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Abstract 

Project code: MRG5180017 

Project Title:  

Investigator: Dr. Ruttaporn Chundet, Maejo University 

E-mail address: auanmolec@gmail.com 

Project Period: 3 years and 6 month from 15 May 2008 – 30 September 2011 

 

  This research has been cloned the transcription factor MYC gene from mutants rice BKOS. 

Myc gene has 1,353 base pairs open reading frame and encodes a protein of 451 amino acids.  

The deduce MYC amino acids sequence showed the highest homology with R-type basic helix-loop-helix 

(Plw-OSB2) of rice at 92% identity and was grouped to MYC protein that  involved in the anthocyanin 

biosynthesis of the other plants.  For functional analysis, MYC gene has been transferred into tobacco by 

single and with WD40 which cloned from the same mutant rice. It was found that the co-transformation of  

MYC and WD40 can be induced the expression of the three structural genes: Chalcone synthase (CHS), 

anthocyanin synthase (ANS) and UDP-glucose-flavonoid 3-O-glucosyltransferase (UFGT), which code for 

enzymes  involved in the anthocyanin biosynthetic pathway.  In addition we found the accumulation of 

varieties of anthocyanin in transgenic tobacco. 
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1.  

 

 

 

  anthocyanins  
 anthocyanins   

anthocyanins  2  
 anthocyanins   (Transcription factor) 

 
  (Holton and Cornish,1995)  

    
 anthocyanins   (conserved region)  

  anthocyanins 
 

  

 

   anthocyanins   
 2   r  cl   

 r (r, lc, sn, b)  N  
 C  basic helix-loop-helix (bHLH)  DNA (DNA binding 

domain)  cl (cl  pl)  MYB 
 helix-turn-helix  DNA  r 

 cl  (Ludwig and Wessler 1990; Cone et al., 1993)   



 anthocyanin 

 Transcription   
 DFR 

(Grotewold et al., 1994; Sainz et al., 1997) 

 

MYC transcription factor 

 

 (Plant pigments) 

 3     betelains, carotenoids  anthocyanins 

 anthocyanin  flavonoid pathway , ,  
   

 

 anthocyanin 
 

  
 (Grotewold, 2006) 

  transcription 

factors   (transcription) 

 RNA polymerese 

   (transcription initiation)  

 

  transcription factors 

  bHLH (basic-helix-loop-helix) 
 (Nicola et al., 2003) bHLH  transcription factor MYC- like protein 



 motif   basic helix loop helix 

 Late stage 

 dihydroflavonol reductase (DFR) (Quattrocchio et 

al., 1999)  

 

   bHLH  MYB transcription factors 

 (Roth et al., 

1991; Bodeau and Walbot, 1992; Lesnick and Chandler, 1998)   
 bHLH    DELILA 

 (Snapdragon) (Goodrich et al., 1992)  
JAF13  AN1  (Petunia) (Quattrocchio et al., 1993, 1998, 2000) 

 TT8  Arabidopsis (Shirley et al., 1995) 

 proanthocyanidin  (siliques) (Nesi et al., 2000) 

 

  . . 1992 Lloyd   Lc  bHLH  
Arabidopsis  trichromes 

 Arabidopsis    R  bHLH 

 Lc   
Arabidopsis, ,   

 (Lloyd et al., 1992; Goldsbrough et al., 1996; Bradley et al., 1998) 

 delila 

     

 



   bHLH  MYC like 

proteins  
   

   

 

 Trnascription factors 3  R2R3 Myb, basic helix-loop-helix (bHLH)  
WD40  Transcription factors 

 (Baudry et al, 2004; Carey et al., 2004; Morita et 

al., 2006; Zimmermann et al., 2004) 

 

 MYB transcription factor  Super gene family 

 3 subfamilies  Myb1R, R2R3Myb  Myb3R  Myb domain  
52    Arabidopsis  
MYB transcription factor  100   R2R3Myb  

 R2R3Myb (Martin and 

Paz-Ares 1997; Zhang et al., 2000; Nesi et al., 2001) 

Transcription factor  basic helix-loop-helix (bHLH) 

 (Riechmann et al., 2000)  Transcription factor  basic helix-loop-helix 
 MycD  Myc (Murre et al., 1989) 

 

WD40   -propeller protein group   40  
 glycine histidine (GH) dipeptide  tryptophan-aspartate (WD) dipeptide 

 WD40      



  Myb/bHLH/WD40-repeat model 

 snapdragon 

(Antirrhinum majus)   Arabidopsis thaliana (Mortia et al., 2006; Quattrocchio et al., 

1999; Schwinn et al., 2006; Spelt et al., 2000; de Vetten et al., 1997; Walker et al., 1999; Zhang 

et al., 2003) 

  

 flavonoids  anthocyanins   

 

  flavonoids  15  (c6-c3-c6) 
  ( A  B) 

  chalcones  dihydrochalcones (Mcintosh et al .,1990) ,
, ,     

flavonoids   flavones (apigenin  lutionin), flavonols (keampferol , myricitin  
quercertin) ,flavonones (hesperetin  naringenin), isoflavones(genistein  daidzein) 

 anthocyanin  2- phenylbenzophyrylium 

(flavylium) (Kuhnau , et al., 1976)  anthocyanins  200  200 

 (Parkinson et al., 1981) pelargonidin , cyaniding , delphenidin  anthocyanin 

 hydroxylation , O-methyllation , glycosylation  acylation  anthocyanins 

   B  

Anthocyanins  (Mol et al., 1998) 

    anthocyanins   200  (Liew  et  al., 

1998)  anthocyanins  flavan nucleus   

side chain  ring  B-ring  ring  functional group   
  anthocyanins   (  1)  6   



 pelargonidin ( - )  cyanidin ( )  peonidin  (  - ) delphinidin (  - )  

petunidin  (  - )  malvidin ( ) (Aida et al.,2000)   B-ring 
 

 

 1  Flavonoids   Anthocyanins 

 

 Anthocyanins 

 

 anthocyanins (  2) 
 molonyl CoA 3   p-coumaroyl CoA 1  

 chalcone synthase (CHS)  naringenin chalcone  
 isomerization  chalcone  chalcone isomerase (CHI) 

 naringenin flavanone   (OH) 

 3  flavanone 3 – hydroxylase (F3H)  dihydroflavonol  
dihydrokaempferol (DHK)    

 flavonoid 3’- hydroxylase (F3’ H)  flavonoid 3’,5’-hydroxylase (F3’ 5’H)  

 dihydroflavonol   dihydroquercetin (DHQ)  
dihydromyricetin (DHM)   B-ring 

  dihydroflavonol  3 
 anthocyanins  dihydroflavonol  



dihydroflavonol 4- reductase (DFR)  leucoanthocyanidin  leucocyanidin, 

leucodelphinidin  leucopelargonidin  oxidation, dehydration  glycosylation 

 anthocyanin     cyanidin  delphinidin   
pelargonidin     glycosylation, 

methylation  acylation     anthocyanin 
 glutathione S-transferase (GST)  transporters  glutathione pump 

  

 

 



 

 

 

 2  (Anthocyanin biosynthesis pathway) 

 http://www.stanford.edu/group/dahlia_genetics/2008_reports/lab_5/lab_5_pics/flavonoid_biosynthesis.png 



    anthocyanins 

  chalcone synthase (CHS) , chalcone-

flavanone  isomerase (CHI) , flavanone 3-hydroxylase  (F3H) ; flavonoid 3’-hydroxylase (F3’H) ; 

flavonoid 3’ , 5’-hydroxylase  (F3’ 5’H) ; dihydroflavonol-4-reductase (DFR)     anthocyanin 

synthase  (ANS)     
  (Holton et al., 1995) 

    
 anthocyanins       

homologous gene  hybridization 

 (conserved)  CHS       Ueyama et al. (2002)  flavonoid 3’-hydroxylase 

(F3’H) , flavonoid 3’ , 5’ - hydroxylase (F3’ 5’H)  flavone synthase II (FNSII)  

    anthocyanins   flavonol 

 

 

 Anthocyanins 

 

 1.  Chalcone synthase (CHS)  Three   

acetate unit  malonyl –CoA 3   p-coumaroyl 1   

2’,4,4’,6’-tetrahydroxychacone (Holton et al., 1995; Tanaka et al., 1998)  

  CHS     
co-suppression  

 flavonoids  flavonoids  pleiotropic  
   

 



 2.  Chalcones isomerase (CHI)   isomerizatio  

naringenin  chalcones  flavonone  naringenin (Holton et al., 1995)  

 mutation  CHI       

  Arabidopsis  (Forkmann  and Heller , 1999) 

 naringenin chalcone  (Muir  et  al.,2001)  

  CHI  2   isomerizes 6’-hydroxyl  6’-deoxy  chalcone   6’-

hydroxy  chalcone  flavonone  

 

 3.  Flavonoid hydroxylase (F3H/F3’H/F3’5’H)     2- oxoglutalate 

dependent   dioxygenase  hydroxyl  3  flavonone 

 dihydroflavonone   petunia  snapdragon   tomato  

 maize (Britsch  et  al., 1993)   mutation  

F3H   F3H    petunia  Antirrhinum 

 (Martin  et al., 1991 ; Britsch  et  al., 1992)   

 

 4.  Dihydroflavonol 4-reductase (DFR)  dihydroflavonol 

 leucoanthocyanidin (flavan-3,4-diol)  NADH  (Kristainsen and 

Rohde , 1991 )  leucoanthocyanidin   anthocyanin 
 catechins  PA   

 

 5.  anthocyanidin synthase (ANS)    leucoanthocyanidin 
 anthocyanidin  2-oxoglutalate  dependent dioxygenase 

 F3H  FLH (Martin et al., 1991 ; Tanaka  et al., 1998)  ANS  
  Arabidopsis , Antirrhinum , petunia , Vitis vinifera  maize  



ANS  mutation  ANS  
 anthocyanin  

 6.  Flavonoid 3-O-glucosyltransferase (3GT)  Flavonoid  

anthocyanin  hydroxyl  heterocyclic ring   3 (Forlman and Heller , 1999 ) 

 UDP-glucose  flavonoid 3-O –glucosyltransferase  UDP-

glucose  hydroxyl     

     3GT  anthocyanin  
  mutation   3GT   DFR    ANS   

 3GT   anthocyanin  
  (Hrazdina and Wagner, 1985; Hrazdind and Jensen; 1992) 

   hydroxyl   B-ring  anthocyanin 3 
  

- Pelargonidin 3-glucoside  ,    

- Cyaniding 3-glucoside    

- Delphinnidin 3-glucoside       (Zuker et al., 2002) 

 

 

 

  anthocyanins  
 anthocyanins   

anthocyanins  2  
 anthocyanins   

  
 (Holton T.A.  Cornish E.C. 1995)  

     



anthocyanins   (conserved region)  
  anthocyanins 

  
 

   anthocyanins  
 2   r  cl   

 r (r, lc, sn, b)  N  
 C  basic helix-loop-helix (bHLH)  DNA (DNA binding domain) 

 cl (cl  pl)  MYB  
helix-turn-helix  DNA  

 (Ludwig and Wessler 1990), (Cone et al., 1993) 

 
 DFR (Grotewold et al., 1994), (Sainz et al., 1997) 

 

 

 

 

 

 

 

 

 

 



2.  

 

2.1  

 -  105  

 -  105  BKOS  

 -  (Tobacco) 

 -  

2.2  

1.       Liquid nitrogen 

2.       TRIZOL  Reagent (Invitrogen) 

3.       RevertAidTMFirst Strand cDNA Synthesis Kit (Ferment, U.S.A.) 

4.       QIAquick  Gel Extraction Kit (QIAGEN Inc.) 

5.       Inst/AcloneTMPCR Product Cloning Kit (Fermentus, U.S.A) 

6.     Sodium chloride (NaCl) 

7.       Ethylenediaminetetra acetic acid (EDTA) 

8.       Tris (hydroxymethyl) aminomethane (Tris) 

9.       Chloroform 

10.     Isopropanal 

11.     Ethyl alcohol (EtOH) 

12.     RNaseONETMribonuclease (Promega, U.S.A.) 



13.      PCR buffer (Fermentas, U.S.A.) 

14.      Magnesium chloride (MgCl2) (Invitrogen ,BRAZIL) 

15.      Deoxyribonucleotide triphosphate mix (dNTPs) (Fermentas, U.S.A.) 

16.      Primers (Primer ; Operon Technology, Alamada, U.S.A.) 

17.      Platinum Taq DNA polymerase (Invitrogen ,BRAZIL) 

18.      GeneRulerTM100bp DNA Ladder (Fermentas, U.S.A.) 

19.      Amplicilin 

20.      Glycerol oil 

21      pJETTM Vector (Fermentas, U.S.A) 

22. T4 DNA Ligase (Sigma, U.S.A.) 

23. Ligase Buffer (Promega, U.S.A) 

24. Deionize H2O (dH2O) 

25. Hydrochloric acid (HCl) 

26. Sodium hydroxide (NaOH) 

27. Sodium dodecyl sulfate (SDS) 

28. Potassium acetate  

29. Bromophenol blue 

30. Xylene cyanol FF 

31. Sucrose 

32. Boric acid 

33. Tris base 

34. Ethidium bromide 

35. Agarose 

36. Agar 

37. Tryptone 

38. Yeast extract 



39. Dideoxyribonucleotide triphosphate (d/ddNTPs) (Promega, U.S.A.) 

40. Ultrapure water 

41. DNA sequencing Taq DNA polymerase (Promega, U.S.A.) 

42. DNA Sequencing Stop Solution (Promega, U.S.A.) 

43. Acrylamide 

44. N,N -methylene-bisacrylamide (Bis) 

45. Urea 

46. 3-(Trimethoxysilyl),propylmethacrylate (Bind Silane) (sigma, U.S.A.) 

47. Clear view ( Dietham Trading Co.,Ltd, Thailand) 

48. Ammonium persulphate (APS) 

49. N,N,N ,N -Tetramathylethylethylenediamine(TEMED)(BIO-RAD, U.S.A) 

50. Glacial acetic acid 

51. Silver nitrate (AgNO3) 

52. 37% Formaldehyde (HCOH) 

53. Sodium carbonate (Na2CO3) 

54. Sodium thiosulfate (Na2S2O3) 

55. 5-bromo-4-chloro-3-indolyl- -D-galactopyranoside (X-gal) 

56. Isopropyl- -D-thiogalactopyranoside (IPTG) 

             N,N’ –dimethyl-formamide 

 

 

2.3  

1.        

2.        (incubator)  37  (Memmert, Germany) 

3.        (autoclave)  

4.       Adjustable automatic pipette  white,yellow  blue tip 



5.       Eppendorf tube  1.5 ml ,Multi Ultra PCR tube 

(SorensonTMBioscience,Inc.,U.S.A.)  centrifuge tube 

6.        DNA Thermal Cycler (ThermoHybaid PCRSprint, UK) 

7.       (BIO-RAD, U.S.A.) 

8.       (Sequi-Gen GT,Sequencing cell ; (BIO-

RAD, U.S.A.) 

9.        (power supply ; (BIO-RAD, U.S.A.) 

10.      UV (UV transilluminator, BIO-RAD, U.S.A.) 

11.      (Spectrophotometer) 

12.      (centrifuge) 

13.      (shaker) 

14.      (hot air oven) 

15.      (freezer)  4 C, -20 C  -80 C 

16.      (water bath) 

17.      electroporater 

18.      (cuvette) 

19.      (vortex) 

20.      (analytical balance) 

21.      (microwave) 

22.      (pH meter) 



23.      (liquid nitrogen tank) 

24.      (mortar and pestle) 

25.          (beakers)  

          (flasks)  (cylinder)  (pipettes)  (stirrer) 

           (plate) spreder  

26.             

            (Kimwipe tissue)    

                

                

27.      

 

 

 

 

 

 

 

 

 

 



 3.   

 MYC transcription factors  BKOS 

1.  Total RNA  Van Derstaeten et al., 1977  

-    50-100   eppendorf tube  1.5 

  RNA extraction buffer  400   (vortex) 

 

-    phenol chloroform (1:1 , v/v)  400  

 10   10   

-    (centrifuge)  13,000   10  

 4   (supernatant) 

 

-   phenol chloroform (1:1 , v/v)  400  

 10   10   

-   (centrifuge)  13,000   10  

 4   (supernatant) 

 

-  chloroform  400   10 

  10   

-  (centrifuge)  13,000   10  

 4   (supernatant) 

 

-  Ethanol  1188  ( )  0.3 M NaOAC 

( )  62.5  ( ) 

 10  -20   30  



-  (centrifuge)  13,000   30  

 4   

 

-  (  40 )  300  ( ) 

 10   8 M Licl 

 1  

-  (centrifuge)  13,000   30  

 4    RNA 

 

-  70  EtOH  200   

-  (centrifuge)  13,000   5  

 (supernatant)   RNA  

-  air dry  10  

 RNase (Rnase-free water)  20 

 

-  Agarose Gel electrophoresis 

 

2.   First Strand cDNA (RevertAidTM First Strand cDNA Kit, Fermentas, U.S.A) 

  20   eppendorf tube  0.2  

 0.1-5  , oligo (dT)18primer 0.5   deionized 

water  12     65   5  

 1x reaction buffer, RiboLockTM Ribonuclease Inhibiter (20 

Unit/reaction) , 10 mM dNTPs Mix , RevertAidTM M-MuLVReverse Transcriptase (200 

Unit/reaction)   42   60  

 70   5   First Strand cDNA  -20  



  First Strand cDNA  RT-PCR 

 Actin  Agarose Gel electrophoresis 

 

3.  Transcription Factor genes MYC 

 BKOS 

 3.1  

  MYC 

  (Conserve Domain)  MYC  
 GenBank   (R-type basic helix-loop-helix protein [Plw-OSB2]),   

(Regulatory protein [B-Peru], SN protein, Anthocyanin regulatory R-S protein [R-S], Anthocyanin 

regulatory LC protein [lc1] )  Degenerated primers  PCR 

 MYC  351   Primers 

 1 

 

 1  MYC transcription factor 

gene  BKOS  RT-PCR 

  5’                3’ 

degenerate primer (forward primer) 5’ – GGNGCCGYCTTNCTGCRGCTG– 3’    

degenerate primer (reward primer) 5’ – RTYTACTWCTTCTNCAGACGA– 3’     

 

 

 

 



 3.2  RT-PCR 

  PCR 

  20 ml  eppendorf tube  0.2 ml   

- 10x buffer  2.0 l of 10X 

- Mgcl2  1.2 l of 25 mM 

- First strand cDNA (DNA Template) 50 ng 

 

- primer (Primer ; Operon Technology,  Alamada, U.S.A.) 

   - MYC forward 

   - MYC reward 

 

0.5 l of 20 pMol 

0.5 l of 20 pMol 

- 10 mM dNTP  2.5 l of 10 mM 

- PfxTaq DNA polymerase (Invitrogen) 2 unit 

- dH2O  20 l 

 

 PCR (PCR condition)  RT-PCR 

 2   PCR  RT-PCR  400 

 

 94 C 94 C 55 C 72 C 72 C 4 C 

 2 min 30 sec 30 sec 1 min 5 min forever 

 35  



3.3  Agarose electrophoresis 

-  agarose  1.4   agarose  1 x TBE buffer 

( )  agarose  50  

-   (comb)  70  ethanol 

 

-   
 

-  agarose  agarose  3-5 

   

- 1 x TBE buffer  
 

-  agarose gel  electrophoresis 

 

-  1 x TBE buffer  agarose gel   1 x TBE buffer 

 1-3  

-  1 x loding buffer ( )  
 (DNA marker)    

 agarose gel 

-  electrophoresis  
   100   

50   loding buffer 

 1   

-  agarose gel  EtBr  10   5 
  EtBr  

-  agarose gel  UV transilluminator 

 

-       
eppendorf tube  1.5   4   
(elute) 

 



3.4  clone  MYC transcription factor gene (Inst/AcloneTMPCR Product Cloning 

Kit,  Fermentus, U.S.A) 

 3.4.1  (ligation) 

  30   plasmid vector pTZ57/TTM  
( ) 0.165 , purified PCR fragment 0.54 , 1x ligation, PEG 4000 

solution, T4 DNA ligase 5 Unit  deionized water  22 
  12  

 3.4.2 Transformation  The TransformAidTMBacterial Transformation System 

-  E.coli   DH5-   TransformAidTMC-Medium  2 

  37   12  

-  12   1/10  TransformAidTMC-Medium 

 37   20  

-  LB-Ampicillin/X-gal agar plate  37   20  

-  TransformAidTMT-Solution  T-solution (A)  T-solution (B) 

 1:1  TransformAidTMT-Solution  

-  20   microcentrifuge tube  1.5  
 centrifuge  4   1  

-   resuspend  TransformAid T-Solution  300 

  5  

- centrifuge  4   1  

 

- resuspend  TransformAid T-Solution  120  
 5  

-  ligation mixture  eppendrof  1.5   15 

  2  

-  60   ligation mixture 

 5  



- Spread Plate  LB-Ampicillin/x-gal agar plate  37 C  
37   12  

 

 3.5  (recommbinant DNA) 

  3.5.1  Alkaline (Maniatis et., al 1982) 

-  LB-Ampicillin/x-gal agar plate  LB- Ampicillin  both  
37   12  

-  1.5    12,000   5  
 

-  solution I ( )  300  vortex  
 solution II ( )  300    4 

  solution III ( )  300    
    10  

-  12,000   10    
absolute ethanol   2  

-  –20   30   12,000 

  4   10       
0.05  Tris, 0.1  NaOAc (pH 8) 

-  absolute ethanol  2        –20 

  30   12,000   4 -   10  

-   70 % ethanol   500  
 12,000   4   5  

-  air dry  TE   
20  

-  agarose gel electrophoresis  

-  PCR 

 



3.6.  (Sequencing) MYC transcription factor gene      

 

 (Sequencing)  
 (Sequencing)  First BASE Laboratories Sdn Bhd (604911-x) No. 23 Jalan 

U1/19, HICOM Glenmarie Industrial Pank 40150 Shah Alam, Selangor Darul Ehsan, Malaysia 

4.  WD-40 transcription factor gene  cDNA Fingerprint 

 4.1  Total RNA  105   
BKOS  1st cDNA  1  2 

 4.2  PCR  primers  10  Operon  DNA 

template  4.1  DNA  

 4.3  DNA  
   

5.  Full length  MYC  WD40 transcription factor gene  5’RACE  
3’RACE (Takara) 

 5.1  Total RNA  1st cDNA  BKOS  1 

 2 

 5.2  Primers  MYC  WD40  5’  
3’  Takara ( )  MYC  

 5.3  1st Amplification  2nd Amplification  PCR  Takara  

 5.4  Agarose gel electrophoresis 

 5.5  MYC  Agarose gel 

 pTZ57R/T (Fermentas)  



 5.6  GenBank  

 6.  MYC  WD-40 Transcription factor  

  MYC gene   MYC gene  
 pSTART  Binary vector 

 Transcription  35S promoter 

 Transcription   MYC 

gene  Antisense (pSTART-antiMYC), Sense (pSTART-MYC)   WD40 

(pSTART-MYC-WD40)  

7.     Agrobacterium Transformation  

 

1.  BKOS 

 LS   2,4-D 2 mg/l  
 16  25   30     

2.  Agrobactrium tumefaciens  pSTART-antiMYC 
 LB-medium  50 mg/l Rifampicin + 100 mg/l Kanamycin  28 

  150 rpm  48  

3.  Agrobacterium  MS  20 ml  150 rpm 

 25   3- 5   OD 

 0.1 – 0.2  

4.    100 rpm 

 

5.  2-3  
 LS + AS (Coculture medium)  2  

6.  50 ml + 500 mg/l Cefotexime 3-5   30 

  Agrobacterium  



7.   LS + 500 mg/l 

Cefotexime + 50 mg/l Kanamycin (Selective medium)  BAP (0.5 mg/l) + IAA 

(0.2 mg/l)   

 

 

1.  Agrobactrium tumefaciens   
LB-medium  50 mg/l Rifampicin + 100 mg/l Kanamycin  28 

  150 rpm  48  

2.  Agrobactrium tumefaciens 1 ml  LB medium 20 ml  50 mg/l 

Rifampicin + 100 mg/l Kanamycin + AS  28   150 rpm 

 24  

3.  6,000 g  5   4  

4.  Agrobacterium  MS  20 ml  150 rpm 

 25   3- 5   OD 

 0.1 – 0.2  

5.   
  100 rpm  

6.  2-3  
 MS + AS (Coculture medium)  2  

7.  50 ml + 500 mg/l Cefotexime 3-5   30 

  Agrobacterium  

8.   MS + 500 mg/l 

Cefotexime + 50 mg/l Kanamycin (Selective medium)  BAP + NAA 

  3  Sub-culture  

9.  (MS + 500 mg/l Cefotexime + 50 mg/l 

Kanamycin)  NAA (root medium)  

 

  



1.  Agrobactrium tumefaciens  
 LB-medium  OD  0.5 – 1.0  

2.  100 rpm 

 

3.   MS+AS (Coculture 

medium)  3  

4.  100 ml 4  
 50 ml + 500 mg/l Cefotaxime 5   Agrobacterium  

5.   MS + 50 mg/l Kanamycin 

+ 500 mg/l Cefotaxime (Selective Medium)  BAP + NAA 

 2   Subculture  

6.   (50 mg/l Kanamycin + 500 mg/l 

Cefotaxime)  NAA (root medium)        

 

4.     
  

1.  Transcription factor gene MYC (bHLH)  RT-PCR 

  MYC transcription factor gene  BKOS 

 PCR  DNA  350  

 

 

 

 

 

 



 

 

   

        

 

 3  transcription factor  gene MYC (bHLH)  BKOS 
 RT-PCR  Degenerate primers 

 

  3  transcription factor gene MYC (bHLH)  RT-

PCR  degenerate primers  1  350  
 DNA  pTZ57R/T 

  4 

AGGAGCATCAGTTGGAGTTACACCATCTTTTGGTCCACTTCAACCAGTCTCCCGGGAGTTCT

GACTTGGAACGATGGATTCTACAACGGCGAGGTAAAGACGAGGAAGATATCCAACTTAGAG

GACCTCACCGCTGACCAGCTCGTCCTGCGGAGAAGCGAGCAACTGAGCGAGCTCTACTACT

CTCTCCTGTCCGGCGAGTGCGACCACCGGGCAAGGAAGCCCGTCGCCGCACTGTCGCCGG

Lane#                   Sample 

 

1 Molecular marker (100 bp ladder) 
2 Expected fragment  

Lane#                     1              2           3 

  bp 

   350  bp 

    200  

    300  

    400  

    700  

  1000  



AAGATATCGCGGACACAGAATGGTACTACGTTGTCTGCATGACCTACGCCTTTCGACCCGG

CCAAGGGTTACCCGGCAGAAGCTATGCAAGCAATCGATCTGTTTGGTTGTGCAATGCTCAGT

CTGCAGATAGCAAAACCTTTCTACGTGCGCTC 

 

 4  cDNA Putative transcription factor gene  MYC   351 
  BKOS 

 

RSISWSYTIFWSTSTSLPGVLTWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLS

GECDHRARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSVWLCNAQSADSK

TFLRAL 

 

 5  117  cDNA Putative 

transcription factor gene  MYC  BKOS   

  

  DNA Sequencing  351  
 117  (  5)  

 BLAST SEARCH   reading frame  1  5’   
3’  Putative transcription factor gene  MYC (bHLH)  BKOS  

transcription factor gene  MYC (bHLH)  (R-type basic helix-loop-helix protein [Plw-OSB2])  
 (  3) 

 

 

 



 3   Putative transcription factor gene  MYC 
(bHLH)  BKOS   transcription factor gene  
MYC (bHLH)     

 

  

 

 

 

 

 

 

 

  

 Transcription factor gene MYC  
 Primers  Takara ( )  Full length cDNA 

 5’  3’ RACE  PCR  1,353  
 451   

GenBank  Blast n    Multiple sequence alignment  R-

type basic helix-loop-helix (Plw-OSB2)  92% (  4) 
 Transcription factor gene MYC 

  Transcription factor gene 

MYC  BKOS   Transcription factor gene MYC 
 Dendrogram (  7)  Dendrogram  Transcription 

Plant species 
Common 

name 
Gene 

Amino 

acid 

identity 

(%) 

GenBank 
accessio
n number 

Oryza sativa  

Hordeum vulgare 
Oryza sativa 

 Sorghum bicolor 
Zea mays 
 

Rice 

Barley 

Rice 

Sorghum 

Maize 

R-type basic helix-loop-helix protein  

Putative bHLH domain protein [bHLH1] 

Ra 

B1-2 

Regulatory protein [B-Peru] 

90 

69 

69 

65 

64 

Q948Y2 

E5FCX9 

Q40643 

Q6JAH4 

Q41780 



factor gene MYC  BKOS  MYC gene  
 MYC  BKOS  

 4   Putative transcription factor gene  MYC 
(bHLH)  BKOS   transcription factor gene  
MYC (bHLH)     

 

Plant species

 

Gene name

Amino acid 

Identity (%)

GenBank 
accession 

number

Oryza sativa R-type basic helix-loop-helix protein  

[Plw-OSB2] 

92 Q948Y2 

Oryza sativa subsp. 

japonica 

Putative anthocyanin regulatory Lc protein 

[Ra] 

63 B2KQN4 

Zea mays Regulatory protein [B-Peru] 62 Q41780 

Zea mays SN protein 59 Q41854 

Zea mays Anthocyanin regulatory R-S protein [R-S] 60 P13027 

Zea mays Anthocyanin regulatory LC protein [lc1] 59 Q0GZN8 

Sorghum vulgare B1-1 62 Q6JAH5 

Cornus alternifolia Myc-like anthocyanin regulatory protein 49 Q675M4 

Ipomoea quamoclit Putative anthocyanin regulator [bHLH1] 49 A9YF17 

Perilla frutescens MYC-RP [myc-rp] 49 Q9ZQS4 

MYC-BKOS                    -----MASAPPVQEEALQPGTNHFRSRLAAAVRSISWSYTIFWSTSTSLP 
tr|Q948Y2|Q948Y2_ORYSA      -----MASAPPVQEEALQPGTNHFRSRLAAAVRSISWSYTIFWSTSTSLP 
tr|Q40643|Q40643_ORYSA      ------------MEETPLPSGKNFRSQLAAAARSINWTYAIFWSISTSRP 
tr|Q6JAH4|Q6JAH4_SORBI      ---MALSASQVQEELQQAAERQLMRNQLAAAARSINWTYALFWSISSTRP 
tr|Q41854|Q41854_MAIZE      MALSASRVQQAEELLQRPAERQLMRSQLAAAARSINWSYALFWSISDTQP 
sp|P13027|ARRS_MAIZE        MAVSASRVQQAEELLQRPAERQLMRSQLAAAARSINWSYALFWSISDTQP 
sp|P13526|ARLC_MAIZE        MALSASRVQQAEELLQRPAERQLMRSQLAAAARSINWSYALFWSISDTQP 
tr|Q675N0|Q675N0_CORSU      --------MASSGEQNQVGLLENLKNQLAIAVRSIQWSYAIFWSISSRQP 
                                                 : ::.:** *.***.*:*::*** *   * 



MYC-BKOS                    GVLTWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGEC 
tr|Q948Y2|Q948Y2_ORYSA      GVLTWNDGFYNGEVKTRKISNLEDLTADQLVLRRSEQLSELYYSLLSGEC 
tr|Q40643|Q40643_ORYSA      GVLTWKDGFYNGEIKTRKITNSMNLTADELVLQRSEQLRELYDSLLSGEC 
tr|Q6JAH4|Q6JAH4_SORBI      GVLTWTDGFYNGEVKTRKISNSVELTADQLVMQRSEQLRELYEALLSGEC 
tr|Q41854|Q41854_MAIZE      GVLTWTDGFYNGEVKTRKISNSVELTSDQLVMQRSDQLRELYEALLSGEG 
sp|P13027|ARRS_MAIZE        GVLTWTDGFYNGEVKTRKISNSVELTSDQLVMQRSDQLRELYEALLSGEG 
sp|P13526|ARLC_MAIZE        GVLTWTDGFYNGEVKTRKISNSVELTSDQLVMQRSDQLRELYEALLSGEG 
tr|Q675N0|Q675N0_CORSU      GVLEWGDGYYNGDIKTRKTVQAVEFNADQLGLQRSEQLKELYESLVVTES 
                            *** * **:***::****  :  ::.:*:* ::**:** *** :*:  *

MYC-BKOS                    DH--RARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSV 
tr|Q948Y2|Q948Y2_ORYSA      DH--RARKPVAALSPEDIADTEWYYVVCMTYAFRPGQGLPGRSYASNRSV 
tr|Q40643|Q40643_ORYSA      G--HRARRPVAALLPEDLGDTEWYYVVCMTYAFGPGQGLPGKSFASNEFV 
tr|Q6JAH4|Q6JAH4_SORBI      DR--RAARPVGSLSPEDLGDTEWYYVVCMTYAFQPGQGLPGRSFGGNEHV 
tr|Q41854|Q41854_MAIZE      DRRAAPARPAGSLSPEDLGDTEWYYVVSMTYAFRPGQGLPGRSFASDEHV 
sp|P13027|ARRS_MAIZE        DRRAAPARPAGSLSPEDLGDTEWYYVVSMTYAFRPGQGLPGRSFASDEHV 
sp|P13526|ARLC_MAIZE        DRRAAPARPAGSLSPEDLGDTEWYYVVSMTYAFRPGQGLPGRSFASDEHV 
tr|Q675N0|Q675N0_CORSU      NP--QARKSSAALSPEDLTDTEWYYLVCMSFVFNIGQGLPGRTFANGQPI 
                            .    . :. .:* ***: ******:*.*::.*  ******:::.... : 

MYC-BKOS                    WLCNAQSADSKTFLRALLAKSASIQTIVCIPFMSG-VLELGTTDPVSEDP 
tr|Q948Y2|Q948Y2_ORYSA      WLCNAQSADSKTFLRALLAKSASIQTIVCIPFMSG-VLELGTTDPVSEDP 
tr|Q40643|Q40643_ORYSA      WLTNAQSADRKLFHRALIAKSASIKTIVCVPFIMHGVLELGTTDPISEDP 
tr|Q6JAH4|Q6JAH4_SORBI      WLRNAHLADSKAFPRAVLAK-----SIICIPLMGG-VLELGTTDTVPEDP 
tr|Q41854|Q41854_MAIZE      WLCNAHLAGSKAFPRALLAKSASIQSILCIPVMGG-VLELGTTDTVPEAP 
sp|P13027|ARRS_MAIZE        WLCNAHLAGSKAFPRALLAKSASIQSILCIPVMGG-VLELGTTDTVPEAP 
sp|P13526|ARLC_MAIZE        WLCNAHLAGSKAFPRALLAKSASIQSILCIPVMGG-VLELGTTDTVPEAP 
tr|Q675N0|Q675N0_CORSU      WLCNAHYADSKIFSRSWLAKSASIQTVVCFPFLGG-VVELGVTELVLEDP 
                            ** **: *. * * *: :**     :::*.*.:   *:***.*: : * * 

MYC-BKOS                    NLVNRIVAYLKELQFPICLEVPSSTPS--------------------PDE 
tr|Q948Y2|Q948Y2_ORYSA      NLVNRIVAYLKELQFPICLEVPSSTPS--------------------PDE 
tr|Q40643|Q40643_ORYSA      ALVDRIAASFWDTPPRAAFSSEAG-------------------DADIVVF 
tr|Q6JAH4|Q6JAH4_SORBI      DLISRATAAFWEPQCPTYSEEPTSNPS----------------------- 
tr|Q41854|Q41854_MAIZE      DLVSRATAAFWEPQCPTYSEEPSSSPSGR-----ANETGEAAADDGTFAF 
sp|P13027|ARRS_MAIZE        DLVSRATAAFWEPQCPTYSEEPSSSPSGR-----ANETGEAAADDGTFAF 
sp|P13526|ARLC_MAIZE        DLVSRATAAFWEPQCP------SSSPSGR-----ANETGEAAADDGTFAF 
tr|Q675N0|Q675N0_CORSU      NFIQHIKTSFLENPYRTVPKIPSYASENTRTEKDLILVKPSHNLLDTDLD 
                             ::.:  : : :          :

MYC-BKOS                    TEDADTVFDGLIEEDQMVILQGEDELGDVVVAECETNGANPETITMETDE 
tr|Q948Y2|Q948Y2_ORYSA      TEDADTVFDGLIEEDQMVILQGEDELGDVVVAECETNGANPETITMETDE 
tr|Q40643|Q40643_ORYSA      EDLDHGNAAVEATTTTVPGEPHAVAGGEVAECEPNADNDLEQITMDDIGE 
tr|Q6JAH4|Q6JAH4_SORBI      -ANEAGEAADIVVFEDQLGHSAMKTTTAAGNEPVSLFNASLDHITDEIDD 
tr|Q41854|Q41854_MAIZE      EELDHNNGMDDIEAMTAAGGHGQEEELRLREAEALSDDASLEHITKEIEE 
sp|P13027|ARRS_MAIZE        EELDHNN-GMDIEAMTAAGGHGQEEELRLREAEALSDDASLEHITKEIEE 
sp|P13526|ARLC_MAIZE        EELDHNNGMDDIEAMTAAGGHGQEEELRLREAEALSDDASLEHITKEIEE 
tr|Q675N0|Q675N0_CORSU      AALECGEIDMCAPNNNSSGFLPNQRTEKSVMVEGLSGGASQVQSWQFMDD 
                                                                 .           : 

MYC-BKOS                    FYSLCEELDLDLGSYQLVPTSARET------------------------- 
tr|Q948Y2|Q948Y2_ORYSA      FYSLCEELDLDLGSYQLVPTSARET------------------------- 
tr|Q40643|Q40643_ORYSA      LYSLCEELDVVRPLDDDSSSWAVADPWSSFQLVLTSSPAPDQAPAAEATD 
tr|Q6JAH4|Q6JAH4_SORBI      FYSLLEEMVVRPLPLEDSLIMVDGS---------NNFEVPSS---PEPPS 
tr|Q41854|Q41854_MAIZE      FYSLCDEMDLQALPLPLEDGWTVDA---------SNFEVPCSSPQPAPPP 
sp|P13027|ARRS_MAIZE        FYSLCDEMDLQALPLPLEDGWTVDA---------SNFEVPCSSPQPAPPP 
sp|P13526|ARLC_MAIZE        FYSLCDEMDLQALPLPLEDGWTVDA---------SNFEVPCSSPQPAPPP 
tr|Q675N0|Q675N0_CORSU      EISNCVQNSTNSSESISRTSENPEKDCCLTDLPECNLTKLTSLDLPNYDF 
                              *   :
MYC-BKOS                    ---VAAAAAAANDVDGVAY------SHASCFVSWKRAN-----PAEKVVA 
tr|Q948Y2|Q948Y2_ORYSA      ---VAAAAAAANDVDGVAY------SHASCFVSWKRAN-----PAEKVVA 
tr|Q40643|Q40643_ORYSA      VDDVVVAALDGSSIDGSCR------PSPSSFVAWKRTAD-----SDEVQA 
tr|Q6JAH4|Q6JAH4_SORBI      PGATTNNNGADTSSSPADG------SRATSFMAWTRSSQ----SCSDEAV 
tr|Q41854|Q41854_MAIZE      VDRATANVAADASRAPVYG------SRATSFMAWTRSSQQSSCSDDAAPA 
sp|P13027|ARRS_MAIZE        VDRATANVAADASRAPVYG------SRATSFMAWTRSSQQSSCSDDAAPA 
sp|P13526|ARLC_MAIZE        VDRATANVAADASRAPVYG------SRATSFMAWTRSSQQSSCSDDAAPA 
tr|Q675N0|Q675N0_CORSU      HYHSVVSPLLKNSHQLILGPYFHKCNKESSFMGWKKTPSG---SQQRRRG 
                                .       .               :.*:.*.::        .



MYC-BKOS                    VPMTAGIESQKLLKKAVGGGTAWMSNIDDRGSVAITTTPGSNIKSHVMSE 
tr|Q948Y2|Q948Y2_ORYSA      VPMTAGIESQKLLKKAVGGGTAWMSNIDDRGSVAITTTPGSNIKSHVMSE 
tr|Q40643|Q40643_ORYSA      VPLISGEPPQKLLKKAVAGAGAWMN--NGDSSAAAMTTQESSIKNHVMSE 
tr|Q6JAH4|Q6JAH4_SORBI      AAVPVIEEPQKLLKKVVAGGEAWAN--CG-GGGTAGTAQESGIKNHVMSE 
tr|Q41854|Q41854_MAIZE      AVVPAIEEPQRLLKKVVAGGGAWES--CGGATGAAQEMSGTGTKKHVMSE 
sp|P13027|ARRS_MAIZE        VVP-AIEEPQRLLKKVVAGGGAWES--CGGATGAAQEMS--ATKNHVMSE 
sp|P13526|ARLC_MAIZE        AVVPAIEEPQRLLKKVVAGGGAWES--CGGATGAAQEMSGTGTKNHVMSE 
tr|Q675N0|Q675N0_CORSU      TPQKLLKKVLFEVARMHGGCLVESRQDNSKKDGLWGSEDDEIGTTDLFLE 
                            .           : :  .*  .      .              ...:: * 

MYC-BKOS                    RRRREKLNEMFLILKSLLPSVRKVD-----KASILAETITYLKVLEKRVK 
tr|Q948Y2|Q948Y2_ORYSA      RRRREKLNEMFLILKSLLPSVRKVD-----KASILAETITYLKVLEKRVK 
tr|Q40643|Q40643_ORYSA      RRRREKLNEMFLILKSVVPSIHKVD-----KASILAETIAYLKELEKRVE 
tr|Q6JAH4|Q6JAH4_SORBI      RKRREKINEMFLILKSLVPSIHKAMKIHVDKASILTETIAYLKELQRRVQ 
tr|Q41854|Q41854_MAIZE      RKRREKLNEMFLVLKSLLPSIHRVN-----KASILAETIAYLKELQRRVQ 
sp|P13027|ARRS_MAIZE        RKRREKLNEMFLVLKSLLPSIHRVN-----KASILAETIAYLKELQRRVQ 
sp|P13526|ARLC_MAIZE        RKRREKLNEMFLVLKSLLPSIHRVN-----KASILAETIAYLKELQRRVQ 
tr|Q675N0|Q675N0_CORSU      RRRRDKTKERYSVLGSLIPSTSKDD-----KISILDGTIEDLKEPERRLE 
                            *:**:* :* : :* *::**  :       * ***  **  **  ::*:: 
MYC-BKOS                    ELESS---------------------SREPSRWRPTEIGQGKAP------ 
tr|Q948Y2|Q948Y2_ORYSA      ELESS---------------------SREPSRWRPTEIGQGKAP------ 
tr|Q40643|Q40643_ORYSA      ELESSSQPSPCP------LETRSRRKCREITGKKVSAGAKRKAPAPEVAS 
tr|Q6JAH4|Q6JAH4_SORBI      ELESSRELTTPSETTTR--TTRPRGISNESARKKLCAGSKRESPALEVDG 
tr|Q41854|Q41854_MAIZE      ELESSREPASRPSETTTRLITRPSRGNNESVRKEVCAGSKRKSPELGRD- 
sp|P13027|ARRS_MAIZE        ELESSREPASRPSETTTRLITRPSRGNNESVRKEVCAGSKRKSPELGRD- 
sp|P13526|ARLC_MAIZE        ELESSREPASRPSETTTRLITRPSRGNNESVRKEVCAGSKRKSPELGRD- 
tr|Q675N0|Q675N0_CORSU      GSECLAARTRSKPQGTAERTSANYENDRIGIGKKPLINKRKACDIVEAEL 
                              *.                       .     .     :  .

MYC-BKOS                    -------------------------------------------------- 
tr|Q948Y2|Q948Y2_ORYSA      -------------------------------------------------- 
tr|Q40643|Q40643_ORYSA      ----DDDTDGERRHCVSNVNVTIMDNKEVLLELQCQWKELLMTRVFDAIK 
tr|Q6JAH4|Q6JAH4_SORBI      DVVNKEHPWVLPKDGTSNVTVTVAN-TDVLLEVQCRWEELLMTRVFDAIK 
tr|Q41854|Q41854_MAIZE      --DVERPPVLTMDAGTSNVTVTVSD-KDVLLEVQCRWEELLMTRVFDAIK 
sp|P13027|ARRS_MAIZE        --DVERPPVLTMDAGSSNVTVTVSD-KDVLLEVQCRWEELLMTRVFDAIK 
sp|P13526|ARLC_MAIZE        --DVERPPVLTMDAGTSNVTVTVSD-KDVLLEVQCRWEELLMTRVFDAIK 
tr|Q675N0|Q675N0_CORSU      ----EINLVQLKDSSTDDVSIRIID-KDVFIEIRCPWRERLLLEIMDAIS 

MYC-BKOS                    ------------------------------------------------ 
tr|Q948Y2|Q948Y2_ORYSA      ------------------------------------------------ 
tr|Q40643|Q40643_ORYSA      GVSLDVLSVQASTSDGLLGLKIQAKFASSAAVEPGMITEALRKAIAS- 
tr|Q6JAH4|Q6JAH4_SORBI      SLHLDVLSVQASTPDGFMGLKIRAQFAGSGAVVPWMISEALHKAIGKR 
tr|Q41854|Q41854_MAIZE      SLHLDVLSVQASAPDGFMGLKIRAQFAGSGAVVPWMISEALRKAIGKR 
sp|P13027|ARRS_MAIZE        SLHLDVLSVQASAPDGFMGLKIRAQFAGSGAVVPWMISEALRKAIGKR 
sp|P13526|ARLC_MAIZE        SLHLDVLSVQASAPDGFMGLKIRAQFAGSGAVVPWMISEALRKAIGKR 
tr|Q675N0|Q675N0_CORSU      NFHLDSHSVQSSNIDGILSLSIKSKFKGSTVASTGMIIQALQRIICKC 

                                                                             
 6  Multiple sequence alignment  Putative transcription factor gene  

MYC (bHLH)  (BKOS)    GenBank 

 



 

 7 Dendrogram  MYC gene 

 BKOS  MYC  GenBank 

 

2.  MYC transcription factor gene  BKOS  

  MYC   
   Total RNA 

 cDNA  MYC gene  RT-PCR    (  4) 
 Primers   MYC  

Transcription 

 mRNA  
 MYC  

Anthocyanins   



  

 

 8  MYC Transcription factor  Transcription  
 RT-PCR  mRNA  

(KDML)   (BKOS) 1 :  2  :  3  

 

2.  Transcription factor WD40 gene  BKOS     

  cDNA fingerprint 

 primers   primer OPW14 

 (  9)   310  800 

 
 

 

 

1 2 3

MYC BKOS

MYC KDML

Actin BKOS



                                                  M           1           2 

  

   

 9 cDNA fringerprint  105  (1)  
BKOS (2)  primer OPW14  

  800  310 

  310  MYC 

transcription factor gene    100 % 

 840  ( )  280   

 ( )  GenBank  Blast n 

 putative WD-40 repeat protein 100 %    

  1000 bp 

 

 

   500 bp 

~800 bp 

 

 

 



GGGAATCCAATGCTTCGTAATGGTGAGACTGGAGATTGGATTGGGACTTTCCAAGGTCATAA

AGGGGCTGTCTGGAGCTGCTGCCTAGACACAAATGCTCTGCGTGCTGCATCTGGTTCTGCT

GACTTTTCAGCCAAAGTTTGGGATGCACTAACAGGTGATGAGCTACATTCATTTGAACACAA

GCACATTGTCCGTGCATGCGCGTTTTCTGAGGATACCCACCTGTTGCTCACTGGAGGCGTA

GAAAAGATTTTGCGTGTCTATGATATGAATCGTCCAGATGCAGCACCAAGAGAACTTGACAA

AGCACCTGGTAACGTGCGAACTGTTGCTTGGCTTCATAGTGATCAAACAATACTAAGCTCGT

GCTCTGATATGGGAGGAGTAAGATTGTGGGATGTGAGGACTGGAAAAATTGTCCAAACTCTT

GAAACCAAGGCGCCTGTGACTAGCGCAGAAGTAAGTCAAGACAGCAGGTTCATCACTACAG

CTGATGGCTCGAGTGTTAAATTTTGGGATGCTAATCACTTTGGGCTTGTTAAAAGCTATGATA

TGCCTTGCACTGTGGAGTCAGCTTCCCTGGAACCAAAATCTGGGAGCAAATTTATTGTTGGG

GGAGAAGATATGTGGGTTCATGTATTTGATTTCTTCACTGGTGAAGAAATAACCTGTAACAAG

GGGCATCATGGTCCTGTCCACTGTGTCCGCTTTGCACCTGGCGGTGAATCTTATGCATCAG

GATCAGAAGATGGCACCATCCGGATCTGGCAGCTGAGCCCACCTAACGCTGATGACAATGA

GGCGGTCAATTCAAATGGCAAACCAACAGTTGGGGTA        

 10   840  cDNA Putative transcription factor WD-

40  BKOS   

G N P M L R N G E T G D W I G T F Q G H K G A V W S C C L D T N A L R A A S G S A 

D F S A K V W D A L T G D E L H S F E H K H I V R A C A F S E D T H L L L T G G V E K 

I L R V Y D M N R P D A A P R E L D K A P G N V R T V A W L H S D Q T I L S S C S D M 

G G V R L W D V R T G K I V Q T L E T K A P V T S A E V S Q D S R F I T T A D G S S V 

K F W D A N H F G L V K S Y D M P C T V E S A S L E P K S G S K F I V G G E D M W V 

H V F D F F T G E E I T C N K G H H G P V H C V R F A P G G E S Y A S G S E D G T I R 

I W Q L S P P N A D D N E A V N S N G K P T V G V 

 11  280  cDNA Putative 

transcription factor WD-40  BKOS   

 Transcription factor WD-40 gene  
 Primers  Takara ( )  Full length cDNA 



 5’  3’ RACE  PCR  1,035  ( ) 
 345  ( )   

ATGGAGAAGAAGAAGGTGGCGGTGCCGCTGGTGTGCCACGGCCACTCGCGCCCGGTCGTC

GACCTGTTCTACAGCCCCGTCACGCCCGACGGGTACTTCCTCATCAGCGCCAGTAAGGATG

GGAATCCAATGCTTCGTAATGGTGAGACTGGAGATTGGATTGGGACTTTCCAAGGTCATAAA

GGGGCTGTCTGGAGCTGCTGCCTAGACACAAATGCTCTGCGTGCTGCATCTGGTTCTGCTG

ACTTTTCAGCCAAAGTTTGGGATGCACTAACAGGTGATGAGCTACATTCATTTGAACACAAG

CACATTGTCCGTGCATGCGCGTTTTCTGAGGATACCCACCTGTTGCTCACTGGAGGCGTAG

AAAAGATTTTGCGTGTCTATGATATGAATCGTCCAGATGCAGCACCAAGAGAACTTGACAAA

GCACCTGGTAACGTGCGAACTGTTGCTTGGCTTCATAGTGATCAAACAATACTAAGCTCGTG

CTCTGATATGGGAGGAGTAAGATTGTGGGATGTGAGGACTGGAAAAATTGTCCAAACTCTTG

AAACCAAGGCGCCTGTGACTAGCGCAGAAGTAAGTCAAGACAGCAGGTTCATCACTACAGC

TGATGGCTCGAGTGTTAAATTTTGGGATGCTAATCACTTTGGGCTTGTTAAAAGCTATGATAT

GCCTTGCACTGTGGAGTCAGCTTCCCTGGAACCAAAATCTGGGAGCAAATTTATTGTTGGGG

GAGAAGATATGTGGGTTCATGTATTTGATTTCTTCACTGGTGAAGAAATAACCTGTAACAAGG

GGCATCATGGTCCTGTCCACTGTGTCCGCTTTGCACCTGGCGGTGAATCTTATGCATCAGGA

TCAGAAGATGGCACCATCCGGATCTGGCAGCTGAGCCCACCTAACGCTGATGACAATGAGG

CGGTCAATTCAAATGGCAAACCAACAGTTGGGGTAAATGAGGTTGCACGCAAGATCGAAGG

CTTCCACATTCCCAAGGAGGAGGAGCAGCAGCAGCAGCAGGCTGAGGGGTAG 

 12  Full length cDNA Putative transcription factor WD-40 gene  
 1,035   BKOS 

M E K K K V A V P L V C H G H S R P V V D L F Y S P V T P D G Y F L I S A S K D G N P 

M L R N G E T G D W I G T F Q G H K G A V W S C C L D T N A L R A A S G S A D F S A 

K V W D A L T G D E L H S F E H K H I V R A C A F S E D T H L L L T G G V E K I L R V 

Y D M N R P D A A P R E L D K A P G N V R T V A W L H S D Q T I L S S C S D M G G V 

R L W D V R T G K I V Q T L E T K A P V T S A E V S Q D S R F I T T A D G S S V K F W 

D A N H F G L V K S Y D M P C T V E S A S L E P K S G S K F I V G G E D M W V H V F  

D F F T G E E I T C N K G H H G P V H C V R F A P G G E S Y A S G S E D G T I R I W Q 



L S P P N A D D N E A V N S N G K P T V G V N E V A R K I E G F H I P K E E E Q Q Q 

Q Q A E G 

 13  345  Full length cDNA 

Putative transcription factor WD-40 gene  BKOS   

 GenBank 

 Blast n    Multiple sequence alignment ( )  putative 

WD-40 repeat protein  97% (  5)  
Transcription factor WD-40 gene  BKOS   
Transcription factor WD-40 gene  Dendrogram ( )  
Dendrogram  Transcription factor WD-40 gene  BKOS 

 WD-40 gene   WD-40  BKOS 

 

 5:   Putative transcription factor WD-40 

gene  BKOS  transcription factor WD-40 

gene     

 

Plant species

 

Gene name

Amino acid 

Identity (%)

GenBank 
accession 

number

Oryza sativa Putative WD-40 repeat protein 97 Q69X61 

Zea mays Serine-threonine kinase receptor-

associated protein 

92 B6T3R6 

Zea mays Predicted protein 89 F2DAB2 

Populus 
balsamifera subsp. 

trichocarpa 

Predicted protein 83 B9GWN6 



Ricinus communis Serine-threonine kinase receptor-

associated protein 

83 B9STP9 

BKOS-WD40                   MEKKKVAVPLVCHGHSRPVVDLFYSPVTPDGYFLISASKDGNPMLRNGET 

tr|Q69X61|Q69X61_ORYSJ      MEKKKVAVPLVCHGHSRPVVDLFYSPVTPDGYFLISASKDGNPMLRNGET 

tr|B4G1G6|B4G1G6_MAIZE      MEKKKVAIPLVCHGHSRPVVDLFYSPVTPDGYFLISASKDTNPMLRNGET 

tr|B6T3R6|B6T3R6_MAIZE      MEKKKVAIPLVCHGHSRPVVDLFYSPVTPDGYFLISASKDTNPMLRNGET 

tr|B9STP9|B9STP9_RICCO      MDKKRVAVPLVCHGHSRPVVDLFYSPVTPDGFFLISASKDSSPMLRNGET 

tr|B9RUZ3|B9RUZ3_RICCO      MDKKKVAVPLVCHGHSRPVVDLFYSPVTPDGFFLISASKDSSPMLRNGET 

                            *:**:**:***********************:******** .******** 

BKOS-WD40                   GDWIGTFQGHKGAVWSCCLDTNALRAASGSADFSAKVWDALTGDELHSFE 

tr|Q69X61|Q69X61_ORYSJ      GDWIGTFQGHKGAVWSCCLDTNALRAASGSADFSAKVWDALTGDELHSFE 

tr|B4G1G6|B4G1G6_MAIZE      GDWIGTFQGHKGAVWSCCLDRNALRAASASADFSAKVWDALTGDELHSFE 

tr|B6T3R6|B6T3R6_MAIZE      GDWIGTFQGHKGAVWSCCLDRNALRAASASADFSAKVWDALTGDELHSFE 

tr|B9STP9|B9STP9_RICCO      GDWIGTFEGHKGAVWSCCLDTNALRAASGSADFTAKVWDALTGDVLHSFE 

tr|B9RUZ3|B9RUZ3_RICCO      GDWIGTFEGHKGAVWSCSLDTKALRAASASADFTAKLWDALTGDELHSFE 

                            *******:*********.** :******.****:**:******* ***** 

BKOS-WD40                   HKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAAPRELDKAPGNVRT 

tr|Q69X61|Q69X61_ORYSJ      HKHIVRACAFSEDTHLLLTGGVEKILRVYDMNRPDAAPRELDKAPGNVRT 

tr|B4G1G6|B4G1G6_MAIZE      HKHIVRACAFSEDTHLLLTGGMEKILRVYDMNRPDAAPRELDKSPGSVRT 

tr|B6T3R6|B6T3R6_MAIZE      HKHIVRACAFSEDTHLLLTGGMEKILRVYDMNRPDAAPRELDKSPGSVRT 

tr|B9STP9|B9STP9_RICCO      HKHIVRASAFSEDTHLLLTGGIEKVLRIFDLNRPDAPPREVDKSPGSVRT 

tr|B9RUZ3|B9RUZ3_RICCO      HRHIVRACAFSEDTHLLLTGGMEKILRLFDLNRPDAPPREVNSSPGSIRT 

                            *:*****.*************:**:**::*:*****.***::.:**.:** 

BKOS-WD40                   VAWLHSDQTILSSCSDMGGVRLWDVRTGKIVQTLETKAPVTSAEVSQDSR 

tr|Q69X61|Q69X61_ORYSJ      VAWLHSDQTILSSCSDMGGVRLWDVRTGKIVQTLETKAPVTSAEVSQDSR 

tr|B4G1G6|B4G1G6_MAIZE      AAWLHSDQTILSSCTDMGGVRLWDVRTGKIVQTLETKASVTSAEVSQDGR 

tr|B6T3R6|B6T3R6_MAIZE      AAWLHSDQTILSSCTDMGGVRLWDVRTGKNVQTLETKASVTSAEVSQDGR 

tr|B9STP9|B9STP9_RICCO      VAWLHSDQTILSSCTDMGGVRLWDVRSGKIVQTLETKSSVTSAEVSQDGR 



tr|B9RUZ3|B9RUZ3_RICCO      VAWLHSDQTILSSCTDMGGVRLWDIRSGKIVQTLETKSPVTSAEVSQDGR 

                            .*************:*********:*:** *******:.*********.* 

BKOS-WD40                   FITTADGSSVKFWDANHFGLVKSYDMPCTVESASLEPKSGSKFIVGGEDM 

tr|Q69X61|Q69X61_ORYSJ      FITTADGSSVKFWDANHFGLVKSYDMPCTVESASLEPKSGSKFIVGGEDM 

tr|B4G1G6|B4G1G6_MAIZE      FITTADGSSVKFWDANHFGLVKSYDMPCNVESASLEPKSGSKFVAGGEDL 

tr|B6T3R6|B6T3R6_MAIZE      FITTADGSSVKFWDANHFGLVKSYDMPCNVESASLEPKSGSKFVAGGEDL 

tr|B9STP9|B9STP9_RICCO      YITTCDGSTVKFWDANHFGLVKSYDMPCTVESASLEPKYGNKFIAGGEDM 

tr|B9RUZ3|B9RUZ3_RICCO      YITTADGSTVKFWDANHFGLVKSYNMPCNVESASLEPKLGNKFVAGGEDM 

                            :***.***:***************:***.********* *.**:.****: 

BKOS-WD40                   WVHVFDFFTGEEITCNKGHHGPVHCVRFAPGGESYASGSEDGTIRIWQLS 

tr|Q69X61|Q69X61_ORYSJ      WVHVFDFFTGEEITCNKGHHGPVHCVRFAPGGESYASGSEDGTIRIWQLS 

tr|B4G1G6|B4G1G6_MAIZE      WVHVFDFFTGEEIACNKGHHGPVHCVRFAPCGESYASGSEDGTIRIWQLS 

tr|B6T3R6|B6T3R6_MAIZE      WVHVFDFFTGEEIACNKGHHGPVHCVRFAPCGESYASGSEDGTIRIWQLS 

tr|B9STP9|B9STP9_RICCO      WIHVFDFHTGDEIACNKGHHGPVHCVRFSPGGESYASGSEDGTIRIWQTG 

tr|B9RUZ3|B9RUZ3_RICCO      WIHVFDFHTGEQIGCNKGHHGPVHCLRFSPGGESYASGSEDGTIRIWQTG 

                            *:*****.**::* ***********:**:* ***************** . 

BKOS-WD40                   PPNADDNEAVNSN---GKPTVGVNEVARKIEGFHIPKEEEQQQQQAEG-- 

tr|Q69X61|Q69X61_ORYSJ      PPNADDNEAVNSN---GKPTVGVNEVARKIEGFHIPKEEEQQQQQAEG-- 

tr|B4G1G6|B4G1G6_MAIZE      PANADDNEVANAN---GKTTAGVNEVTTKIEGFHIPKEGQTEG------- 

tr|B6T3R6|B6T3R6_MAIZE      PANADDNEVANAN---GKTTAGVNEVTTKIEGFHIPKEGQTEG------- 

tr|B9STP9|B9STP9_RICCO      PLIQDDTEGLAANGSVGKVKVTAEEVTHKIEGFHIADGGKAKDKEEAAKE 

tr|B9RUZ3|B9RUZ3_RICCO      PQNHDE------NGPTGKAMASADDVTQKIKGKGGKTAGTDP-------- 

                            *   *:      *   **  . .::*: **:*

 14  Multiple sequence alignment  Putative transcription factor WD-40 

gene  (BKOS)    GenBank 

 



 
 15 Dendrogram  WD-40 gene 

 BKOS  GenBank 

 

3.  MYC  WD-40 Transcription factor genes 

  Transcription factor MYC gene 

 BKOS  MYC gene 

 pSTART  35S promoter 

  sense (pSTART-MYC)  anti-sense (pSTART-

antiMYC)  MYC gene  pSTART  WD-40 gene 

(pSTART-MYC-WD40)  35S promoter   

   Agrobacterium 

tumefaciens  AGL1  LBA4404 

   



 3.1  pSTART-MYC, pSTART-antiMYC, pSTART-MYC-WD40 

    Agrobacterium Transformation 

  

  

  

 BKOS 

  MYC  BKOS  
Agrobacterium transformation    pSTART-antiMYC  antisense MYC 

 BKOS  Agrobacterium  AGL1 

 LBA4404   6 

 6  BKOS  Kanamycin  
gus  Agrobacterium tumefaciens  AGL1  LBA4404       

 

 (%) 

Agrobacterium 
tumefaciens  

  Kanamycin 

 gus 

 

AGL1 1 250 0 0 

 2 250 0 0 

 3 250 1 0.004 

LBA4404 1 250 1 0.004 

 2 250 3 0.012 

 3 250 3 0.012 



 BKOS  Agrobacterium 

 AGL1  LBA4404  (0.004  0.012 % ) 

 gus  
  4   

 5 

 MYC  Transcription  

 

  pSTART-MYC  pSTART-MYC-WD40  
Agrobacterium transformation  Agrobacterium  AGL1  LBA4404 

 MYC  WD40  3 

 7 

 7  pSTART-MYC  pSTART-MYC-WD40  
Agrobacterium transformation  Agrobacterium  AGL1  LBA4404 

 Agrobacterium 
tumefaciens 

Plasmid 

 
  Kanamycin  

 (%) 

AGL1 pSTART-MYC 1 105 22 20.9 

  2 105 18 17.1 

  3 105 15 14.3 

 pSTART-MYC-
WD40 

1 105 18 17.1 

  2 105 10 9.5 

  3 105 12 11.4 

LBA4404 pSTART-MYC 1 115 65 56.5 



  2 115 68 59.1 

  3 115 72 62.6 

 pSTART-MYC-
WD40 

1 115 43 37.4 

  2 115 47 40.9 

  3 115 46 40 .0 

 

  Agrobacterium  
LBA4404  AGL1  pSTART-MYC  
LBA4404  50 – 60   AGL1 

 14 – 20   pSTART-MYC-WD40 
   pSTART-MYC  1.5 kb  Agrobacterium  

LBA4404  AGL1  

  
gus  ( ) 

 Transcription  RT-PCR 

 MYC  WD-40   
 WD40  

 MYC  Tr7  Tr12 

 

 

 

 



 

       C          Tr1        Tr3         Tr7        Tr12       Tr18        Tr22        Tr23       Tr29         Tr33       Tr37     

 

 

 

 16  MYC  WD40 

 RT-PCR  C   ( ) Tr1 – Tr37 

 

 

   MYC 

 WD40  pSTART-MYC  pSTART-MYC-WD40  

 Agrobacterium  AGL1  LBA4404 
 gus   MYC  WD40  

Transcription  RT-PCR 

 

  8 

 8  pSTART-MYC  pSTART-MYC-WD40  
Agrobacterium transformation  Agrobacterium  AGL1  LBA4404 

  

MYC 

 

 

WD40 



Agrobacterium 
tumefaciens 

Plasmid 

 

 

     Kanamycin  

 (%) 

AGL1 pSTART-MYC 1 50 10 20 

  2 50 12 24 

  3 50 11 22 

 pSTART-MYC-
WD40 

1 50 8 16 

  2 50 8 16 

  3 50 7 14 

LBA4404 pSTART-MYC 1 50 22 44 

  2 50 20 40 

  3 50 20 40 

 pSTART-MYC-
WD40 

1 50 18 36 

  2 50 21 42 

  3 50  20 40 

   

 

 

 

 

 



 

       C         Tr1        Tr2       Tr4        Tr6       Tr9       Tr12      Tr16     Tr17      Tr20                

 

 

 17  MYC  WD40 

 RT-PCR  C   ( ) Tr1 – Tr20 

 

 

 gus   
( )  Transcription  RT- PCR 

 MYC  WD-40   
 MYC  WD40   

    3.2  MYC   MYC-WD40 
   

    MYC  
BKOS  

 MYC  WD40  
 CHS  CHI  DFR  F3H  ANS  UFGT   

     MYC  MYC-WD40 

 CHS  CHI  DFR  F3H  

MYC 

 

 

WD40 



 ANS  UFGT  MYC-WD40 

 MYC   

                                             C               MYC       MYC-WD40 

      

 

 18 
 MYC  MYC-WD40  (C)   

4.  

 

 MYC-WD40  High performance 

liquid chromatography (HPLC)  Kuwayama et al., 2005 

 Liquid Nitrogen        -20 ºC  

   70:30  100  

  140   24   

 1   7   24   Millipore filter 

CHS 

 

CHI 

 

DFR 

 

F3H 

 



 45  Sephadex G-25, Sephadex LH-20  
Amberlite CG-50    1- delphinidin 

3-galactoside; 2 – delphinidin 3-glucoside; 3 – cyanidin 3-galactoside; 4 – delphinidin 3-

arabinoside; 5 – cyanidin 3-glucoside; 6 – petunidin 3-galactoside; 7 – cyanidin 3-arabinoside; 8 

– petunidin 3-glucoside; 9 – peonidin 3-galactoside; 10 – petunidin 3-arabinoside   HPLC 

 Flow rate 1.0 Lpm  510  

 

  

 19 HPLC-Chromatogram  (A) 

  MYC  WD40 (B)   

 HPLC 

 MYC-WD40 (  A)  (  B)   

 MYC-WD40 

    19  peak 

 6  peak  1- delphinidin 3-galactoside; 3– cyanidin 3-galactoside; 5 – 

cyanidin 3-glucoside; 6 – petunidin 3-galactoside; 8 – petunidin 3-glucoside  9 – peonidin 3-

galactoside   peak   2 – delphinidin 3-glucoside; 4 

– delphinidin 3-arabinoside; 7 – cyanidin 3-arabinoside  10 – petunidin 3-arabinoside   

A

B



 

 Chromatogram 
 MYC  WD40 

 MYC  ( )  
HPLC   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5.  

 

 Myc transcription factor 

 BKOS  
 Myc  Transcription factor  

WD40  Myb   Myc 

 (Stommel et al., 2009; 

Yamazaki et al., 2003)   Myc transcription factor gene  Family genes 

 Myc 

   Myc protein  Myb  WD40  protein complex  

  (Ramsary and Glover. 2005)  late biosynthetic genes (LBGs) 

 responsive elements   

 

 Myc  BKOS  1,353  
 451    

GenBank  R-type basic helix-loop-helix (Plw-OSB2)  
92%      Sakamoto  2001  Plw-OSB2  PI  

 Transcription factor gene 

     MYC  MYB 

 (Dooner et al., 1991) 

 
  Myc  
 Myc  transcription  Chalcone synthase (CHS), 



anthocyanin synthase (ANS)  UDP-glucose-flavonoid 3-O-glucosyltransferase (UFGT) 

 (  18)   Phenotypes 

  Cultrone  
2010  MYC    MYC 

 CHS, ANS  UFGT   

   Myc  WD40  BKOS

 (  19)  
    Quattrocchio 

 2006  
 Myb transcription factor gene  Myb 

 
 Myc  WD40 

  

 

 Myc  WD40 

 BKOS 

 antioxidant   cyanidin 3-glucoside  petunidin 3-

glucoside   
(Xu et al., 2010)  (Cooke et al., 2006)    cyanidin 3-galactoside   (Chen 

et al., 2006)  

 BKOS  

 

 



 

6.  

 . 2545.    

 (Anthocyanin Biosynthesis Effects on Plant Color Controlling).     
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 flavonoid. { }.   : www.hort.purdue.edu. (15/11/50)   
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Flavonoid. { }.  : www.florigene.com.au/regulation. (15/11/50)   
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Using a low-energy N+ / N2

+ ion beam, a mutant variety of Thai jasmine rice (Oryza sativa L. 

cv. KDML105) was created which had distinctive black seeds, was short-in-stature and was 

photoperiod insensitive. To characterize the biochemical origin of the black seeds color 

phenotype, flavonoid and anthocyanin accumulation levels were measured as was the 

expression of genes involved in the anthocyanin biosynthesis pathway. Anthocyanin 

synthase, an enzyme not expressed in the original variety, was found to be expressed in all 

mutant tissues in addition to the two enzymes F3’H and F3’5’H which initiate alternative 

color pathways. The expression of MYC or Ra, a known anthocyanin upregulator, in the 

mutant is proposed to be caused by the inactivation of a repressor gene present in the original 

variety which was inactivated in the mutant by the ion beam bombardment. The increased 

production of anthocyanin, a known antioxidant, and the additional growing season due to 

high-light insensitivity mark this mutant as a possible new improved crop variety for Thai 

rice cultivation. 

Keywords: low energy ion beam, Oryza sativa L. cv. KDML105, , F3’H, F3’5’H, DFR, MYC.



INTRODUCTION

To characterize a potentially economically important mutant variety of Thai jasmine rice

(Oryza sativa L. cv. KDML105) created using low energy ion beam bombardment, we examined the

morphological and physiological features, flavonoid and anthocyanin accumulation levels, and

explored the expression of genes involved in anthocyanin biosynthesis. The progenitor of this

mutant variety of Thai jasmine rice called Khao HomMali 105 (KDML105) is widely valued due to its

long grain, appealing flavor and good texture, which marks it as one of the key varieties for export

from Thailand [1]. Although this variety is the reportedly highest quality rice available [2], it has

several characteristics which could be improved such as photo sensitivity which limits growth to

short daylight seasons, long stalks which can be damaged by high winds, relatively low yield as

compared to other rice varieties and a lack of resistance to pathogens [3].

In an effort to create additional varieties of jasmine rice with novel characteristics, seeds

were bombarded with low energy N+ / N2
+ ions in vacuum as a mechanism to induce mutation. Such

ion beams have been characterized as having a wide mutation spectrum with lower damage to living

tissue and a higher mutation rate in comparison to other mutation methods used in plants [4,5].

The mutant described herein had a modified anthocyanin biochemical pathway leading to an

increased accumulation of anthocyanin in various tissues of the mutant jasmine rice. Anthocyanins

are water soluble pigments produced in many vascular plants which accumulate in vacuoles[6], and

are involved in a broad range of functions[7,8]. The first enzymes in the anthocyanin pathway are

chalcone synthase (CHS), chalcone isomerase (CHI), and flavanone 3 hydroxylase (F3H), which

produce chalcones, flavanones and dihydroflavonols, respectively. From these anthocyanins

3 O glycosides are synthesized from dihydroflavonols by the consecutive reactions catalyzed by

dihydroflavonol 4 reductase (DFR), anthocyanin synthase (ANS) and UDP glucose flavonol 3 O

glucosyltransferase [9]. The expression of anthocyanins biosynthesis genes is regulated at the

transcription level and consequently, the pigmentation pattern must be specified by expression of



the regulatory genes [10], so both differential expression of structural genes and the modification of

regulatory genes could be responsible for modified anthocyanin expression patterns.

 
1. Materials and methods 

1.1 Ion beam bombardment

To prepare the Thai jasmine rice seeds for bombardment, about 4,800 seed coats were carefully

peeled to avoid damage to the embryo tissues. All of the peeled seeds were then placed into the

sample holder.. The rice seeds were positioned so that their embryonic end was exposed to the ion

beam line. The nitrogen ion beam composed of both atomic (N) and molecular (N2) ions was used to

bombard the seeds at an accelerating voltage of 60 kV where the energy of the nitrogen ions was 60

keV with fluences of 4 x 1016 ions cm 2 using the protocol described by Anuntalabhochai et.al., 2004.

1.2 Scanning electron microscopy

To image the surface of the bombarded rice, a scanning electron microscope (SEM) was used where

the bombarded and control rice seeds were fixed in glutaraldehyde, dehydrated through an alcohol

acetone series, dried in a critical point drying apparatus, mounted on stubs and coated with gold in a

sputter coater [11]. The specimens were observed and photographed with a JEOL 5800 LV SEM

operating at a 15 kV accelerating voltage.

1.3 Plant materials

The seeds of Thai jasmine rice (Oryza sativa indica KDML105) used in this study were kindly

provided by the Agronomy Department, Agriculture Faculty, Chiang Mai University, Thailand. After

being bombarded, the seeds were kept moist overnight until the following day, when the seeds were

planted in potting soil, and allowed to grow for three to four weeks until attaining the rice seedling

growth stage. From these rice seedlings, which were around 15cm in height, samples were selected



and transplanted to plastic pots for two months. The cultivations were carried out during the July to

December season. A mutant from the bombarded seed sample which had distinctive black seeds and

was short in stature was selected for analysis.

1.4 Preparation of rice extract and anthocyanin analysis

Leaves, roots, auricles and seeds from the M5 mutant and control were harvested and stored at

80°C. Each sample was ground to a fine powder in liquid N2 and any anthocyanin present was

extracted using 1% HCl in methanol or 70% (w/v) acetone containing 0.1% (w/v) ascorbate,

respectively, for 12 h at 4°C in the dark. The total anthocyanin solutions were then extracted using

Folch partitioning [12] and the anthocyanin absorbance peak was measured at 530 to 540 nm.

1.5 Analysis of gene expression (RT PCR)

Total RNA was isolated from seedlings and multiple body parts of mature M5 mutants and controls

using the manufacturer’s recommended Trizol reagent protocol (Invitrogen). For each RNA sample,

absorption at 260 nm was measured and RNA concentration calculated as A260 × 40 ( g mL 1) ×

dilution factors. The quality of each RNA sample was checked using agarose gel electrophoresis.

From this RNA pool, cDNA was synthesized using the First Strand cDNA Synthesis Kit (Fermentas). To

test for the presence of six mRNA transcripts involved in the anthocyanin biochemical pathway (Ra,

F3’H, F3’5’H, DFR, ANS and Actin), primer sequences (Table 1.) were designed to amplify internal

segments of these genes.

 



Table 1. Primer sequences used in RT PCR

Forward 5’-ATGGCTCAGAATCATGAGAGGGTG-3’

MYC, Ra

Reverse 5’-TCAGCACTTACCAGCAATTTTC-3’

Forward 5’ GGTGATCGGCGCCTCGAGAATC 3’

F3’H

Reverse 5’ GGCATGTGTGGACATGGACCC 5’

Forward 5’ CTACAAGATGCGTTTCGTGTATGC 3’

F3’5’H

Reverse 5’ CAAAACAAACACACTTCATTCATC 3’

Forward 5’ CGATTGTCTTGGAGACGAAG 3’

DFR

Reverse 5’ GACCCCACGAATCAGAAGAAGG 3’

Forward 5’ CCAGCCTCCCTTCATCCAATCC 3’

ANS

Reverse 5’ ATTCGAGCTCGGTACCCGGGG 3’

Forward 5’ CTTTGATTTCTCATAAGGTGCC 3’

Actin

Reverse 5’ CTAAATCCCTTAACGAGGATCC 3’

2. Results 

2.1 Effect of ion beam bombardment on the rice embryo cell surface

Due to a high linear energy transfer, ion beam technology has been used to increase the mutation

frequency in a wide spectrum of plant species [13]. The mutation mechanism is through ablation of

the cell surface by the positively charged nitrogen ions which perforate the seed allowing cascade

ions to penetrate the cell without causing extensive damage to the interior of the cell [14,15]. The

mutant jasmine rice seeds generated by bombardment with the low energy N+ / N2
+ ion beam show

a characteristic sputtering of the embryo cell envelope (Fig. 1). From this image, it is clear that the



surface topography has been significantly altered and the treated cell surfaces are now much

rougher with several surface intrusions visible in the SEM.

 

Fig. 1. The morphological effect of ion beam bombardment on seed embryo cells of jasmine rice.

The six figures contain Scanning Electron Microscope (SEM) images of untreated embryo cell

surfaces of KDML105 at x1,000 (A), x5,000 (C) and x10,000 (E) times magnification, and embryo cell

surfaces bombarded with N+ / N2
+ ions at x1,000 (B), x5,000 (D) and x10,000 (F) times magnification.

The treatment conditions were an applied voltage of 60 keV with a dose of 2x1016 ions cm 2.

2.2 Mutant jasmine rice morphological characteristics

The mutant jasmine rice presented here exhibited several striking morphological changes from that

of the wild type variety. These changes include a decreased height of approximately 80 to 90 cm



from that of the wild type which grows to 1.2 1.5 meters, an insensitivity to high light intensity

which enables it to grow in the middle of the Thai summer (March to June), and a deep purple color

in multiple tissues of the plant. (Fig. 2A) and (Fig. 2B) present the appearance of the normal wild

type (WT) rice plant and the deep purple mutant variety respectively. As can be seen in these

images, the mutant variety can be easily distinguished from the wild type by both the color of the

rice sheaf and the plant stalks. The purple accumulation occurs in the stalk (Fig. 2C), leaf (Fig. 2D),

and in the immature rice seeds where there is a slight build up anthocyanin as compared to the WT

(Fig. 2E). This becomes significantly more pronounced in the mature seeds both in the husk (Fig. 2F)

and after being husked (Fig. 2G) as compared to the progenitor variety. In addition, the buildup of

purple color in the cells is clearly visible in the mutant auricle (Fig. 2I) versus the wild type (Fig. 2H).

Interestingly, the only tissue of the mutant variety which does not show a purple signature is in the

young roots, but in older established roots the purple color is clearly present (Fig. 2K).



Fig. 2.Morphological mutants in KDML105 jasmine rice induced with a low energy N+ / N2
+ ion

beam. Figs (A) and (B) illustrate the wild type (WT) plant versus the mutant (BKOS) phenotype. The

mutant has a purple color in the plant stem (C), Leaf (D), immature seeds (E), husked (F) and de

husked mature seeds (G), in the normal auricle (H) versus mutant auricle (I) which shows the

accumulation of purple inside the cells, and the normal root (J) versus the mutant roots structures

(K). Note the lack of purple accumulation in the young roots versus older roots of the mutant BKOS

phenotype.

2.3 Accumulation of anthocyanin

The presence of anthocyanin was tested in the leaves, young and old roots, auricles and seeds from

the M5 mutant and control. In each case, the measured absorbance peaks for the different tissues

(Fig. 3) showed that the purple color accumulation was accompanied by the presence of a chemical

with the correct absorbance peak at 530 to 540 nm.

Fig. 3. Anthocyanin levels in various body tissues.



2.4 Biochemical regulation of anthocyanin production

To determine which proteins in the anthocyanin biochemical pathway were differentially expressed

in the mutant versus the wild type, the expression levels of four core enzymes of this pathway (F3’H,

F3’5’H, DFR, and ANS), a known regulator of anthocyanin production MYC (Ra) and an internal

standard control (Actin) were measured. As shown in (Fig. 5), both DFR and ANS are critical steps in

the anthocyanin pathway, and DFR was found to be expressed in some tissues of the wild type and

all tissues of the mutant (Fig. 4), while ANS was not expressed in the wild type at all and was highly

expressed in all mutant tissues. Although the proteins F3’H and F3’5’H are not required for

activation of the anthocyanin pathway, both were active in the mutant type and not in the wild type.

The expression of protein Ra which is a known activator of the anthocyanin pathway [16] was found

to be differentially expressed in the wild type versus the mutant.

Fig. 4. Semi quantitative RT PCR analysis used to detect the expression of genes in the anthocyanin

biosynthesis pathway. Expression was tested in tissues of the seed coat (SC), leaf (L), young root

(YR), old root (OR) and auricle (A) for both the wild type and mutant BKOS jasmine rice.

 
 
 



Discussion  

The use of low energy ion beams to induce mutation in serial crops has proven to be an

effective method of mutation due to a high linear energy transfer and relative biological

effectiveness as composed to mutation using gamma rays. During ion beam implantation, in addition

to energy absorption (as is deposited with gamma ray and X ray radiation), there is also mass

deposition and charge exchange [17,18]. This mass and charge deposition enables a low dose of

irradiation to damage the double chain of DNA causing large scale deletions [19] in addition to point

mutations [20]. To capitalize on this ability to mutate plants while retaining viability, nitrogen ions

were used to bombard Thai Jasmine rice seeds and a mutant with a bright purple phenotype due to

increased levels of anthocyanin was created.

The buildup of anthrocyanin in the mutant Thai jasmine rice KDML105 due to the activation

of the anthrocyanin biochemical pathway is most likely due to the activation of the Ra gene which is

active in the mutant jasmine rice and is known to activate anthrocyanin production in Maize [21].

Since ion beam bombardment predominantly leads to loss of function mutations, the most likely

explanation for the activation ofMYC or Ra in the mutant is due to the knockout of a repressor gene

for Ra as shown at the top of (Fig. 5). The expression of ANS in the mutant variety is the second

critical requirement for anthocyanin production since it is not expressed in the original variety and

without ANS the leucoanthocyanidins cannot be converted to the colored cyanin products. Also

since the protein product dihydrokaempferol is not present in the wild type (data not shown), this

points to a breakdown of the initiation of the biochemical pathway which is why the Ra activator

was chosen to be tested.



Fig. 5. Anthocyanin biosynthesis pathway. Dihydrokaempferol is the base product for the 
orange color pathway. Two additional pathways proceed using the same biochemical steps 
after dihydrokaempferol is modified using F3’H (red color) or F3’5’H (blue color) by adding 
extra OH groups at resides R and/or R’. Proteins shaded gray are not expressed in the WT 
and the predicted Ra repressor protein is not expressed in BKOS. 



Horticultural approaches to improve the nutritional quality of crops provide an inexpensive

complement to medical programs and nutritional supplementation to prevent human disease. In

particular anthocyanins are known to be effective antioxidants capable of free radical scavenging

[22,23]. Besides antioxidant activity, anthocyanins are considered important substances in cancer

prevention as they have been shown to inhibit the growth of cancer cells in multiple tissues [24,25].

To capitalize on these beneficial properties, the increased production of anthocyanins has become a

highly sought trait in such plants as the tomato [26] and Shiraz grape berries [27]. Although the

anthocyanin biosynthetic pathway has been completely elucidated, attempts to modify anthocyanin

biosynthesis have met with varying degrees of success [28] showing that multiple regulatory

proteins may act synergistically [29,30]. The increased anthocyanin production in a staple crop such

as rice could provide an effective means to provide the benefit of anthocyanins to a wide range of

economically disadvantaged people otherwise unable to afford the costs of nutritional

supplementation. The mutant Thai jasmine rice described here has the potential to be just such a

staple crop which could provide another direction for the growing interest in the development of

agronomically important food crops with optimized levels and composition of anthocyanins.

This research was conducted using funding from the following sources: The Thailand Research Fund

(TRF) and the National Research Council of Thailand (NRCT).
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