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Fig.1-1. Advertising printing of our new local pungent radish 
-no-

origin of the name and reference address are described with 
the photograph. 
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Fig.1-2. Anthocyanin biosynthetic pathway. Enzyme abbreviations: ANS, 

anthocyanidin synthase; CHI, chalcone isomerase; CHS, chalcone synthase; DFR, 

dihydroflavonol reductase; F3H, flavonone 3-

-hydroxylase; 3GT, flavonoid 3-glucosyltransferase. 
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Fig. 2-1-2. Evaluation of root shape. A is taproot shape. 1: Kameido type, 2: Taibyo type, 3: 

Nezumi type, 4: Koshin type, 5: Shogoin type, 6: Kikon type. B is branched root level (0, 1, 2, 3).  
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Table2-1-1

Table2-1-3

Table2-1-2

Table2-1-4  

M6 M8

M6 M10 61.3 90.5

56.3 83.9

M6 M10 66.7 79.7

67.9 91.5 2

M6 M10

77.0 98.9 71.6 94.3

M6 M10

55.8 81.6 0 3.3 0 4.8 0 0.8

18.4 39.6  S1 S5

71.4

93.3 0 14.3 6.7 27.0  

 M6 M10

60.8 83.3 0 5.8

15.3 33.4 S1 S5

25.0 85.9
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12

HPLC HPLC

LC10A Water C18 4.6×250mm

40 A 1.5% B 1.5% 20
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515nm
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5 g 18 mL

80 50 mL

400 µL 80 400 

µL 400 µM DPPH 0.2 M MES Buffer 20 1

1 1 v/v/v 2.4 mL 20

520 nm

Trolox  

 

 

DPPH Tukey

5

IBM SPSS Statistics 22
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L*: 82.2, b*/a*: 11.29 ± 2.23

L*: 79.1, b*/a*: 8.34 ± 0.95 RHSCC No. 

NN155A; white group L*: 

48.3, b*/a*: -0.47 ± 0.02 N81D; Purple-violet group

L*: 36.3, b*/a*: -0.08 ± 0.01 64A; 

Red-purple group Table 2-2-1

L*: 34.0, b*/a*: -0.26 ± 0.03 77A; Purple 

group L*: 40.0, b*/a*: -0.26 ± 0.04 N78B; Purple 

group L*: 39.6, b*/a*: -0.04 ± 0.02

67B; Red-purple group L*: 39.7, b*/a*: -0.03 ± 0.01

61A; Red-purple group

Table 2-2-1 Fig. 2-2-1  

HPLC

P1  

3 5 P2

 3 5 P3

 3 5

Fig. 2-2-2

R1  3 5

R2  3 5

R3  3
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5 Fig. 2-2-2

2013  

 

 

2013 38.2±9.29mg/100g juice

2014 25.7 4.35mg/100g juice  2013 52.8 

±3.14mg/100g juice 2014 37.5 6.85mg/100g juice 2013

31.7±4.74mg/100g juice 2014 46.2±4.62mg/100g juice

2013 13.7±1.22mg/100g juice 2014

22.5±1.89mg/100g juice 29.0±1.57mg/100g 

juice 23.0±1.57mg/100g juice

2013 26.5±1.37 mg/100g juice

2014 28.3±1.98mg/100g juice

Fig. 2-2-3A 2013 8.9

0.80 Brix 2014 7.5 0.32 Brix 2013 8.0

0.33 Brix 2014 7.1 1.98 Brix

2013 5.3 0.03 Brix 2014 4.8 0.07 Brix

2013 8.8 0.71 Brix 2014 7.3 0.20 Brix

2013 7.0 0.22 Brix 2014 7.0 0.19 Brix

7.0 0.03 Brix 7.5 0.15 Brix

Fig. 2-2-3B

6.6 0.03A520-0.25A657/100gFW 6.4 0.20 

A520-0.25A657/100gFW 3.1 0.17 A520-0.25A657/100gFW

6.6 A520-0.25A657/100gFW
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6.6 A520-0.25A657/100gFW 6.3 0.05 

A520-0.25A657/100gFW Fig. 2-2-4 2013

121.3 6.40µmol Trolox eq/100gFW 2014 146.1 20.57µmol 

Trolox eq/100gFW DPPH 2013 91.3

3.11µmol Trolox eq/100gFW 2014 162.1 23.62µmol Trolox 

eq/100gFW 130.9 24.83 µmol Trolox eq/100gFW

117.7 3.50 µmol Trolox eq/100gFW

2013 255.1 20.92µmol Trolox eq/100gFW 2014 276.0

27.20µmol Trolox eq/100gFW 2013 250.1 19.22µmol 

Trolox eq/100gFW 2014 287.8 22.76 µmol Trolox eq/100gFW

DPPH 2

2013 25.7 7.19µmol Trolox eq/100gFW 2014 40.6

3.60µmol Trolox eq/100gFW 7 10 Fig. 2-2-5  
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B C D 

A 

Fig.2-2-1. 

(center and right) in 2012 (A) and their cross section (B D). Bar indicates 10cm.
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Fig.2-2-2. HPLC chromatograms of anthocyanin pigments in root skin and xylem 

parenchyma of purple- and red-root breeding lines. Peaks are as follows; P1: Cyanidin 

3-[2-(glucosyl)-6-(trans-p-coumaroyl)-glucoside]-5-[6-(malonyl)-glucoside], P2: 

Cyanidin 3-[2-(glucosyl)-6-(trans-feruloyl)-glucoside]-5-[6-(malonyl)-glucoside], P3: 

Malonyl cyanidin 3-[2-(glucosyl)-6-(trans-caffeoyl)-glucoside]-5-glucoside, R1: 

Pelargonidin 3-[2-(glucosyl)-6-(trans-feruloyl)-glucoside]-5-(6-malonyl-glucoside), R2: 

Pelargonidin 3-[2-(glucosyl)-6-(trans-p-coumaroyl)-glucoside]-5-(6-malonyl-glucoside), 

R3: Pelargonidin 3-[2-(glucosyl)-6-(trans-caffeoyl)-glucoside]-5-(6-malonyl-glucoside). 
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Fig. 2-2-3. Isothiocyanate content (A) and soluble solids content (S

omaru 

 and red root breeding lines (PBL and RBL). Bars are standard 

error (n=3). Different letters indicate significant differences at  P 

comparison tests) among same year. 
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Fig. 2-2-4. Anthocyanin contents of root skin and xylem parenchyma in 

 

purple and red root breeding lines (PBL and RBL). Bars are standard error 

(n=3). 
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Fig. 2-2-5. DPPH radical s o sou

ouan aomaru ko  and red root 

breeding lines (PBL and RBL) in 2013 and 2014. Bars are standard error (n=3). Different 

letters indicate significant differences at P 

same year. 
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 521

2 2

2 2  

 

3  

Mizuta et al. 2009

ca 0.5g 4 10mL 50%

No.1

2N 100 60

No.2 Sep-pak C18

Waters 1

50

Millipore DISMIC-25HP

 HPLC

(Extrasynthese, Genay, France)   

 GL HPLC

GL-7410, GL-7420, GL-7432, GL-7452A, GL-7480 ; GL sciences Inc.

Inertsil ODS-4 column 4.6 × 150 mm, 

GL sciences Inc. 40 520 nm

55 A 1.5 45 B 1.5 20

25 1.0 mL· 1 25  
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3 RNA DNA cDNA  

Hot Borate Wan and Wilkins, 

1994 Total RNA RNA DNase I TaKaRa

DNA Total RNA 1µg ReverTra-Ace Toyobo

cDNA

CTAB Kobayashi et al., 1998 DNA  

 

4  

CHS F3H DFR ANS  

CHS AF031922 F3H AB087211

DFR KF280272 ANS KR262954

cDNA -Full RACE Core Set TaKaRa

RACE PCR  

PCR pGEM®-T Easy Vector Promega HST08 Premium 

Competent Cell TaKaRa FastGene 

Plasmid Mini kit Nippon Genetics Co. DNA 

200ng BigDye® Terminator version 3.1 Cycle Sequencing Kit Applied 

Biosystems Genetyx ver.11 Software Development Co., 

Tokyo, Japan Blastx  

 

F  

NCBI DQ324379

Table 3-1-1

cDNA PCR PCR 2.5 ng cDNA

0.25units Ex Taq TaKaRa 1×PCR buffer TaKaRa 200µM dNTP 
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0.2µM 10µL PCR 94

2 94   30   57   30   72  1   30   35

 27  1 30 PCR

 

cDNA 3 -Full RACE Core Set

TaKaRa 3 -UTR

DNA PCR Ochman 

et al., 1988 5 -UTR PCR

Total DNA 500 ng EcoRI 37  12

T4 Ligase PCR

PCR 2.5 ng DNA 0.25units Ex Taq

TaKaRa 1×PCR buffer TaKaRa 200µM dNTP 0.2µM

10µL PCR 94 2

94 30 55 1st PCR / 51 2nd PCR 30 72 3 35

72 5 PCR

 

 MYB

cDNA PCR

 

 DNA 5 3 UTR PCR

F3 H PCR 20ng DNA 0.5units

PrimeSTAR GXL polymerase TaKaRa 1×PCR buffer TaKaRa 200µM 

dNTP 0.2µM 20µL PCR

98 5 98 10 57 5 68 3 35
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72  10 TA

Ex-Taq0.25U 72°C30 A

pGEM-T easy vector (Promega) E. coli HST08 

Premium Competent Cells (TaKaRa Bio)

 

 

MYB  

 NCBI Brassica oleracea MYB2, GU219987

MYB Table 3-1-1

cDNA PCR PCR 2.5 ng

cDNA 0.25units Ex Taq TaKaRa 1×PCR buffer TaKaRa 200µM 

dNTP 0.2µM 10µL PCR

94  2   94   30   60   30   72  1   35

  72    1   30 PCR

cDNA 3 -Full RACE Core Set TaKaRa 3 -UTR

DNA

PCR Ochman et al., 1988 5 -UTR

PCR Total DNA 500 ng PstI 37  

12 T4 Ligase

PCR PCR 2.5 

ng DNA 0.25units Ex Taq TaKaRa 1×PCR buffer TaKaRa 200µM 

dNTP 0.2µM 10µL PCR

94 2 94 30 60 1st PCR /60 2nd PCR
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30 72 3 35 72 5

PCR  

MYB

cDNA PCR

 

 

5.  

 

RT-PCR

PCR RT-PCR

Table3-1-1  

RT-PCR 1µL cDNA 0.5units Ex Taq TaKaRa

1×PCR buffer TaKaRa 200µM dNTP 0.2µM

20µL ACTIN

FY430005 PCR 94 2

94 30 58°C /60 CHS F3H DFR ANS /61 ACTIN

30 72 30 35 72 5 PCR

0.5 TBE 1%

 

 MYB

PCR

RNA 26S Park et al., 2011

1µL cDNA 10 SYBR Premix Ex-Taq II TaKaRa 0.25 M

20µL  PCR Thermal Cycler Dice 

Real-Time System TaKaRa 95  30 95 5 58°C
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/62 MYB /56 26S 10 72 20 50

PCR 3  

Ct

- Ct ^1/2

F3'H MYB

1 SE

Cheon et al., 2011  

 

5 F3 H DNA  

DNA F3 H 2

PCR

PCR 20 ng DNA 0.5units Ex Taq TaKaRa 1×PCR buffer

TaKaRa 200µM dNTP 0.2µM

20µL PCR 94 2 94 30 57 P1-P2

/57 P3-P4 30 72 5 35 72  5

PCR 0.5 TBE 1%

P1 P2 TOPO-XL PCR 

cloning kit (Invitrogen, Carlsbad, CA, USA) E. coli HST08 Premium 

Competent Cells (TaKaRa)

521

Genetyx ver.11  
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 A B C D E 

Fig. 3-1-1. Photographs of the five radish varieties used in this study: (A) 

icate 10 cm. 
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Table 3-1-1. Primer used for isolation of  gene, expression analysis of radish 
anthocyanin biosynthesis genes and DNA analysis. 
  Sequence(5 -3 ) 
Isolation for Rs  and RsMYB 
Rs  Forward ATGACTAATCTTTACCTCACAATCC 
 Reverse TTAAGCCGACCCGAGTCCGTAAGCACTC 
RsMYB Forward ATGGAGGRTWYGTCCAAASGGT 
 Reverse TCAAGTTYMGYYTCTCCAT 
Inverse PCR to confirm  
Rs  First PCR Forward TTCTAACGCTATAGCTCACC 
 Reverse CTGTCGAACATGTTTAAAATCTTC 
Rs  Second PCR Forward GTATATTGAGTTATTCGAATTA 
 Reverse ATCGTGAACTTTCAAGAACT 
RsMYB First PCR Forward GAGGCAATGCATTGATAAGTATGG 
 Reverse TATCTTCTTCAGCAGTCCATGCAC 
RsMYB Second PCR Forward AATCGGTGCAGGAAGAGTTGTAGA 
 Reverse AGTCCATGCACCTTTTCTCAACC 
Isolation for complete RsF  and RsMYB 
Rs  Forward ATGACTAATCTCTTCCTCACAATCC 
 Reverse GTTTAAACAGACCCAAGCCC 
RsMYB Forward TATCGTTGGTCCATGGAGG 
 Reverse CACTAGTTCACACGCAAGCA 
Isolation of  gene from gDNA  
 Forward CTAACCGAGATATGCATGGT 
 Reverse ATTACACAAACATCACAAGGC 
Gene expression   
CHS Forward TCCAAGCGGAGTATCCTGACTAC 
 Reverse GCACATGTTAGGGTTCTCTTTCAA 
F3H Forward TGATCTAACCCTCGGACTCA 
 Reverse TCTGGAACGTGGCTATTGAT 

 Forward GCCGAACAGTTCTTGAAAGT 
 Reverse CTGTCGAACATGTTTAAAATCTTC 
DFR Forward ACCGGATGGATGTATTTCATGTC 
 Reverse ATGATGGAGTAATGTGCCTCGTT 
ANS Forward GAGCCTGACCGTCTAGAGAAAGA 
 Reverse CAAACCAGGAACCATGTTGTGTA 
MYB Forward AGAAAAGAGAAACATTCCTTGCTCTC 
 Reverse GTAGCAATACTTTCACAAACATTTTTGG 
ACTIN Forward CGATGGTGAGGACATTCAAC 
 Reverse TCACCAGAGTCGAGCACAATA 
26S ribosomal RNA Forward AACACCCTTTGTGGGTTCTAGGT 
 Reverse GCCCTCGACCTATTCTCAAACTT 
DNA analysis   
P1 Forward CTAACCGAGATATGCATGGT 
P2 Reverse CTGTCGAACATGTTTAAAATCTTC 
P3 Forward GAAGAGGTTGGAACACTCATG 
P4 Reverse GGGCTTGGGTCTGTTTAAAC 
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3.1 0.17A520-0.25A657/gFW 0.4

0.09A520-0.25A657/gFW 1.0

0.39A520-0.25A657/gFW 6.3 0.05A520-0.25A657/gFW

521 6.6 0.04A520-0.25A657/gFW

5.3 1.08A520-0.25A657/gFW

Fig. 3-1-2  

 

 

 

521

2

Table 3-1-2  

 

 

-a 1536 bp, DDBJ accession 

number LC202035 -b 1536 bp, DDBJ accession number LC202037

Fig. 3-1-3A 2 1 -a 

-b 2
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Brassica rapa  (ABY89687) 97 Arabidopsis  

(AAF73253) 90 Fig. 3-1-3B  

DNA 2 -a

-b 3039bp 3017bp DDBJ 

accession numbers LC202034 LC202036) 2 3

1 Fig. 

3-1-7A  

 

RsMYB  

 750bp RsMYB

Fig. 3-1-4A RsMYB Arabidopsis thaliana 

PAP2 (OAP17920) 92 Brassica oleraca MYB2 (ADP76650) 89 Malus 

domestica MYB10 (ABB84753) 83 Fig. 3-1-4B  

 

 

RT-PCR RsCHS RsF3H RsDFR

RsANS

521

RsDFR RsANS

Fig.3-1-5

PCR

Fig.3-1-6A

RsMYB

Fig.3-1-6B  
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DNA  

PCR P3 P4 1kbp

P1 P2 500bp

500bp 5kbp 521 800bp 5kbp

Fig. 3-1-7B P1 P2

Poly T IV Gypsy/Ty-3

II

521 II

LTR III

Fig. 3-1-7C  
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Fig. 3-1-2. 

errors. 
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Table 3-1-2. Anthocyanidin in the skin and flesh of purple, red, and white 

radishes. 
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Fig. 3-1-3. Isolation of   
-a and -b mRNA sequences from the start codon to stop codon. The 

symbol M and asterisk indicate the start and stop codon, respectively. A black box 
indicates different sequences in -a and -b sequences, respectively. 
Close triangles indicate insertion of retrotransposon and its long terminal region, 
and open triangles indicate insertion of a poly (T)22 sequence. Horizontal and 
vertical arrows indicate the primer region for expression analysis and intron 
regions, respectively. B: Multiple sequence alignment of Arabidopsis 
(NP_196416), Brassica rapa 

-a and -b. Black line boxes are P450 motif PPGPNPWP, 
AGTDTS, FGAGRRICAG, and E-R-R triad residues, and black dashed-line boxes 

-specific motifs VVVAAS, GGEK, and VDVKG, respectively. 
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Fig. 3-1-4. Isolation of RsMYB  
sequences from the start codon to stop codon. The symbol M and asterisk 
indicate the amino acid and stop codon, respectively. B: Multiple sequence 
alignment of Arabidopsis PAP2 (OAP17920), Malus domestica MYB10 
(ABB84753), Brassica oleracea MYB2 (ADP76650) and the deduced amino 
acid sequences for RsMYB. Horizontal arrows indicate specific residues that 
contribute to a motif implicated in bHLH co-factor interaction in Arabidopsis. 
Black line boxes are motif ANVD  in the R2R3 domain for dicot 
anthocyanin-promoting MYBs, and black dashed-line boxes are the 
C-terminal-conserved motif KPRPR[S/T]F for Arabidopsis 
anthocyanin-promoting MYBs.
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RsCHS 

RsF3H 

RsDFR 

RsANS 

ACTIN 

RsF3'H 

S F S F S F S F S F 

KA CAK BK SU TS 

Fig. 3-1-5. Expression analysis of the anthocyanin biosynthesis genes using semi 
qRT-  
aomaru 

 ). Root skin (S) and flesh (F). Radish ACTIN was used 
as an internal control. 
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A 

B 

 

RsMYB 

Fig. 3-1-6. Expression analysis of the  gene (A) and RsMYB 
gene (B) using RT-qPCR in skin and flesh of the purple root radish 

  aomaru 

 
control. The data represent the mean and standard errors obtained 
from three technical replicates.  
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Fig. 3-1-7. Genomic structures of  genes in radishes. A: Genomic structure of 
 - -E4 indicate exons and first 

exon-fourth exon, respectively, and lines among exons indicate introns. Numbers of 
closed boxes (upper) and lines (lower) indicate length of exons and introns, 
respectively. Horizontal arrows indicate the primer region and direction for PCR 
analysis, respectively. B: Amplified PCR products of two primer sets (P1+P2; amplify 

 
 aomaru 

 
exon of    

 aomaru  LTR: long 
terminal repeats, Gypsy-Ty3: a retrotransposon of gypsy-Ty3, Poly (T): Poly (T)22 
sequence. 
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1
1

Poly T 521
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Momose et al., 2013 1

 
 RT-PCR
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F3H
DFR ANS PCR

RsMYB

DFR ANS Park 
et al., 2011

Koes et al., 2005 R2R3-MYB RsMYB1
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