcctagcatccttgacccacgc  84.5 
TF3FuBF atgcgagtgctaccagatgttatggtctgagcagccattg  82.7 
TF3BR ctactacgtgcagcagatcctagcaac  68.5 
TF3inF tctgtctgttccactggtgc  64.1 
TF3inR cagatcgtactggaagcacg 63.4 
TF3homoF gacctgcctcctgcagcaac  69.6 
TF4AF caatggcagtcgccttactcgagac  72.3 
TF4FuAR atcaggtcgatgctagcatcccttaacacagcacataacg  80.5 
TF4FuBF atgcgagtgctaccagatgtgtagtccaggatctgcacgg  84.2 
TF4BR gatgtcgggaaatacaagcacatgtg  70.7 
TF4inF tctagagatgccggaaggcg  68.6 
TF4inR cgaacggggttacattcgag 66.3 
TF4homoF gattgcctgctggcgaccag  72.4 
Ave1AFL aaggcgcagactgaggggat 69.3 
Ave1ARL atcaggtcgatgctagcatcccggacatgtctgccatctg 86.2 
Ave1BFL atcaggtcgatgctagcatcgcttgttaccgtcctccagc 81.8 
Ave1BRL tggtaggggcatattgccga 70.9 
Ave1inFL acttcatgcggacacgatgc 67.6 
Ave1inRL ccgtcctccagctccagaag 65.8 
Ave1homoF gcgatgctagaggctttgtc  63.9 
LAE1AF ggtactcgtctcgcgtaagc  63.8 
LAE1AR atcaggtcgatgctagcatcgcagcgcaggccattaacag  86.3 
LAE1BF atgcgagtgctaccagatgtgtaccacgcgactacgagag  83.0 
LAE1BR gtgacaggcagactcccttg  64.9 
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LAE1inF catgtacccgtgcgacgagg  70.9 
LAE1inR gagatccaatcccagcacct  65.3 
LAE1homoF gtgctcttacaacgctgcag  63.7 
Lae1comR ctgctgccatgccattgccg  76.1 
AGAt1AF caggctagcactagcagcag  63.0 
AGAt1AR atcaggtcgatgctagcatcgtacgtagtgatgttccgtc  80.9 
AGAt1BF atgcgagtgctaccagatgtctccgagtatgaccagctgc  83.7 
AGAt1BR gttgggttgagttggaaccg  66.5 
AGAt1inF ggagggcaagcagaggaacg  70.4 
AGAt1inR gtgctggctgcatgaagatg  67.0 
AGAt1homoF gtgatgctagtcgtcgcaag  63.6 
STE2AF cgattcgttgcgactgccgc  75.2 
STE2AR atcaggtcgatgctagcatcgattgcttgggatagcggtg  84.7 
STE2BF atgcgagtgctaccagatgtaacggctgatcaggagcgac  84.4 
STE2BR gcgaagtggttgtagcagag  62.6 
STE2inF ctgtcatggcctgcattgcg  72.2 
STE2inR tggtcgttgacgacgccagc  74.2 
STE2homoF ctggtgagctaacggtgacg  65.8 
STE2homoR ccagatagaactgagtgcag  57.5 
GPCR1-AF-re gtagtgctacagtagtaccacgaggtag 63.1 
GPCR1-AR20 atcaggtcgatgctagcatccctgagctgaaccaaaactc  82.1 
GPCR1-BF20 atgcgagtgctaccagatgtgagtaggtaatgcgctgaga  81.4 
GPCR1-BR gacgcgatacgccatagtct 64.0 
GPCR1-inF ggtagccggtaacaatgtag 58.6 
GPCR1-inR cctatgcgagcttcagggac 66.0 
GPCR1-homoF gacatgaaccacacagttgg 61.5 
GPCR2AF gtgttgacgggccctctcag 69.0 
GRCE2AR atcaggtcgatgctagcatcccaaggatgaaaacccagag 67.9 
GRCR2BF atgcgagtgctaccagatgtcaacaagggtcatcagcgag 68.9 
GPCR2BR gtatgtcgcgctatggcggc 71.6 
GPCR2inF cgcttgctcgtctttgcctc 69.4 
GPCR2inR gatcgtcgaccccttgtgtg 67.9 
GPCRhomoF cgctcttgtcctctccccag 68.5 
GPCR3AF ggcctgactcttggtccatg 67.0 
GPCR3AR atcaggtcgatgctagcatccagaactgtcaccgcaacgc 70.0 
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GPCR3BF atgcgagtgctaccagatgtcaacgagaagagccaaatcg 67.9 
GPCR3BR cataccccaacctgtggatc 64.0 
GPCR3inF gtgtgagcttgctagtgtcg 61.0 
GPCR3inR caggagcgatatttcgctcg 66.8 
GPCRhomoF acatgtcaaaggagctgcgg 67.5 
GPCR3comF caacactcccctgattaccc 63.1 
GPCR3comR cgcacatcagcacggcgag 73.9 
HPHA20-fusion gatgctagcatcgacctgatttacactttatgcttccg 77.6 
HPHB20-fusion acatctggtagcactcgcatcttcgctattacgcca 80.3 
Btub1 tccgtcgtgccttcccccaaggtctccgac 85.2 
Btub2 ggagcgaatccgaccatgaagaagtggaga 78.7 
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5 PCR  

 
 
 
 

KOD FX (TOYOBO) µl µl 

2x PCR buffer for KOD FX 25 10 
2 mM dNTPs 10 4 
Primer F (10 µM) 1 0.4 
Primer R (10 µM) 1 0.4 
KOD plus (1 U/µl) 1 0.4 
Sample DNA x x 
MilliQ 12-x 4.8-x 
Total  50 20 
   

EX Taq (TOYOBO)   µl µl 
10x EX buffer  5 2 
2.5 mM dNTPs 4 1.6 
Primer F (10 µM) 1 1 
Primer R (10 µM) 1 1 
EX Taq (5 U/µl) 0.25 0.1 
Sample DNA x x 
MilliQ 38.75-x 14.3-x 
Total 50 20 
   

LA Taq (TAKARA)   µl µl 
10x LA buffer  5 2 
2.5 mM dNTPs 8 3.2 
25 mM MgCl2 5 2 
Primer F (10 µM) 1 1 
Primer R (10 µM) 1 1 
LA Taq (5 U/µl) 0.5 0.2 
Sample DNA x x 
MilliQ 29.5-x 10.6-x 
Total 50 20 
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rTaq (TOYOBO)   µl 

10x buffer   2 

2 mM dNTPs  2 

Primer F (10 µM)  1 

Primer R (10 µM)  1 

Recombinant Taq (5 U/µl)  0.1-0.2 

Sample DNA  X 

MilliQ  13.9 or 13.8-x 

Total   20 

   

2x Quick Taq HS DyeMix (TOYOBO)   µl 

2x Quick Taq HS DyeMix  25 

Primer F (10 µM)  1 

Primer R (10 µM)  1 

MilliQ  23-x 

Sample DNA  x 

Total  50 
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8.  

EtBr UV  

(300 nm) 1.5 ml

QIAquick Gel Extraction Kit (Qiagen) 

DNA  

 

9. fusion PCR  (KO)  

 (  2010) A

3’ 20 mer A

B 5’ 20 mer

B 5’ A

20 mer 3’ B

20 mer hph

A B EX Taq total 20 μl hph

KOD FX total 20 μl 3 PCR 1 

μl A 5’ B 3’ 6

fusion PCR KO  

 

10.  

Yelton Akamatsu

 (Akamatsu et al. 1997, Tsuge et al. 1990, Yelton et al. 1984) PDA

1 mm 20 50 ml PDB 25 36 h

 ( , Bio-Shaker BR-300L, 100 strokes/min) 

OM buffer 5 ml  [10 mg/ml Lysing enzymes 

(Sigma), 5 mg/ml Kitalase ( ) in OM buffer] 

30  ( , INCUBATOR Personal-10, 80 

strokes/min, 4-6 h) 1 ml

ST buffer  2,000 rpm, 5 min  OM 

buffer ST buffer  ( ) 

8 STC buffer  

(700 rpm, 5 min) 

 (2,000 rpm, 5 min) 

5 ml STC buffer 2  ( 2,000 rpm, 5 min)  

1 ml STC buffer
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6 PCR  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   ( )   

Fusion PCR  94 2   

  94 15  30  

  60 30   

  72 5   

  72 10   

     

Long PCR  94 2   

  98 10  30  

  

 

68 1 /kb  

  72 10   
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11.  (PEG)  

Vollmer Yanofsky (Vollmer et al. 1986) Itoh  

(Itoh et al. 1994) Tsuge  (Tsuge et al. 1990)  (  2010)

 

80 μl (1.25 108

/ml) 20 μl 40% PEG STC buffer 1-10 μl DNA 

(100 ng/μl) / DNA (10-50 ng/μl) 30

900 μl 40% PEG STC buffer 10

50 5 ml 0.8 10 ml

1.5% 12 50 5 ml 1.0%

100 ppm

26 1

100 ppm  (PDA )  

 

12.  

DIG DNA Labeling Kit ( ) DIG dUTP

PCR

DIG PCR 0.5 TBE 2.0

PCR DIG

DNA  

 

13.  

 (  2010) DNA

 (Hybond N+, GE ) 

UV chamber Transfer buffer 30 2

DNA buffer capillary transfer (

 1993) DNA 24

Neutralizing buffer 30 2  (35 strokes/min) 

30 UV chamber DNA

DNA 65 2-5

15 ml

65 15 65
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0.1% SDS 0.1 SSC buffer 30 2 buffer 1

5 buffer 2 45  

 [Anti-digoxigenin-AP fragment (Roche)] buffer 1 1 20 ml

25 0.3% Tween20 (Polyoxyethylene Sorbitan 

Monolaurate) buffer 1 20 2 buffer 3

5 10 μl CSPD (Roche) 1 ml buffer 3

37 10

X  (FUJI MEDICAL X-RAY FILM, Fuji Film) 

 ( LAS4000EPUVmini-TU) 

buffer 4 20 2

Probe stripping buffer 37 30

2 SSC 20 2

 

 

14.  

 (  2010) 

 

 

14-1.  

PDA 2-3 V8

1 5-10 8 BLB

0.1% tween20 5 ml

0.1% tween20 106 /ml  

 

14-2.  

50 ml

1 5-10 ml 50 ml

100% 3-5
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15. AAL  

AAL HPLC  (  2010) 

 

15-1. AAL  

PDA 5 mm 20 50 ml

1-2 10-20 ml

80 1-2

1 ml 50% 1  

( , INCUBATOR Personal-10, 80 strokes/min) 13,000 rpm 1

Sep-Pac C18  (Waters) 

100% milliQ

 ( ) milliQ (2 ml) 15%  (2 ml) 70%

 (2 ml) AAL -4

HPLC  

 

15-2.  

5 mm  (Whatman, 3MM CHR) 15-1

25 μl

25 µl

100% 3-5

 

 

15-3. HPLC 

o-phthalaldehyde (OPA) AAL HPLC

 (Kodama et al. 1995) OPA

1 ml 100% 40 mg OPA 50 μl 2-mercaptoethanol

5 ml 0.1 M  (pH 9.5) 25 

μl OPA 125 μl 30 2 30

HPLC HPLC 655 LC

F-1050 D-2500  ( ) 

Develosil ODS-UG-5 (4.6 250 mm ) Develosi l ODS-UG-5

 (4.0 10mm ) /0.1 M

 (pH 3.35) 75 : 25 (v/v) 0.7 ml/min
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335 nm 440 nm  

 

16. KO  

KO

1 kb 0.5 kb long 

PCR PCR PCR

 (nptII) pII99

PCR 50 ng DNA 100 ng

11 PEG

 

 

17:  (PFGE) 

17-1 DNA  

DNA Brody Carbon  (Brody et al. 1989) 

 (  2010) 2-10 GMP 

buffer 2.0×10 /ml 55

1.4%  (Agarose low melt preparative grade (BIO-RAD) in 

GMP buffer) mold (BIO-RAD) 

5 4

SE buffer 55 24 1% 

N-Lauroyl sarcosine sodium-salt (SLS) 2 mg Proteinase K (Merck) 1 

ml 10×ET buffer 50 20 1×ET 

buffer 2 buffer 4  

 

17-2  (PFGE) 

 (  2010) Pulsed 

Field Certified Agarose  (BIO-RAD) buffer 0.5×TBE 

buffer Contour-clamped Homogenous Electric Field 

Dynamically Regulated II III (CHEF-DRIII) system (BIO-RAD) 

7 0.5 μg/ml

 (EtBr) UV

Saccharomyces cerevisiae Shizosaccharomyces 

pombe Hansenula wingei (BIO-RAD)  
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 7   CHEF  

        

A 1 0.5 s 6 V/cm 0.5 h 50-150 kb 10 1.0% 

 2 8 s  0.5 h    

 3 1 s  3 h    

 4 2 s  3 h    

 5 4 s  6 h    

 6 8 s  6 h    

B 1 5-25 s 5 V/cm 22 h 100-400 kb 8 1.0% 

 2 1-40 s  18 h    

C 1 3600-1800 s 1.5 V/cm 115 h 0.5-5.0 Mb 8 0.8% 

 2 1800-1300 s 1.5 V/cm 24 h    

 3 1300-800 s 1.8 V/cm 28 h    

 4 800-600 s 2.4 V/cm 28 h    

D 1 120 s 5.5 V/cm 12 h 0.5-2.0 Mb 8 0.8% 

 2 180 s  12 h    

E 1 60 s 6 V/cm 15 h 1.0-2.8 Mb 14 0.8% 

 2 90 s  6-8 h    

F 1 1500-3000 s 1.5 V/cm 48 h 1-5 Mb> 10 0.8% 

 2 900-1500 s 1.8 V/cm 40 h    

 3 480-900 s 2.4 V/cm 57 h    

G 1 1-6 s 6 V/cm 11 h 5-75 kb 14 1.0% 

H 1 120-180 s 6 V/cm 24 h 0.5-1.2 Mb 14  

I 1 120 s 4 V/cm 13 h 0.5-3 Mb 14 0.8% 

 2 240 s  13 h    

 3 360 s  13 h    

J 1 50-90 s 6 V/cm 12 h 0.5-1.0 Mb 14 0.8% 

0.5xTBE  
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18:  

As-27 AL12

5847 2016 BioEdit 

(http://www.mbio.ncsu.edu/bioedit/bioedit.html) 

Local BLAST A. nidulans

Softberry FGENESH (http://linux1.softberry.com/berry.phtml) 
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3  

 

1  

 

 (A. alternata tomato pathotype

) AAL

AAL Fusarium

 (PKS)  ( ALT1 Fusarium FUM1) 

 

(Akamatsu et al. 2003, Proctor et al. 1999) ( 1)

CDC 13

AAL  (ALT ) CDC 2

CDC

454 FLX HiSeq

 

AAL ALT CDC

KO

 

13 ALT ALT1-4 7-9 13 8

ALT1-4 ALT13 AAL

 (  2010,  2010,  

2010,  2011)( 1) ABC transporter short chain dehydrogenase/reductase

fatty acyl-CoA phytanoyl-CoA synthetase peptide synthetase

ALT5 6 10-12 5 ALT

AAL

 

A. alternata HST

CDC CDC

CDC essential chromosome (EC) 



 27 

  

1 AAL  
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(Kubo et al. 1982) G α  (Wang et al. 2010) 

A. alternata

 (Takano et al. 1995, Kheder et al. 2012, Yamagishi et al. 2006, Tsuge et al. 1990)  

G (GPCR) 

GPCR
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2  

 

1:  

As-27 IFO8984

NAF8 2-1  

 

2: DNA  

DNA RNA 2  

 

3: KO KO  

KO 2-9, 10, 11 KO

PCR hph

Homo  

 

4:  

2-14 KO  

 

5:  

KO 2-4 RNA 2-5

cDNA cDNA

PCR  

 

6:  

2-14, 15 HPLC

2-15-3 Image J  

 

7: KO  

KO

2-16  

 

8:  

PDA, V8, crossing crossing +5%

sucrose, glucose mannitol

PDB 2
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Nikon, Eclipse TE300 Microscope  

 

9: Real-time PCR 

AaLaeA KO CD 2-5

RNA KO  

 

10:  

2-10 2-17

2-13



 
 

31 

3  

 

1. CD  
1-1. ALT KO  

ALT 13 ALT

ALT5 6 10 11 12

ABC transporter short chain dehydrogenase/reductase fatty acyl-CoA synthetase

phytanoyl-CoA synthetase peptide synthetase

 ( 1) FUM FUM19 13 10 3

14 ALT5 6

10 2 ALT11 12 4

CDC  

KO PEG

100 ppm PDA 3

PCR

KO  

ALT5 11 12 500 PCR

ALT6 65

12 PCR 2  (insert) 

 (homo)  ( 2a)

2

 ( 2b, c) 2 KO

 (2 ) 6H1 6H8 1

KO  (1 ) 

6H10 ALT10 90

8 KO 8 2  (10H36

10H39) KO 1 KO 10H44 10H45

 

 

1-2-1. ALT6KO AAL  
ALT6KO

KO 6H1 6H8

1 KO 6H10



 32 

a 

b 

c 

2 PCR ALT6KO  

a; PCR ALT6KO

homo;  

insert; hph   

hph; B  

exp; 5 RNA cDNA ALT6 RT-PCR

 

b; ALT6KO  

; ALT6 A 

c; ALT6KO  

; ALT6 insert 

As-27; 6H1, 6H8; ALT6KO 6H10; 1 KO
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 ( 3a) 15-1-1 15-2

1 KO 6H10

ALT6KO 6H1 6H8

 ( 3b) AAL HPLC 1 KO

AAL-TA KO 6H1 6H8

AAL-TA  ( 3c)

71.5 µg/ml KO 6H1 6H8 0 µg/ml 1 KO 6H10

24 µg/ml  ( 8)  

 

1-2-2. ALT6KO  

ALT6KO

PCR

KO 6H8

2

 

 

1-3. ALT10KO AAL
 

ALT10KO ALT6 PCR

10H36::G1 10H36::G8  ( 4) ALT10KO

KO 10H36

10H36::G1 10H36::G8  ( 5a)

10H36::G1 10H36::G8

ALT10KO 10H36  

( 5b) HPLC AAL

KO 10H36 AAL-TA

 ( 6a) LC-MS

pentolamine  ( )

26.0 µg/ml KO 10H36 0 µg/ml 10H36::G1

42.0 µg/ml 10H36::G8 17.0 µg/ml  ( 9)

PDA B

KO 10H36 10H36::G1

10H36::G8  ( 6b)  
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As-27 6H1 6H8 6H10 
10 0 10 0 10 0 10 0 

a 

b 

c  

3 ALT6KO HPLC  

a; ALT6KO  

b; ALT6KO  

c; ALT6KO HPLC  

As-27; 6H1, 6H8; ALT6KO 6H10; 1 KO  
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8 HPLC AAL  

AAL-TA (µg/ml) 

As-27 71.5 µg/ml 

6H1 0 µg/ml 

6H8 0 µg/ml 

6H10 24 µg/ml 

HPLC AAL-TA  

As-27;  

6H1, 6H8; ALT6KO  

6H10; 1 KO  
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a 

 

b 

c 

4 PCR ALT10KO  

a; PCR ALT10KO  

homo; 

insert; hph   

hph; B  

npt;  

b; ALT10KO  

; ALT10 insert 

c; ALT10KO ALT10  

4 RNA cDNA cDNA

ALT10 RT-PCR  

As-27; 10H36; ALT10KO 10H36::G1, 10H36::G8; ALT10  
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a 

b 

5 ALT10KO

a; ALT10KO  

b; ALT10KO  

As-27;  

10H36; ALT10KO  

10H36::G1, 10H36::G8; ALT10  
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a 

b 

6 ALT10KO HPLC

a; ALT10KO HPLC  

ALT10KO  

b; ALT10KO  

100 ppm 

As-27;  

10H36; ALT10KO  

10H36::G1, 10H36::G8; ALT10  
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9 HPLC AAL-TA  

AAL-TA (µg/ml) 

As-27 26 µg/ml 

10H36 0 µg/ml 

10H3::G1 42 µg/ml 

10H3::G8 17 µg/ml 

HPLC AAL-TA  

As-27;  

10H36; ALT10KO  

10H36::G1, 10H36::G8; ALT10
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1-4-1. TRF1-4 KO  
CDC 4 TRF1- TRF4

Zn(II)2Cys6  (TRF1 TRF2) C2H2 finger 

domain protein (TRF3) C6 zinc finger domain containing protein (TRF4) 

PCR TRF1

TRF1H5 KO  ( 7) TRF2 TRF2H9

TRF2H45 KO  ( 8) TRF3

TRF3H2 KO  ( 9) TRF4

TRF4B4 TRF4D2 KO TRF4A16 KO

 ( 10)  

 

1-4-2. TRF1-4 HPLC  
PDA V8 1

KO AAL HPLC

TRF1-4 AAL-TA  ( 7d) (

8d) ( 9d) ( 10c) TRF1H5 ALT

KO ALT1

KO  ( 11)  

 

1-5-1. AVE1 KO  
CDC avenacinase AVE1

PCR AVH6 KO

 ( 12a)  

 

1-5-2. AVE1KO  
KO  ( 12b)

KO

 ( )  

 

2.  
2-1-1. AaGPA1 KO  

G protein 〈−subunit

AaGPA1 PCR GPA1H1

GPA1H2 KO  ( 13a)
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TRF1H5As-27

a                          b 

c 

d 

7 PCR TRF1KO HPLC

a; PCR TRF1KO  

insert; hph   

hph; B  

exp; RNA cDNA TRF1 RT-PCR  

b; TRF1KO ; TRF1 A 

c; TRF1KO ; TRF1 insert 

d; TRF1KO HPLC  

As-27; 1H5; TRF1KO  
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AAL-TA 

As-27 2H9 2H45

a                         b 

c 

d 

8 PCR TRF2KO HPLC  

a; PCR TRF2KO  

homo;  

insert; hph

hph; B  

exp; RNA cDNA TRF2 RT-PCR  

b; TRF2KO  

; TRF2 B 

c; TRF2KO  

; TRF2 insert 

d; TRF2KO HPLC  

AAL  

As-27; 2H9, 2H45; TRF2KO  
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AAL-TA 

As-27 3H2

5.8 

3.5

5.8 

(kb) As-27 3H2

As-27 3H2

a                          b  

c 
 

d 

9 PCR TRF3KO HPLC

a; PCR TRF3KO  

homo;  

insert; hph   

hph; B  

exp; RNA cDNA TRF3 RT-PCR  

b; TRF3KO ; TRF3 B 

c; TRF3KO ; TRF3 insert 

d; TRF3KO HPLC  

AAL  

As-27; 3H2; TRF3KO  
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AAL-TA 

A16 B4 D2As-27

a 

b 

c 

10 PCR TRF4KO HPLC

a; PCR TRF4KO  

homo;  

insert; hph   

hph; B  

exp; RNA cDNA TRF4 RT-PCR  

b; TRF4KO ; TRF4 A 

c; TRF4KO HPLC  

AAL    

As-27; B4, D2; TRF4KO A16; KO  
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As-27 

TRF1H5

1     2      3     4     5      6      7     8     9    10    11   12    13

TF1H 

(bp)

700

280

700

280

11 TRF1KO ALT  

RNA 5 cDNA

ALT RT-PCR  

As-27;  

TRF1H5; KO  
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As-27 AVH6

a 

b 

12 PCR AaAVE1KO  

a; PCR AaAVE1KO

homo;  

insert; hph   

hph; B  

exp; RNA cDNA AaAVE1 RT-PCR  

b;  

1 105 /ml  

As-27;  

AVH6; AaAVE1KO  
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(bp)

homo

hph

insert

exp

839

356

409

356

As-27 GPA1H1 GPA1H2

a 

b 

c 

13 PCR AaGPA1KO  

a; PCR AaGPA1KO  

homo; insert; hph

hph; B  

exp; RNA cDNA AaGPA1 RT-PCR  

b;  

c;  

As-27; GPAH1, GPAH2; AaGPA1KO
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2-1-2. AaGPA1KO  
KO

 ( 13b)

KO GPA1H1 GPA1H2

 ( 13c)  

 

2-1-3. AaGPA1KO AAL  

KO GPA1H1 GPA1H2

AAL KO GPA1H1

GPA1H2  ( )  

 

2-2-1. GPCR  
2-18 GPCR 7

GPCR NCBI

AaGPR1 cAMP GPCR AaGPCR2 AaGPCR3 carbon/amino

STE2 Ste2  

2-2-1. AaGPR1-3 KO  
G protein coupled receptor

AaGPR1-3 AaGPR1 PCR

GPR1N1 GPR1N2 KO  ( 14)

AaGPR2 GPR2H1 GPR2H5 GPR2H8 KO

 ( 15) AaGPR3 GPR3H17 KO  ( 16)  

 

2-2-2. AaGPR1-3KO  
 ( 17)

KO  ( 18)  

 

2-2-3. AaGPR3KO  

AaGPR3KO ALT6 PCR

GPR3H17::G1 GPR3H17::G16

 ( 16b, c)  
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a 

b 

14 PCR AaGPR1KO  

a; PCR AaGPR1KO  

homo;  

insert; npt   

npt;  

exp; RNA cDNA AaGPR1 RT-PCR

b; AaGPR1KO  

; AaGPR1 insert 

As-27;  

GPR1N1 GPR1N2; AaGPR1KO  



 50 

(bp)

409

223

As-2
7

GPR2H
1

GPR2H
8

homo

hph
insert

exp

223

1206

GPR2H
5a 

 

b 

c 

15 PCR AaGPR2KO  

a; PCR AaGPR2KO  

homo;  

insert; hph   

hph; B  

exp; RNA cDNA AaGPR2 RT-PCR  

b; AaGPR2KO  

; AaGPR2 B 

c; AaGPR2KO  

; AaGPR2 insert 

As-27; GPR2H1 GPR2H5  GPR2H8; AaGPR2KO  
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a 

b 

c 

16 PCR AaGPR3KO

 

a; PCR AaGPR3KO  

homo;  

insert; hph  

hph; B  

exp; RNA cDNA AaGPR3 RT-PCR  

b; AaGPR3  

; AaGPR3 insert 

As-27; GPR3H17; AaGPR3KO  

3H17::G1, 3H17::G16; AaGPR3  

c; AaGPR3  
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N1

N2WT

WT H1

H5 H8

H17WT

PDA       V8

GPR1

GPR2

GPR3

17 AaGPR1-3KO PDA V8  

a; PDA V8 AaGPR1-3KO

4  

WT; As-27 ( ) 

N1 N2; AaGPR1KO  

H1 H5 H8; AaGPR2KO  

H17; AaGPR3KO  
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GPR1N2GPR1N1

AAL-TA

GPR2H5 GPR2H8GPR2H1 GPR3H17

18 AaGPR1-3KO HPLC  

GPR1N1, GPR1N2; AaGPR1KO GPR2H1, GPR2H5, GPR2H8; AaGPR2KO  

GPR3H17; AaGPR3KO
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2-2-4. AaGPR3  
18 μm KO 15 

μm 20 μm  ( 19a) AaGPR3 KO

18  
 
2-3. AaSTE2  

G protein coupled receptor

AaSTE2 PCR 2 KO

KO

 ( )  

 

2-4-1. LAEA KO  
 methyltransferase

LaeA A. alternata PCR

LaeA

LaeA AtLAEA

LAEAH40 LAEAH41 LAEAH43 KO

LaeA AaLAEA KO H13 H15

LaeA AsLAEA

KO H16 H20 H25  

 

2-4-2. AtLAEAKO
AAL  

KO LAEAH40 LAEAH41 LAEAH43

 ( 20)

KO

 ( 21) KO

 ( 22a) HPLC AAL

 ( 22b) 16.1 

µg/ml KO LAEAH40 LAEAH41 LAEAH43 1 µg/ml 1.1 

µg/ml 1.2 µg/ml  ( 10) KO

2/3  ( 22c)  
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a 

b 

19 AaGPR3KO  

a; AaGPR3KO  

V8 2  

b; AaGPR3KO

a, b, c  

As-27;  

3H17; AaGPR3KO  

3H17::G1 3H17::G17; AaGPR3  
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20  AtLAEAKO  

As-27;  

LAEAH40 LAEAH41  LAEAH43; AaLAEAKO  

PDA 5  
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a 

b 

c 

21 AtLAEAKO  

a; AtLAEAKO KO  

b; AtLAEAKO 1  

c; AtLAEAKO  

As-27; LAEAH40, LAEAH41, LAEAH43; AaLAEAKO  
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AAL-TA

LaeAH40 LaeAH41 LaeAH43

AAL-TA

As-27

AAL-TA

10 0 10 0 10 0 10 0 

a 

b 

c 

22 AtLAEAKO HPLC  

a; AtLAEAKO  

b; AtLAEAKO HPLC  

c; AtLAEAKO  

2  

As-27; LAEAH40 LAEAH41  LAEAH43; AaLAEAKO  
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10 HPLC AAL  

AAL-TA (µg/ml) 

As-27 16.2 µg/ml 

LAEAH40 1 µg/ml 

LAEAH41 1.1 µg/ml 

LAEAH43 1.2 µg/ml 

AAL HPLC  

As-27;  

LAEAH40 LAEAH41  LAEAH43; AaLAEAKO  
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2-4-3. AtLAEAKO  
RNA KO ALT

metalloprotease KO  ( 23a)

KO

ALT KO

 ( 23b) KO

AKS 7 VKS 3

MAT1 ALM 4

β-tublin  ( 24)  

 

2-4-4. AaLAEA AsLAEAKO AAL
 

AaLAEA AsLAEAKO

 ( 25) HPLC

 ( 26)

AsLAEAKO

 ( 27)
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a 

b 

23 AtLAEAKO CDC  
; ALT  

;  
;  

a;  
-tublin 1  

1 KO  
b;  

-tublin 1  



 62 

a 

b 

24 AtLAEAKO  
8 RNA cDNA

PCR  
a; -tublin 1 AtLAEAKO

 
b; -tublin 1

: As-27;  
: H40; AtLAEAKO
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a 

b 

 

25 A. alternata LaeAKO  (AaLAEAKO

AsLAEAKO )  

a; AaLAEAKO  

PDA 5  

IFO8984; 

H3 H5; AaLAEAKO  

b; AsLAEAKO  

PDA 5  

NAF8;  

H16 H20 H25; AsLAEAKO  
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a  
 
 
 
 
 
 
 
 

b 
 
 
 
 
 
 
 
 

 

26  A. alternata LaeAKO  (AaLAEAKO

AsLAEAKO ) HPLC  

a; AaLAEAKO HPLC  

IFO8984;  

H3 H5; AaLAEAKO  

b; AsLAEAKO HPLC  

NAF8;  

H16 H20 H25; AsLAEAKO  
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27 AsLAEAKO  

16  

NAF8;  

H16 H20 H25; AsLAEAKO  

;  

1 105 /ml  

; 
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4  

 

Aspergillus Neurospora crassa

Magnaporthe grisea  (Dean et al. 2005, 

Galagan et al. 2003, Galagan et al. 2005, Machida et al. 2005)

 (Gao et al. 2011, Ma et al. 2010, Amselem et al. 2011)

 

A. alternata 7

 (HST) 7

HST  (Aakagi 

et al. 2009, Akamatsu et al. 2003, Miyamoto et al. 2009, Tanaka et al. 1999, 2000, 

Hatta et al. 2002, Ruswandi et al. 2005, Johnson et al. 2000, 2001, Harimoto et al. 

2007) 3

conditionally dispensable 

chromosome (CDC)  (Akagi et al. 2009, 

Harimoto et al 2007, Hatta et al. 2002)  

HST HST

13 AAL  (ALT

) A. alternata

essential chromosome (EC) 

 (Kusaba et al. 1995. Akagi et al. 2009)

LaeA AtLAEA

CDC

A. alternata

EC HST

CDC

 

A. alternata
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CDC

AAL

ALT CDC EC A. alternata

 

 

CDC  
ALT  

CDC ALT CDC 2

ALT 8

5 ALT5 6 10 11 12

ABC transporter short chain dehydrogenase/reductase fatty 

acyl-CoA synthetase phytanoyl-CoA synthetase peptide synthetase

ALT5 ALT11 ALT12

500  (KO) 

ALT11 ALT12 2 4

A. 

alternata RNA  

(Miyamoto et al. 2008)

ALT5 KO CDC

ALT5

 

ALT6  KO AAL ALT6

 (FUM ) FUM13 short chain 

dehydrogenase/reductase FUM13

Fum13p C3

 (Butchko et al. 2003, Yi et al. 2005)  ALT6  AAL

C2  reductase  

ALT10 KO AAL

KO

AAL
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pentolamine FUM

ALT10 FUM10

 (Butchko et al. 2003)

CoA  

 

AaTRF1-4 
TRF1-4 CDC

TRF1 ALT 4 KO AAL

TRF1 KO ALT ALT1

ALT

PCR

TRF1

AM

AF

 ( ) TRF1

TRF  

 

AaAVE1 
avenasinase AVE1 AAL

AVE1

 

CDC ALT

AAL

 

 

EC  
AaGPA1  
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G

 

(Neer et al. 1995, Idnurm and Howlett 2001) A. alternata

G 〈

 (Wang et al. 2010, 

Yamagishi et al. 2006) G

AaGPA1 KO

AaGPA1

AaGPA1KO

 ( ) AaGPA1   

 

AaGPR1-3 

G  (GPCR) AaGPR1-3 AaGPR3

KO

AaGPR3 3 GPCR cyclic 

AMP  (Lafon et al. 2006)

 

 

AaSTE2 
GPCR STE2

 (Burkholder and Hartwell 1985, Kim and Borkovich 2004)

KO A. alternata

 

 

AtLAEA AsLAEA AaLAEA 

A. nidulans LaeA methyltransferase

Aspergillus

LaeA velvet
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(Palmer and Keller 2010)  

 (AtLAEA)

 (AsLAEA)  (AaLAEA) 3 LaeA

LaeA AtLAEA KO

AAL

ALT CDC

PCR KO ALT

ALT

metallo protease metallo 

protease CDC

metallo protease 2

AtLAEA ALT ALT

CDC

A. nidulans LaeAKO

 (Shwab et al. 2007)

 

KO

 ( ) 5.7 Mb

 (Akamatsu et al. 1999, Akagi et al. 2009a, b)

AtLAEA CDC

 

AsLAEA KO AF AaLAEA

AM

 (Harimoto et al. 2007) KO

 

 LaeA A. alternata

HST

 

GPCR  (AaGPR1-3 AaSTE2) 
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PKS NRPS

KO

 

16 AtLAEA

2 18 KO 3 KO

15 KO 15

6 LaeA

3 HST
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4 AAL A. 

alternata  

 

1  

 

A. alternata HST

HST AAL AM

AF  (Hrimoto et al. 2007, 

Johnson et al. 2001, Johnson et al. 2000a, Johnson et al. 2000b, Hatta et al. 2002)

A. alternata HST

1.8 Mb  

3 13 AAL  

(ALT ) 1 Mb CD CD

ALT 1

2

13 8

AM  (AMT) 

1.1-1.7 Mb  (Johnson et al. 2000, Johnson et al. 2001) AF

1.05 Mb CD  

(Hatta et al. 2002)  

CD A. alternata

CD

 (Akagi et al. 2009a, b) ALT A. 

alternata AAL

AAL

ALT

 

ALT BAC

100 kb ALT BAC

ALT

BAC

DNA
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DNA long PCR ALT

4 PCR A. alternata

AAL AAL
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2  

 

1:  

AAL A. alternata As-27 A. alternata

O-94  

 

2: DNA  

DNA RNA 2  

 

3: ALT  

As-27 DNA ALT 4 PCR

 ( 28) KOD FX (TOYOBO) 

 (hph) DNA pAN7-1

5 PCR O-94 2-10 co-transformation

80 μl (1.25 108 /ml) 5 PCR 50 μl

94H2 ALT10

ALT10 ORF (Alt10AF/Alt10-ComR) 

 (npt) PCR 94H2 co-transformation

 

 

4: ALT  

2-10 DNA

Quick Taq (TaKaRa) ALT 4 ALT1, 

ALT2, ALT3 ALT10 PCR

3 DNA

PCR ALT1-13

 

 

5:  

ALT 2-4-1

RNA ALT

PCR  
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6: DNA  

MAT1-1-1

DNA GENETYX

Adobe Photoshop Elements 8  
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3  

 

1:  

ALT PCR

ALT ALT3-11 PCR

 ( ) ALT ALT PCR

 ( 28)  

 

2:  

5-2-3 As-27 DNA long PCR Long PCR

4 13.6 kb, 12.9 kb, 15.8 kb

17.7 kb 5-2-3 hph 5 PCR

2-10 2-16 O-94 co-transformation  

5-2-4 ALT1-13 PCR

136 2

2 94H2 94H36  ( 29a)  

 

3:  

2-4 5 As-27 94H2 7

RNA cDNA ALT1-13

PCR As-27 94H2

O-94 MSAS

 ( 29b)  

 

4: 94H2 HPLC LC-MS  

2-15-1 2-15-3 AAL

HPLC 94H36

94H2 AAL

ALT10 KO

 ( 30a) LC-MS

AAL-pentolamine  ( 30b)
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ALT2 ALT5

ALT13 Tp ALT12
ALT11

ALT10

ALT1 ALT6 ALT3 ALT7
ALT8

ALT9

0 kb

50 kb

100 kb

ALT12 Tp 13,628 bp
ALT11ALT4

15,876 bp12,964 bp

17,768 bp

28 ALT  
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a 
 

 

 

 

 

 

 

 

b 
 

 

 

 

 

 

 

29 ALT1-13  

a; DNA  

b; ALT1-13  
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NH2

CH3CH3

OH OH

OH

OH

OH

AAL-pentolamine

0 10

As-27

0 10

AAL-toxin

0 10

94H2

0 10

ALT10 KO

1

2

O-94 

OH

O
O

O
OH

NH2

CH3CH3

OH OH

O

OH

OH

AAL-toxin

a 

b 

30  AAL AAL  

a; 94H2 ALT10KO HPLC  

1, 2;  

b; AAL AAL-pentolamine  
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5: 94H2  

94H2 2-15-2 2-14

As-27 94H2 ALT10KO

As-27 94H2

ALT10KO  ( 31)  

 

5: 94H2::ALT10  

94H2 ALT10KO AAL

ALT3, 9, 10 12

4 O-94H2 ALT 4

ALT 94H2

DNA long PCR 94H2 ALT10-13

17.7 kb  ( 32)

ALT10 ALT10

5 PCR  ( 33a) 94H2

ALT10 3’  ( 33b) ALT10 ORF 5-2-3

 (npt) 94H2 co-transformation

ALT10 PCR

100 9 2 94H2G36

37  

 

6: ALT ALT10 HPLC  

94H2G36 37 HPLC 2-15 2-14

94H2G36 37 As-27 AAL

AAL-pentolamine 94H2

94H2G36 37  ( 34)  

 

7:  

94H2G36 37 As-27

O-94 MSAS

PCR As-27

 ( 35a) As-27 O-94 MAT1-1-1

5-2-7 O-94

MAT1-1-1 As-27
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O-94 (WT) H2As-27 ALT10 KO

a 

b 

31 ALT  (94H2)  

a; 94H2  

b; 94H2  
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As-27

94H2

1

12.913.6 15.8 17.7 (kb)

2 3 4

ALT2 ALT5

ALT1 ALT6 ALT3 ALT7
ALT8

ALT9

0 kb

50 kb

100 kb

ALT12 Tp
1ALT11ALT4

32
ALT13 Tp ALT12

ALT11
ALT10

4

a 

b 

32 PCR  

a; ALT  

1-4; PCR  

b;  

1-4 a
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ALT10 (138503-140342)ALT11

1 (794 bp)

2 (913 bp)

3 (966 bp)

4 (450 bp)

5 (1052 bp)
ALT13 Tp ALT12

ALT11
ALT10

1 2 3 4 5

As-27
1052

(bp

450

966

450
94H2

a 

b 

33 94H2 ALT10  

a; ALT10  

b; 94H2 ALT10 5 PCR  
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6 Summury 

 

   Alternaria alternata (Fr.) Keissler, which is distributed worldwide, is generally 

saprophyte. However, some strains produce host-specific toxins (HSTs) responsible for 

fungal pathogenicity/virulence and diseases on host plants. There are seven pathogenic 

variants (pathotypes) of A. alternata that produce HSTs and cause host plant diseases. 

The chemical structures and physiological modes of action differ among each HST.  

For example, HSTs produced by the tomato pathotype of A. alternata (synonym A. 

alternata f. sp. lycopersici, synonym A. arborescens), the causal agent of Alternaria 

stem canker disease in tomato, are polyketide toxins known as AAL-toxins. 

   The AAL-toxin biosynthetic gene (ALT) cluster, which consists of 13 genes, was 

found to reside on 1.0 Mb of conditionally dispensable chromosome (CDC) in the 

tomato pathotype. Here, two ALT genes, ALT6 and ALT10 were disrupted to examine 

involvement in the toxin production and pathogenicity of the pathogen. Both of the 

knockout (KO) mutants for ALT6 and ALT10 lost AAL-toxin production and 

pathogenicity. The results indicated that ALT6 and ALT10 are essential for AAL-toxin 

biosynthesis and pathogenicity of the pathogen. In addition, the entire ALT cluster 

genes had been introduced to the nonpathogenic strain of A. alternata. The 

ALT-intoduced strain produced AAL-toxin and showed complete pathogenicity on the 

host plant, indicating that the ALT cluster itself determines full pathogenicity of the 

tomato pathotype of A. alternata. 

   The global regulator LaeA is required for the expression of secondary metabolite 

biosynthetic genes in filamentous fungi such as Aspergillus nidulans. In this study, we 

identified LaeA homologues encoding methyltransferase in tomato, strawberry and 

apple pathotypes of A. alternata, designating them AtLAE1, AsLAE1 and AaLAE1, 

respectively. Expression of the AAL-toxin biosynthetic gene ALT1 in the 

AtLAE1-deleted mutant of the tomato pathotype was reduced. Correspondingly, 

AAL-toxin production and virulence of the mutant were significantly decreased. Spore 

production and hyphal growth of the mutant were also affected. Production of the 

host-specific AF-toxin by the strawberry pathotype was decreased in the 

AsLAE1-deleted mutant, with a reduction in virulence on the host plant. The mutant 

also showed defects in hyphal growth and sporulation. The AaLAE1-deleted mutant of 

the apple pathotype showed the same phenotype. Thus, the global regulator gene LaeA 

positively regulates HST biosynthesis, pathogenicity, growth and differentiation in A. 
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alternata pathotypes. 

   G protein-coupled receptors (GPCRs) are a large transmembrane receptor family 

that is involved in many cellular signaling pathways. In the present study, 

GPCR-family genes from the toxigenic and necrotrophic plant pathogen A. alternata 

have been cloned and characterized. Three GPCR-encoding genes, AaGPR1, 2, and 3 

were identified in the draft genome data of the A. alternata tomato pathotype, which 

produces the host-specific AAL-toxin. AaGPR1, 2, and 3 encode proteins that 

containing the seven transmembrane domains that are characteristic of GPCRs. 

Targeted deletion of AaGPR1, 2, and 3 in the A. alternata tomato pathotype was 

conducted to understand the influence of G-protein signaling mechanisms on 

developmental processes and virulence of this pathogen. No changes in colony 

morphology or AAL-toxin production were observed for the deletion mutants 

ΔAaGPR1, 2, and 3, compared with the wild-type strain. However, one deletion mutant, 

ΔAaGPR3, exhibited aberrant conidial morphology including decreased conidial length 

and beak formation. The ability to induce the formation of necrotic lesions on 

susceptible leaves also significantly decreased in ΔAaGPR3, indicating a reduction in 

virulence. These defects are similar to the phenotypes found for the Gα gene mutant of 

A. alternata. These results indicate that the G-protein signal transduction pathway 

appears to be involved in conidial developmental and virulence of A. alternata. 
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