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N " ) [P Cyanidin Malvidin Peonidin Delpinidin Pelagonidin Total anthocyanidin
° ampre el (ma/q) (ma/g) (mg/g) (ma/g) (ma/q) (ma/q)
RCC3 )
1 (RED) How71235 0.1136 0.11 N.D. N.D. N.D. 0.220
RCC9 )
2 (RED) How713s 0.9658 0.37 N.D. N.D. N.D. 1.335
KN5047
3 (RED) Hizuwrre 0.7367 0.26 N.D. N.D. N.D. 0.995
KN75016
4 (RED) 65050 0.7708 0.30 N.D. N.D. N.D. 1.073
KN75025
5 (RED) 65109 0.7647 0.27 N.D. N.D. N.D. 1.039
KN75026 B}
6 (RED) How7lh5 1.4596 0.59 N.D. N.D. N.D. 2.047
KN75027
7 (RED) 65108 0.7359 0.30 N.D. N.D. N.D. 1.032
KN75035
8 (RED) 65067 0.8424 0.38 N.D. N.D. N.D. 1.222
RCC65
9 (RED) RCC65 1.2776 0.50 N.D. N.D. N.D. 1.778
KN65066
10 (RED) 65066 0.3597 0.14 N.D. N.D. N.D. 0.499
KN75038
11 (RED) 65068 0.3959 0.15 N.D. N.D. N.D. 0.549
H57I=
12 . Hx=712H" N.D N.D. N.D. N.D N.D. 0.000
SGEAolHO] i AdE FF dEAo AEEAS o Ay of #e9t
B9 Asbe GSP 197 A72A7 Aue Aswies, Asudss R Asugi
A A AdE FFoE 2017d FE 55 deuhse 2xhd% 20184 FE
RCCE57F QFEAIQE §hego] =7 Uey 5 7sd FTo8 FTAFE 7198 Jo=
L=
Cyanidin Malvidin Peonidin Delpinidin Pelagonidin Total anthocyanidin
No Sample 5
(mg/9) (mg/9) (mg/9) (mg/9) (mg/9) (mg/9)
1 | RCC3 (RED) HE@Lz 0.1136 0.11 N.D. N.D. N.D. 0.220
2 | RCC9 (RED) A3z 0.9658 0.37 N.D. N.D. N.D. 1.335
3 K(h;E)EODL‘; Hs¥dE 0.7367 0.26 N.D. N.D. N.D. 0.995
4 KN75026 HsEas= 1.4596 0.59 N.D. N.D. N.D. 2.047
(RED)
RCC65
5 RCC65 1.2776 0.50 N.D N.D. N.D. 1.778
(RED)
L AAA ek R AEE NS A AE 2 2 A A
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(1). SHEAlRY 3 3h Wl A 54

12PAEol - Au 7 7he gk StEAJobd a1 $h vhEd] F5E A4S 8 7] Al A 2
AE & A2 T 50-60Y A3 =875 A 604F, AE(E)7F glom okl 54 9 £
W7h Ao guke] 43tk 62715, 228 g A3k 40415 2 AF Aurr 7hs s v
1004155 ¥stste] Z At & 3287153 MSAlE 204152 A8k 20173 892~ o= 1
9 25¢Y T35 29 169 AAsH L =X AHoRE T AlFS 20179 3€14Y 95 ¥ 4¥€6Y
AAsto] Algst A3 o2 A 49 S, =AAHEE 69 Aol ook Zo] vk o] A
A g AEAdo]l 43 457 VA 2 AlES AEElon FAAY R E 9% MS AT SAS
A3l 204l 5S TAISH 2541 FS Ast

19 =(2017) viFAUE ASSAERR)

ASEH AHEAESS A A S5 "]l

AR FL 18 25
=Y A TF2 91 205 ZRA| AR
F3A & 81 125 WA AT
FAA S 60 70 WA 2 A
F5A& 38 20 7RA 2 AlsdY
F6A & 40 12 Asde
MSAHE&4 20 25 BC1-BC6AIT]

Al 348 482

120 =(2017) HiFAL7HA, AS5A

v X|&}A

T 7SR wE EFSNEE A& 4 AldiE Als b

= & 3E el A
84 6l F 3547153 MSAS 30Ale S FFstal 991 At v xF
B ]

(¢}

A AEAuE AN gz B 501 Ad R AFS Adste] AF FA L 4L A4
EE &7 Ao] 2N AFWHE FAFNL vk
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123 %(2017) 8l Al ASSACISAA)

ASERF AHAAE S ALAFOHA) 2 8]
AAAPIF1 27 21
2o HF2 155 201 WA
F37AE 115 153 ZRAIA
FAA S 75 63 WAl B AlSAE
F5AE 62 47 WAL 5 AlSAE
F6A & 13 16 A=At
MSA|&="3 30 23 BC1-BC6ATH
CRA 73 161 67 A2 vt ok
%l 545 591

139 =(2017) 712 AE 2 F1xA
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<E. A% 123 B33 AP AA>
No | FHE L =B Lug | no | FRE | E¥ L ug | no | mMws | HE | we | No | zMWs | weEs | ws
1 75013 3 S 42 | 75542 3.3 S 83 75855 0.7 R 124 75925 3.7 S
2 | 75020 | 0.9 R 43 | 75543 4 S 84 75857 3.9 S 125 75926 0.7 R
3 | 75021 | 0.4 R 44 | 75697 1.2 MR 85 75858 0 R 126 75927 3.6 S
4 | 75025 0 R 45 | 75698 0.7 R 86 75863 3.6 S 127 75928 0 R
5 | 75026 | 3.6 S 46 | 75699 0.8 R 87 75866 3.3 S 128 75929 0 R
6 | 75027 | 2.9 S 47 | 75700 0.8 R 88 75867 2.7 S 129 75930 0.2 R
7 | 75035 0 R 48 | 75701 4 S 89 75869 4 S 130 75931 2.9 S
8 | 75036 | 3.9 S 49 | 75702 3.9 S 90 75871 3.1 S 131 75932 0.3 R
9 | 75039 0 R 50 | 75721 4 S 91 75872 3.8 S 132 75935 0 R
10 | 75040 | 3.9 S 51 | 75723 4 S 92 75873 3.7 S 133 75936 0 R
11 | 75050 4 S 52 | 75726 4 S 93 75874 4 S 134 75937 0 R
12 | 75051 4 S 53 | 75727 2.9 S 94 75875 3.9 S 135 75938 0 R
13 | 75052 4 S 54 | 75729 0 R 95 75876 3.8 S 136 75939 4 S
14 | 75053 0 R 55 | 75738 3.6 S 96 75877 3.4 S 137 75940 4 S
15 | 75054 4 S 56 | 75766 2.9 S 97 75879 3.2 S 138 75941 4 S
16 | 75055 4 S 57 | 75778 0 R 98 75884 4 S 139 75942 3.6 S
17 | 75056 4 S 58 | 75780 3.1 S 99 75885 4 S 140 75943 4 S
18 | 75057 4 S 59 | 75781 2 MR | 100 75887 3.9 S 141 75944 4 S
19 | 75058 4 S 60 | 75782 3.4 S 101 75888 4 S 142 75945 3.6 S
20 | 75059 4 S 61 | 75783 3.9 S 102 75889 4 S 143 75245 0 R
21 | 75060 | 0.4 R 62 | 75785 3.6 S 103 75890 0 R 144 75246 3.9 S
22 | 75061 0 R 63 | 75786 3.9 S 104 75891 0 R 145 75247 3.8 S
23 | 75062 4 S 64 | 75787 4 S 105 75893 0 R 146 75248 3.4 S
24 | 75063 0 R 65 | 75789 3.9 S 106 75894 0 R 147 75250 4 S
25 | 75064 4 S 66 | 75790 3.9 S 107 75895 4 S 148 75251 4 S
26 | 75065 0 R 67 | 75799 2.6 S 108 75896 4 S 149 75252 0 R
27 | 75066 0 R 68 | 75800 0 R 109 75897 4 S 150 75253 0 R
28 | 75067 0 R 69 | 75801 2.7 S 110 75898 0 R 151 75254 4 S
29 | 76307 | 0.1 R 70 | 75802 2.1 S 111 75899 4 S 152 75255 3.9 S
30 | 76308 4 S 71 | 75803 2 MR | 112 75900 0 R 153 75256 3.6 S
31 | 75530 0 R 72 | 75805 3.1 S 113 75901 0 R 154 75257 4 S
32 | 75531 0 R 73 | 75806 1.2 MR | 114 75902 4 S 155 75258 3.5 S
33 | 75532 | 3.4 S 74 | 75807 3.4 S 115 75903 3.8 S 156 75299 0 R
34 | 75533 4 S 75 | 75809 0 R 116 75915 3.9 S 157 75300 0 R
35 | 75534 0 R 76 | 75848 4 S 117 75916 0 R 158 75303 0 R
36 | 75536 | 3.9 S 77 | 75849 0 R 118 75918 1 R 159 75304 0 R
37 | 75537 | 3.5 S 78 | 75850 0 R 119 75920 1.5 MR | 160 75319 0 R
38 | 75538 | 3.8 S 79 | 75851 0.4 R 120 75921 3.9 S 161 75320 0 R
39 | 75539 | 0.8 R 80 | 75852 0.1 R 121 75922 2.5 S
40 | 75540 0 R 81 | 75853 3 S 122 75923 0.4 R A et 61
41 | 75541 0 R 82 | 75854 1.1 MR | 123 75924 0 R EEXetM:6

22Pd = (2018)0ll ' 1A A 9t ASd AR 1A e A S5 AlsS TAISH & A4
oAM= & A7t 7hsd tEAlobd A W £ A4S fla 7] AddE JiA 2 A T
44 5 50-60d A5l &b 28 T3AE, AAR(E)7E 1o obAte S g Sl A
al ekgko] Zhgh 5474]E Zadgd myol A3 80AE % AT Aurt 7he e b 704
= EFste] 4 At & 62671% % MSAE 304155 &Alete] 2018 a2 Ao ® 14¢ 23
E% 249 1569 B =4 AHoR 22 AFS 20189 3€19¢Y 7 F 4€109 A2 st



o Algst A3 3F9-2 22 49 28, =4 A-AH 2 69 1999 oo} o] vt o]H A A
D FFEAe] 55 460 MA 2 AlFS At on F3AY RS E 913 MS ASS4dES ¢
3041 8-S FAI5HY] 134155 AEsdtt
2XE=(2018) wiFAUE AFSAA(ERR)
AsES AHEAES MaAE S ]
PSS ESEIEH 10 13
B RIFD 125 155 A AT
F3A& 190 115 7R A g
F4A & 123 74 WA Y AT
FhA & 88 66 A & Al
F6A = 60 24 AsAd
MSAES4 30 13 BC1-BC6AITH
Al 626 460

2 E(2018) HEALIA], ASSA]

JEEN £ A2

E3F bS8 v E FSES SlE 2 AldE AlE TS A okl Hell Ak o] 20184
8¢ 54dol & 6164153 MSAE 157155 3&sta 9¥3Y AAsta w3 F+ dTUHl
3l AlAAE AAlSaL 119z §F Fxo] 78S A 2 AsS Adste] Al A
A 545 del TES &7 Aol LA dE F 20199 o] Bl JdTuHE 3%

22hd =(2018) ¥ F AdiE ASSHCHERA)
Aew& AAAES & (NA)4 ¥

AR|RHIF L 17 14

e A2 105 115 A

F375 215 181 TR

FAA & 171 150 A R ASAE

F5A1& 60 46 A R AT

F67& 33 25 A = Aut

MSA & -S4 15 15 BC1-BC6AIt]
711 616 546
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221 £(2018) 7HE AS ¥ FIXRHE

< 93 7] A
(&7t glom o}
|'s 2 AF Afn)
0 5} Z T A 3] 20199
-2 Anew 249 8d 9FF 39 7Y AAEE =4 AHoE 22 ATE 20199 34918
d IF F 49 8Y A Agst Ay} g2 AHS 59 13Y, =X AH2 6¢ 549 o
o} o] wkat] ojHA A W AEAo] -3 568 A E AlFS Ao n fHAY B
TE 93 MS AlTSAS Y3 134152 38 20452 Awsd).
3AE=(2019) wiFANE ASSAAERR)
ASES AHAA S MEA S "]
ARAAIF] 13 15
e A2 155 125 A
F3A & 115 175 WA
F4A & 74 160 ZAA 2 Al
FoA & 66 58 WA Y A
F6A & 24 35 AsAg
MSHA E2-2 13 20 BC1-BC6AITY
Al 460 588

5}o A XA = XA
T 7HEE viF SRS f8 A Ao AT e A obd Eel A9k o] 20194
89 9l F 654718 MSAE 3HAlES FFstar 8€299 AA st wix ZF ARl
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o3 AlFAME HAASt 119 6Ll ofefe} o] A T AFEAJo] 543 563 /A 2 AlE
S AEdstd o FAAY BREE 9% MS AES5A4S 93 BAES FAS 2415S A
Stk TS 7S AAAT 53 AEow AuE AEL 202040 Eo WA AHS o
gt A ot}
3AdE(2019) WF Add ASSACIEAR)
ASES AHEAAES AUASCIAD) S "]l
ARAAIF] 16 13
e A2 103 120 WA
F3A& 235 165 JRAI A
F4A & 160 170 7HAl Y AlE A
F5A & 85 48 Al & Al S
F6A & 55 45 A
MSAES4 35 22 BC1-BC6ATH
Al 689 583

32 =(2019) 71S AS ¥ FIXE

AZPA E(2020) ol = Eaju) 7} 7S 3 obE Aol

al
of 7] Axtsl A R AT T AA F 50-60d A5l 27T

P 2020 3¥€18
o It T 49 9¢ A st Agst 2y 32 AH 2 5Y 1449, =X AH 2 6911 of g}
Zro] whETh oAl A A " AbEAo]l Q=3 466 A E AES Ao Y REE
93 MS ATS5HS Y3l 55A15S T8t 45415 Adsint
AR A =(2020) MiFANE ASSAAERR)
ASEF AEBASS AUA S 5]
2 APRF] 5 10
e A2 55 132 AT
F3A & 50 127 WA
F4A & 40 63 WA 2 A
FoAE 31 50 WA 2 A
F6A & 30 39 AsAgr
MSH E24 55 45 BC1-BCBATY
Al 266 466
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473 E(2020) B A5 9 FIxH

TS \\

AR
EE hes WF FEALS 98 4 A A% FS A okd HolAsh o] 2020
8¢9 5l F 583A1EH MSAE 22A4&S IEstal 892
e AR ANE AAsI 119e] A4 L AEHe] 5
A HES A% MS AEFHS A3 2452 s M
20209 84 AFBFATAN NI EY AP 915 E

=
W o2e A AE 2 x3Fow 35 AE 9@ 23S A}

4= 2020) HE Add ASSACIEA)

AeEF A EAE A FCHA) S vl

ESSESYENEN 13 11
B RICHE? 120 115 ZRA A
E3A& 165 170 WA
FAA & 170 152 7HAl 2 AlSdE
F5A & 48 38 A 2 AlSdE
F6A & 45 35 Asde
MSAl-&57d 22 19 BC1-BC6AITH

Al 583 540

A (2020) 71 AE D FIRE 2 FelAA @A

- ‘W W;’" b . i S | W “

213118 mmu-lsu I

oss-o18-7478 Knsso@hanmatnet

| &% wa 847 suB WEA o7 AEEE

1% 20l weiane am Bun

avou o 2w

P

1. 89R% 48 & Ay R
i:. ARE O 2anm BN N8
a

HURR NN 98 dlaee o 8 va

E. SOAE I =30 WaSHT JSEZ0] I3 MEE
= Bt AP == ekis A == Bt A == A | A
1 2.5 S 33 4.0 S 65 2.1 S 97 3.1 S
2 3.1 S 34 4.0 S 66 4.0 S 98 1.7 MR




3 3.1 S 35 40 S 67 05 R 99 17 MR
4 2.9 S 36 2.7 S 68 18 MR 100 1.1 MR
5 16 MR 37 35 S 69 26 S 101 2.0 MR
6 14 MR 38 39 S 70 2.9 S 102 1.9 MR
7 13 MR 39 36 S 71 18 MR 103 25 S
8 3.2 S 40 36 S 72 19 MR 104 1.2 MR
9 24 S 41 0.8 R 73 20 MR 105 17 MR
10 3.1 S 42 37 S 74 3.0 S 106 2.4 S
11 3.2 S 43 2.1 S 75 23 S 107 23 S
12 3.8 S 44 3.1 S 76 3.2 S 108 38 S
13 20 MR 45 40 S 77 2.1 S 109 34 S
14 35 S 46 34 S 78 2.0 MR 110 3.0 S
15 0.2 R 47 16 MR 79 18 MR 111 33 S
16 06 R 48 09 R 80 3.8 S 112 24 S
17 34 S 49 40 S 81 3.9 S 113 24 S
18 33 S 50 40 S 82 3.9 S 114 0.0 R
19 34 S 51 40 S 83 3.8 S 115 32 S
20 3.9 S 52 37 S 84 18 MR 116 1.9 MR
21 3.8 S 53 34 S 85 29 S 117 09 R
22 40 S 54 29 S 86 35 S 118 38 S
23 40 S 55 06 R 87 26 S 119 3.0 S
24 36 S 56 16 MR 88 2.1 S 120 13 MR
25 4.0 S 57 10 R 89 33 S 121 39 S
26 4.0 S 58 40 S 90 35 S 122 37 S
27 13 MR 59 40 S 91 36 S 123 40 S
28 18 MR 60 40 S 92 12 MR 124 36 S
29 3.8 S 61 2.1 S 93 2.0 MR w2y | 39 S
30 33 S 62 40 S 94 14 MR ume 0.0 R
31 35 S 63 39 S 95 34 S A (R):8, THA A
32 40 S 64 39 S % 3.7 S (MR):27

52PA = (2021 )l = F AW 7F 7he sk FEAlo 31 3 WY EF SAS 98 430
of 7] At A 2 A% T AA T 50-60Y Ao F3rtFE 2AA T8A%E, AR(E)7}
2 Yo A wube] B3 31AE, e Adgy e A3 96AE 2 A5
[e) 7 M

of

ot
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471}L=15(2020) FEAGE AFSAHEAR)

A& AEAES A TS H]a

AMAAFL 8 12
IS~ 10 112 ERER
F3A& 132 105 TR AT
FAA & 127 112 ZIA 2 AlsdE
F5A & 63 53 A 2 AlsdE
F6A-& 50 49 Asdd
MSA &4 39 31 BC1-BC6A|T}

Al 429 474

53 &=(2021) ¥ A5 9 FIxHAE

Tl 71S8 wF EENES Y8 2 AdE AE JFS AES o FolA e 2ol 2021 8
4 4o F 4947453 MSAE 224155 vFetal 8¢€27Y AAS wjF X+ ATWH 9
 AldAME AAsta 119 1de 44 9 FEFAdo] 3 7/MA D AlsS F 4524|554
stor FHAAY HIE 3 MS ASSAS d3 24152 FAste] MSAES 24MAE
AwkstAnh ®ESE 2021 Yol st=rslstd Yo BElsH HAAS Hd 1134152 o F 9o
W 7 A Ay 9 Fr A AE 2 2o 5] AE U IS Aasgr)

53 =(2021) #lF AU AFSAHOIEAAH)
A& AHEAE S AUASCIAD S ]

ARPARHAF] 8 11

B RIFD 11 110 WA AT S

F3A & 115 127 WA

F4A & 170 115 WA Y A

FoA & 152 55 A Y Al

F6A = 38 34 AsAd

MSH E224 22 24 BC1-BC6A||t]
71] 516 476
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42Hd £(2020) 7HE As ¥ FIx

E SHAE U TFo RASET JsE5ol e MEA
=5 | B & =5 | B4 R =5 | B+ &g = 7:1 ¥ &

1 4.0 S 31 4.0 S 61 0.0 R 91 1.0 R
2 2.3 S 32 1.8 MR 62 1.6 MR 92 0.2 R
3 2.9 S 33 4.0 S 63 0.2 R 93 0.8 R
4 4.0 S 34 0.7 R 64 2.8 S 94 3.0 S
5 1.2 MR 35 0.7 R 65 4.0 S 95 1.6 MR
6 34 S 36 4.0 S 66 3.6 S 96 0.2 R
7 2.4 37 39 S 67 32 S 97 3.0 S
8 2.0 MR 38 4.0 S 68 25 S 98 1.9 MR
9 2.6 S 39 0.4 R 69 1.5 MR 99 04 R
10 2.0 MR 40 1.8 MR 70 24 S 100 14 MR
11 0.5 R 41 1.5 MR 71 1.2 MR 101 0.0 R
12 0.7 R 42 4.0 S 72 2.0 MR 102 0.0 R
13 0.9 R 43 39 S 73 36 S 103 0.0 R
14 35 S 44 1.5 MR 74 36 S 104 2.7 S
15 3.1 S 45 04 R 75 40 S 105 14 MR
16 0.2 R 46 4.0 S 76 40 S 106 1.8 MR
17 0.0 R 47 4.0 S 77 24 S 107 0.8 R
18 2.1 S 48 4.0 S 78 1.8 MR 108 36 S
19 0.9 R 49 4.0 S 79 32 S 109 0.0 R
20 0.2 R 50 34 S 80 4.0 S 110 0.0 R
21 33 S 51 37 S 81 29 S 111 4.0 S
22 34 S 52 2.7 S 82 34 S 112 0.0 R
23 2.5 S 53 4.0 S 83 4.0 S 113 2.6 S
24 4.0 S 54 0.2 R 84 2.4 S L2 | 40 S
25 4.0 S 55 1.2 MR 85 4.0 S o2 0.0 R
26 2.4 S 56 0.3 R 86 0.0 R CR117 0.0 R
27 2.2 S 57 0.3 R 87 4.0 S HStEZ | 0.0 R
28 0.0 R 58 0.3 R 88 2.1 S e R)32,
29 3.9 S 59 0.0 R 89 4.0 S _
30 4.0 S 60 4.0 S 90 2.0 MR AR (MR):19
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S TAsE 20173 S92~ AH o R 19 259 IFF 29 169
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A 1

s A 20179 =] MEA FAIS F1 32x23 T obF29 =xxk1 A3 KN5065, KN5066,
KN5107 3 KN5108 4%35 A 54 AdtstolA T2 T4 5 20179 =W 7 A4 2 vl= &
A G A AnEAE wpel

ATt
A 2e KNS0659F KN5066+2 223 &3] % 7]7F w21 o7k kg s o] glom A3 dg<
o A3 FFor T AVE T 23 oy TEAE 14KG AEZ FHAd3 FEA] $-3)
2018%1 ol MJL*%}E *ﬁ Fatg E} 3k KN5107% KN5108& 2 Ao sl 7 A7 % 574

go]
oz Agoin H0Hel 07 e FA AARE FA I8 An AL

q
==
ool aser Fut e ME FAEE Bun s
% Z= S
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AZPA E(2020)00 &= 20199 FE M2 Aoz V- S 3
EAE 9 N EES 43402 edad. 1 A nad Ao
£ Ao Agristar seed A= RCC5047°] Aol Zstal FoiAd ol ‘{Véﬂoi s %?‘8}9&
L Jetrin seeds & RCC9 7} & AIE Aol Z; o o]dEALS} 20210 +&& 9% J4
< zlestdoh
473 A E(2020) Betd s A A 24 A& B A1 (Feltrin Seeds Report)
Segment: Meia Estagdo Site: Jaguaritina/Brazil Spacing: 0,30x0,40
Future Uniformity Yield
1 -Drop/ 3 -
: L 1 -low/ 3 -
Variedades Fornecedor Codigo Fornecedor Repeat / 5 - . ) T /ha
Medium / 5 - High
Promote

12CCH00024 Feltrin Couve-Chinesa Atsui - 4 75

18CCH10002 Feltrin Couve Chinesa Macau - 4 36

07CCH00004 Agristar Couve-Chinesa Kinjitsu F1 - 3 74

19CCH10008 Kwonnong  Seed Couve Chinesa RCC 3 i 5 53

19CCH10009 Kwonnong Seed Couve Chinesa RCC 9 5 3 73

19CCH10010 Kwonnong Seed Couve Chinesa RCC 85031 i 3 44

19CCH10011 Kwonnong Seed Couve Chinesa RCC 65 i 4 52

19CCH10012 Kwonnong Seed Couve Chinesa CR Carotine l 4 76
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AGRISTAR do Brasil Ltda TRIAL RESULTS
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Z § w8 |2 e e 5 ] e - 3 - 2
- 2 -~ o v g MO~ - : o Q o "
4 =13l |T | L R 2«12 3 =y = L E
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o| & & -t - " “ - o - v " - -
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g ELE E =R E 3 e |2 (3|EF |2 O[E2 | § ¥ 3
2|EI=|2 |&] = = 8 = |=| 5|2 a & = 8 (3] &
Bl Bl Nl I
ion: AGRISTAR DO BRASIL LTDA T Cbs: ITUPORANGA-SC
4 3 PIR 8SE B 62X035 1 R 83 33,3
P LR IS8 S0X040 R 13 1.4
88 TOX035 W 580 1,1
P JL |88 TEX03S L |Y €0 0, 7
88 64X035 L |Y 20 0, 3
30 » cC 9 [N ENER 85 4 0X0 20X34 J 40X050 R|Y 220 0, S 3
nzs-:nzu‘m RCC_65 4 1413 PIR ﬁ 3 J 80X035 17X30 } 40X060 RIY |2 140 0.0 -3 3 17
TPX-29042/8% 5047 4 4 4 P IR ]85 4 0X040 18X35  40X050 | 8BS R ¥ 2500 |55,2 0,0 S 4 20
7!5-016315!‘1&)&)&0 &5 2 1316 |2 D }S5 3 ] S0X050 30X45 J 40X060 12 L |Y¥ 13600 |74 0,0 [} 4 | KICOXORO 6 18
TES-92099 /KUKAI 65 4 |4 |4 PID _5 4 8!&143 27X45 | 40X060 | 55 L |]Y J4200 |]106,2]0,0 S 4 | KIGOXORO & 20
Foliage Type: (P)Spiny (S)Smooth

Plant Color: (D)Dark Green (G)Green (L)Light Green (R)Red
Head Color: (D)Dark Green (G)Green (L)Light Green (R)Red
Internal Color: (G)Green (W)White (¥)Yellow
(B)Both (S)Summer (W)Winter
lar (3)Good (4)Very Good

Planting Season:
Points: (1)Discard (2)Reg

(5)Excellent

Sabd el = 3xhd =(2019)0 AEl KN8S03E =3 ol A34AE 23 FA

A ARl AAE Aol Tael= 2021d gdiEiA A RS skl dvl Ths Aol FlE o

2022958 55 712 o fFyodA e 202195 -E FES AAEen 20229 = &
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5x} =(2021) KN85031 a9 2348 = ALY

' Red Michiniivarity for fresh market and siced mix salat
¥ Spring and Summer sowings

¥ High ti-burn toesant voriety
¥ 70-75 growing days ater planting

' Long erect plant type

 Nice red e lea coor, greenes outer leaves
| ¥ Open mediumsized heads (1.2 a)
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PPErrade T

+/ Red variety for fresh market, sliced mix salat and storage
ip-burn tolerant variety  High tip-burn tolerant variety
/ €5 - 70 growing days after planting +/ 60 - 65 growing days after planting
/ Long erect plant type +/ Planting mid-May till end of August at temperature >16 °C
er leaf color
d heads (1.2 kg)
 Very good bolting tolerance
/ 60,000 plants per ha

 Erect plant type
+/ Deep purple red outer leaves
 Well closed, medi
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w7 R 2 S2SAIA

2014($) | 20158 (%) | 2016 (%) | 2017¢($) | 2018 A($) | 2019¢($) | 20208d($) | 2021A(S) SAI(S)

44,350 63,450 | 105,600 93,000 | 150,385 | 223,225 | 128,762 | 224,975 | 1,033,747
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RCC65 &&5H

CERTIFICATE ON THE GRANT OF PLANT VARIETY RIGHTS

£ % 2 5: A8531% E 9 ¥ 5: A 2018-459%
GRANT NUMBER No. 8531 APPLICATION NUMBER No. 2018459
L2 4 a: 2018‘4 OQ“Q 202
FILING DATE
5 = a: 2021‘4 O4—§ 239
GRANT DATE 231041202

AE9) Quy 2 Yy wF
COMMON NAME & BOTANICAL Br r.) Hane
NAME OF THE PLANT UGB i unp peioaces e it
A BAAGS
RCC85

F % 9 H
DENOMINATION

EFFT R A ESYT 0 20219049239~2041904 9229

PROTECTION PERIOD 23/04/2021 ~ 2210412041
FEFE 5 A A FAPAMAAEFEF)
“TITLE HOLDER Kwon-nong Seeds Co., Lid.

% i 2 B o)FA, 719d

BREEDER Kwon, Oh Ha, LEE, JONG CHUL, KI, WOO YEAL

A FF2 "HABANEFRIY, Ab4zo]| wE EFES
54U TSNS S ‘?‘8 Y 5]-

Th ety is to t!fy pl nt v zyp otectio
ordin ng to Pla i Ve Toty Protoction Act.

right is registered
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CERTIFICATE ON THE GRANT OF PLANT VARIETY RIGHTS

FF 2 o5 A8663E 2 9 9 3 A2019-493%
GRANT NUMBER No. 8663 APPLICATION NUMBER No. 2019-493
& 9 9d: 20199109 169
FILING DATE 16/10/2019
5 8 9: 20214079 059
GRANT DATE 05/07/2021

A5 Ay 2 g owF
‘COMMON NAME & BOTANICAL Brassica rapa subsp. pekinensis (Lour.) Hanelt
NAME OF THE PLANT
FE 9 9 3 N3
DENOMINATION RCC31

FE8 5 R E4I0

PROTECTION PERIOD
FF M 3z 3
TITLE HOLDER

P

BREEDER

5

ZA

2

2021'407-4059 ~2041:907 4044
05/07/2021 ~ 04/07/2041

FUINEYL A FE (F)

Kwon-nong Seeds Co., Ltd.

A3}, 7194, 0|34

Kwon, Oh Ha, KI, WOO YEAL, LEE, JONG CHUL

9 FFe "ABNEFEIY, Abizo] wE FFEIE
F5YF F5ENSE FEHT

This variety is to certify that plant variety protection right is registered
according to Plant Variety Protection Act.

20214 0749 059
05/07/2021

293549

THE COMMISSIONER OF THE KOREA SEED & V)
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<19 3.

(2) Genotype by sequencingg 93 golB 2 g X—Vq

O Genotype by sequencing (GBS) W o=z FAAAEE 2Rt 20070 A Foll A A
ale] & 9671 AE 2 GBS golBE g S A 2eo] ‘”‘71/‘1 e TSt AT ol
B Xﬂ’%hjr;ﬁt a9 49 2o 7 ARl 97 ES 43l 9+ adaptorE annealing
stal, ApeKl Aga A= AlsS ddd $ adaptorg ligations 3t &3t ol A%
£ pooling 3o A3 3 multiplex PCRS 3to] AAsG AlES Astaiz Aot
st s W, AHP=AE oprtR 2~ Ao A7|dE ko] FlsA

Adaptor annealing Digest DNA with RE Adaptor ligation
» =X B =
~ \
- C——
Estimated Time (2A] 2} 3042) Estimated Time (OfN) Estimated Time (3A] 2} 1088)
+Reactiontime : 14| £} 308 - Reactiontime : O/N - Reactiontime : 3A| 2} 30
- Hand-on : 1A| 2t - Hand-an : 401 - Hand-on : 4o
Pooling and
DNA purification Muﬂiplex PCR Agarose running
Estimated Time (2A|ZH Estimated Time (14| 2} goi®) Estimated Time (458)
- Reactiontime -Reactiontime : 1A 2} 208 - Reactiontime : 25
- Hand-on: 1A| 7} - Hand-on : 3018 -Hand-on: zo&

<9 4. golBy e A >

O GBS #telufzle] 971Md w4 el gholreje] e qualityel wished Agd& 2As)
Ath GBSE WWOoR A WA A n2A xS SNP vhA & Adstaak gho
=A, el B M: Aol Al om Fojx] £¥xste ATEL HAE FEI doa
I, o5 we] Hojdeom FZHAJEAS FUstu Sk optRs A A7|9E
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A¥7F 150~500bpol Al 2w (partial digestion)o] @o] X491, 200~ 250bpol A
FE7F = UEhES 2 S g PCR AHES A A (purification) 3 ol 3ol
primer dimer o] & AAHNAEE & & F AL, ©]FIA Lane 6, 78 GBS
olnHE ArIMd EAE7 98 A

Agel sty 5 19 6).

=
==

I 1L

<a¥ 5. Foludels] AAF AT F>

<Y 6. golBelg e drg B4 A

t

A AR Ag>

(3) Genotype by sequencing WH o2 olHEHg e FE7144E oy AAt

O Illumina HiSeq 2500 paired-end read & z}olB &g 24 2 G714 ES HolHE Ak
SFATHGEE 1

O GBS sequencing H°|E & °o]F F4& F335}7]o] LAl barcode sequences ©]-8-3}4]
AZHEZ MES B85t demultiplexing #4233t} Barcode sequenceE ©]-&
3t demultiplexing #4S AAH A AMEE raw data i barcode % adapter
sequences A 7138Fal, sequence quality trimmingS 33t tE. Adapter trimming-<
cutadapt (version 1.8.3) Z 2135 A}E3}l3l, sequence quality trimming< SolexaQA
(v.1.13) package ¢] Dynamic Trim¥ LengthSort 3= 13 SAFE-3% T Dynamic
Trim< phred scoreo] W&} short read®] %% 9] bad quality baseE Z#tuja =
9] cleaned read® AAst= FAHS T35 S, LengthSorti= Dynamic TrimelA Y
T @& base’tl ¥ readE A A= FAHS 33 tE Dynamic Trim®] phred score
>20<, Length Sort ¥} short read length >25bp A}-&3}90t}. barcode® & A 4H3H
row data reads®] &< HF o2 6,387,1207HH 2™, % row data reads® > Hirow
645,099,11670 A t}. Trimming ©]% H12 5361,790 ©] o™ Ht reads length™ 78bp
Gk AAEE row HlolE A trimmimg § Hit 84.08%% A7|AE HolHE ggxE
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PN
T

<& 1oFelBEEe] driMd w4 Ad>

AN

th 3 22 AA delE Fol

[ =]
]_l‘

Sequencing  No. of No. of No. of read Total No. of demultiplexed
file Barcode  samples 0. Of Teads length(bp) reads (%)
Sample_1 312,802,059 31,593,007,959
96 94 600,389,276 (95.97%)
Sample_21 312,802,059 31,593,007,959
Total 625,604,118 63,186,015,918
<3 2. Demultiplexing S &3 A= ¥ trimmed data & A %>
BarCode Sample Sum of trimmed reads . Total length of AAVg' length of Trimmed/Raw (%)
name trimmed reads (bp) trimmed reads (bp)
CGAT AG-01 3,318,432 304,178,632 79.66 84.27%
GTAA AG-02 4,535,428 360,870,573 79.57 84.48%
AGGC AG-03 3,917,312 309,072,394 78.90 85.39%
GATC AG-04 4,907,012 388,448,279 79.16 84.67%
TCAC AG-05 4,353,164 344,071,216 79.04 83.61%
TGCGA AG-06 2,948,924 231,705,358 78.57 84.33%
CGCTT AG-08 3,412,210 267,712,253 78.46 83.30%
TCACC AG-09 6,097,706 480,621,495 78.82 83.19%
CTAGC AG-10 4,503,724 355,172,035 78.86 83.78%
ACAAA AG-12 5,283,358 420,742,790 79.64 85.02%
TTCTC AG-13 5,875,944 458,462,534 78.02 82.27%
AGCCC AG-16 3,213,218 251,608,929 78.30 84.11%
GTATT AG-17 4,575,942 360,717,265 78.83 84.34%
CTGTA AG-18 2,042,182 159,815,560 78.26 83.30%
ACCGT AG-19 4,481,706 354,314,775 79.06 83.87%
GCTTA AG-20 2,483,384 195,589,363 78.76 83.46%
GGTGT AG-23 4,843,216 383,180,740 79.12 84.91%
AGGAT AG-24 3,892,550 307,891,390 79.10 86.23%
ATTGA AG-25 2,163,188 169,406,584 78.31 84.87%

(4) E=FAA

JRE 7|Nte g Aid dHol

SNP matrix 24

O Demultiplexing¥} sequence
BWA Z 23388 Algsle] EFF44 AX| Alingment 3] mappingS 43 831t}
Y AAZ7Fe] raw SNP (In/Del)< detections}”] €3t

oel &

Mapping =

O ¥+FdAHHE Brassica Databaseol A Brassica rapa L.(version 2.1)& AF&3t3th
(http://brassicadb.org/brad/datasets/pub/Genomes/Brassica_rapa/V2.0/V2.1/).
rapa®] 2011\ draft genome information®] X% AL o] 1070¢] G HEZE =

T 9719 AHE= o 280Mb fed, Bk o]y Z(Mol. Plant. 2016) 574 =

37 2% O
T

A e} AlEA
M3 o Z A BAM format?]

}

0|

p A

quality trimming< %3] &R¥ 7zt A

3z
=

g fHA A A4s I

A, N Rge Aol BT,

AA 271 39IMbR 7] S48 AuE AHESATHE 3),

_87_
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O

E ¥FFA A mappingste] A4 ¥ BAM formate] 3¢S SAMtools
23S AFE38le] raw SNP (In/Del)S detectiond}al, consensus sequences %= of
o §AA A= 2SS 93 SNP matrixs ZAstaAl, B4 72l SNP H] ali 4
Fhst7] &) AMET Y SNPE AT 2 &S EoFAAe vluste] AL
raw SNP positione $H=Z3to] T g 2EE FF8ta, o, WY (non-SNP
loci)2 A1 E 2] consensus sequenceil?—lﬂ QY Eefilling 34 S AA matrixs 24 5}

Atk o] AMZ7re] SNP WA E Fdllmis-calling® SNP (In/Del) #& ZEsS final
SNP matrixE 2H4d 3t o} ‘GH%}JJr% 7IRke 2 SNP (In/DeDe &% 7ol wet &
Fottt

Clean reads

o %@ lLl
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it Chromosome No. of Gene No. of Transcript DS
length(bp) gene length(bp)  transcript lengthibp) length(bp)
Chr01 33,885,992 4823 9,244,868 4823 5,402,154 5402,154
Chr02 30435970 455 8613204 455 4,825,644 4,825,644
Chr03 36,455,009 6,610 12521,854 6,610 7,289,637 7,289,637
Chr04 23467635 3340 6,173,158 3340 3,556,296 3,556,296
Chr05 36,115,060 4484 8,651,992 4484 5,032,695 5,032,695
Chr06 39,861,403 5021 9,849,407 5021 5712189 5,712,189

Chr07 29,764 480 4437 8,695,576 4437 4986,300 4,986,300
Chr08 27,726,665 4029 7,684,816 4029 4374252 4374252
Chr09 54,546,898 7034 13302316 7,034 7682217 7682217
Chr10 18,561,454 3183 6,485,267 3183 3,832,050 3,832,050
scaffold 60,589,890 1309 1927210 1309 1012452 1012452
Total 391410456 46826 93149728 48,626 53,705,886 53,705,886

O Trimming #4385 AA FEH SNPsE Z=FdA 9 mapping 34 tF ZF barcode® &

XA Ao mapped region®] G AAIE 45080FFAAAFH BAE 9325650l <
Ao WA A|FEo A HiFE 68451 FES w7|sta UATh °lE 91X (mapped
region)°| 4] read depth®l 74+ A A= 12587258 A= 57.99%2 4.68]74] =}Fo] 7}F
ARy, A Hs& HW 2787 2 HE GBSolA AMEEE 20 Brp i3] @kt
Al & mapped region®] AA Aol Ht-2 10,905,000 bp 1om HirAol= 159p
o}

of S BESEAS Helsy] sla delw A

GBS®E AALE readEo] =72 A 2l
= = SNPe9] /N4E 3ol

28 H4ste] SNPe RE%
staL, wjas] ®teh(d 7).

EE o of mapped regions —le— Avg. Depth of mapped regions

P : . A

No. of mapped regions
Avg. Depth of mapped regions

ﬁhﬁﬁﬁﬁﬁmﬁmmw

Pasition (0.5Mb) on Red cabbage chromosome 1 to 10
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<™ 7 BFERFAA 7IEo® 05Mbe] AEd SNPse] wEE>

O Zt AZE9] raw SNPE o] &3t 947] A=7F2] union SNP matrixs 243513, 2 H 7|
=5 =33 SNPE<S ‘homozygous/heterozygous/Ete.” 8 o2 FEFATE 3o A
LR SNPS 9071 JelA EAF55 glate #AS Fall 107,195709] union
SNP matrixE x5}

O Genetic map A4S 98] 2E4le] o] & 7hsg F9 SNP Ausddt AW 7|Ee
read depth, biallelic, ¥ 2] ¥ ¥, minor allele frequency, missing datas & stHth. 2
107,19570 2] union SNP matrixol Al #H 4 read depth’} 3¢]42] SNPwWHE iAo =
10,315 SNPs& A ¥3}$d 3, missing rate©] 30% ©]sld SNPs&= 9,263 7§t} minor
allele frequency(MAF)7} 20% ©o]AF¢l 8852 SNPsE AMwatlom o] Fo|x 1,789
SNPsE FHAAE 2o AFESEATHEE 4). 10719 A A A 1,789 SNPse] 3+
a9 8% Zh

<} 4 FAAAE ZFFS Y5 SNP Ai>

oE coHy LE &= WIS 947] AZ 2| SNP matrix loci
1 Total SNP loci 107,195
2 SNP genotyping (min. depth = 3) 10,315
3 Missing rate < 30% 9,263
4 MAF > 20% 8852
5 Linkage map Z8 SNP marker 1,789
L
e p -
F4
@
o
d
F4

i Bkl

Position (0.5Mb) on Red cabbage chromosome 1 to 10

<19 8. 92 AlFolA 1,789 SNPso| & x>

(5) B Mk B F2 P2 o3t FARAE 4
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O #HZF AdE 1,789 SNPs& o= JoinMap4d 0 XZ 2138 AFE3lo] genetic linkage
map< 23T mapping algorithm= regression mapping WHS ARSI AL
Kosambi methodsE A}F83}$t}. recombination fraction 0.45, map LOD value= 0.05

o 21% Agaart

O % 1556 SNPs ©] 10709 #2858 AU A07TL 657) SNPse 2 7F4 22 n}
AFZ FAE Ao ATt Zolk 75202 cMe g2 74 #ekt 7hd 2 A
2 TAE APBITES A06H L, 154548 cMol o}t 1987] WA R FAE A03 ATt
o] FHAAE o]z 162087 cMo.2 7H4 Atk & 15567 ntA7 A" FA4)
Aol Aol 1249119 cMo 2 wpAzre] Fi#Ag = 0.8cM ©o|Ath (& 5, 19 9).

Chr. # Mo. of SNP marker Genetic distance (cM)
AD1 146 122,123
AD2 176 130.039
AD3 198 162.087
AD4 172 105457
ADS 180 116496
AlG 202 154.548
AO7 65 75.202
A0S 144 114252
AT 183 129.805
Al0 90 139.11
Total 1,556 1249119

<% 5 FAAAZ FA Qo>

<a" 9. FAAAE>
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O &3 X—]'khﬂ' Azt AEE 7o s ydol= A Fdd digte] #ost= QTL &4
= T ok QTL #42 A9 dg a3 2379 dAdds ugo=
APHez Yol 2dPol ti volHE T dAoth oo A HaAPAF=
REN FE AL FAS STt Sdor i) ALEE THOE R TR
Ro, ®Hrh At FA4& 9l HPLCE o] €33ttt HPLCE columns ©o] &3] RTS
7lEo 2 77t g Ao R eVl heetEE, ARdA Ao 24 B RS X
AbetaLzl &tk

W] MAE FE QFEAohHOR el k. FEAMIS F2 3 RAdo 9=
A oA AR R Q] F7], HHYQME E F o, FE FIAE} 2 9
F AESA F= B & drh dEAoIIE ZH o] = (flavonoids) Al EAE WA
¢} gto] A& glom AEAME Ho| A7|= SPANLE e FAstE AT glon ¢l
A A AAs Folges Jd3n drfa e A Atk tEAlold & Pelargonidin,

cyanidin, peonidin, delphinidin, petunidin, malvidine] #l Q=] 7} 9lomw F4 o] F Lo
wpel QA A FE Akl gk ek A W ep S (29 10).

Pelargonidin ~~~ Cyanidin Peonidin Delphinidin ~ Pefunidin Malvidin
e — — — e i ——
hitp:/fwww.intechopen.com/source/html/44 143 /media/image 2.

<29 10, SFEAJob >

W el 2205 g F 208 A A|FoA GEAoU S &3 HPLCE w4
stttk 67FA 8@ Al FolA  57FXA], Pelagonidin, cyanidin, peonidin, delpinidin,
malvidin, standard®} EA3FATh 1-1, 1-2, 2-1, 2-2%= W73l AT oz o] Foa 3
o] BA AFRE AL, 3-1, 3-2, 4-1, 425 A AR R o|Fo A RAR A&
. 520 nme] A Feto gz Al Io A= Wk Ao sto] iy-Eol A=
w A ekokt, w7k AN o] w30 A= delpinidin, malvidin® A&E% A &%, pelagonidin,
cyanidin, peonidin®] =4 wjF<= &2 HE2H AT o]FolA 53] cyanidino] €5 3)
A 2ol d5S & & AAHZHE 11, 29 12). DA EQ of 7] F e} wjF3 -z
A AYATE B AN AR A7 dfFEo] cyanidinelZteE AdrE A=,
el A A% cyanidind S & F AT AR = cyanidin S AT ol
A AR oA o]t

e of
w2

N
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Y AR Vs 4/ 2 g

Number | Pelagonidin (mg/g) | Cyanidin (mg/g) | Peonidin (mg/g) | Delpinidin (mg/q)
1-1 02519 54810 0.3275 ND
1-2 ND 55178 0.2703 ND
21 02397 12409 02346 ND
2-2 ND 30481 02288 ND
31 ND 00109 ND ND
3-2 ND 00330 ND ND
41 ND 00156 ND ND
42 ND 00140 ND N.D

<79 11. HPLC #4] 43>

200170811 B52 [madmed b desd 170811 _sampls 4 2 1 v Vs 1 g 170811 #50 {modiied by dasd 170811 _sampls 2 2 1410 VIS 1
N i WVLIS20 nmy T maAl WVLIS20 ney
£25
sl
L1 1
375 ]
40—
s 1
1 |
126 | | ]
1 \ [ S| A | . |
i | | 1 ; . T ¥ 5
106 ; =20 e a0l miny
a0 20 40 &0 50 e 120 150 a0 20 an &0 &0 0.0 120 BT ]
Cyanidin (0.0140 mg/g) Cyanidin (3.0481 mg/g)

* Cyanidin: It is a particular type of anthocyanidin (glycoside version called anthocyanins)

2 (5M) | 2 (R

<21¥ 12. Cyanidin HPLC chromatogram>

(W) AAA(GEANY) Ed dAAE 2 3T 734 AR 3

| ARoA QFEAoIT A #AHA FHAE(ABGs)S XAbstaLar k%
o WA RS of 7ol e ddE ATAARE A FAXALE s of 7]
ol s 402 BausEe] d9dar, ool 2470 FEA oI AFA HRo| o)
= FEFARAD L, 1670 HAFe AH(transcriptional factor) & ZFgdtE 2 AFHAAR S
H 17l QEA]o}d transportation®] ¥#o]d}+= transport 7 A T

o2 EUR #F EFFAANA orthologsE Zazt vlusldch of 71 die] FAAE=
il wjFdl A 17 ol S A Sl ol# e @S v ofrAd fHAAE
[e) 1

= dEes 2AES dE didos YEhue A
of 71 hel F2dA7E wjF=ell M= 3k A o] g AerE vidsHAl o o7 d e &
4170 A2 Soll A 39789 FAAEe] wiFel A g ) o4l F A& homologsE
UEHA, sl dehs & Fd A T3RRAL, 27 siEehe FAATE Il o= AR
3 AR Aot &

® gl EEAAA Ah SEA Yo et 23 U
THGE 6). B. rapa®l GAANA FEAOR AT A FAAEY BE D A4

a9 13 3 2o
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<HE 6. W71 U} wiF FAANA tEA M AFA AH FHAA H5>

B. rapa

A. thaliana Synteny orthologs - -
LF MF1 MF2 - N

Structural genes

Biosynthetic genes In phenylpropanoid pathway

AtPALT (AT2G37040) BrPAL1.T (Bra005221) BrPALY.2 (Bra017210) - -

AtPAL2 (AT3GS53260) BrPAL2.1 (BraDO698S) BrPAL2.2 (Bra039777) BrPAL2.3 (Bra003126) -

AtPAL3 (ATSGO4230) - - BrPAL3.1 (Bra028793) BrPAL3.2 (8ca030322)

AtPAL4 (AT3G10340)
AtC4H (AT2G30490)

At4CL1 (AT1GS1680)

At4CL2 (AT3G21240)

At4CL3 (AT1G6S060)
At4CLS (AT3G21230)
Early biosynthetkc genes
ALCHS (ATSG13930)

AICHI (AT3GSS5120

AtF3H (AT3GS1240)
AtF3'H (ATS5GO7990)
AFLS 1 (ATSGOS640)
ALFSL2 (ATSG6H3S80)
ALFLS3 (ATSGH3S90)
ALFLS4 (ATSG63S95)
ALFLSS (ATSG63600)
ALFLS6 (ATSGA39395)

BrPAL4 (Bra029831)
BrCaH1 (Bra018311)

BraCL2.1 (8r2031262)
BracL2.2 (Ba031263)
BracCL2.3 (Bra031265)
BracCL2.4 (Bea031266)
BraCL3 (Bra004109)

BrCHS ) (Bral08792)

BrCHIT (Bra007142)
BrF3HT (Bea036828)
BrF3'H (Bea009312)
BrFLST (Bra009358)

BrFLS2 (Ba038647)
BrFLS3.1 (Bra038648)

BrCaH2 (Bea021636)"
BrC4H3 (Bra021637)

BrCHS2 (Bra006224)

BrF3H2 (Bra029996)

BrFLS3.2 (Bra029211)
BrFLS3.3 (Bra029212)

BrCaH4 (Bca022802)
BrCaHS (Bra022803)
BracCL1 (Bra030429)

BraCLS. 1 (Bra001819)
BracCLs.2 (Bra001820)

BrCHS3 (Bra023441)

BrCHI2 (Bra003209)
BrF3H3 (Bra012862)

BrFLS4 (Bra037747)

BrCHS4 (Bea036307)
BrCHSS (Bra020688)
BrCHI3 (Bra017728)

Late biosynthetic genes
AtDFR (ATSGA2800) - - BrOFR (Bea027457) -
ALANS (AT4G22880) BrANST (Bra013652) BrANS2 (Bra019350) -
AtUGT7981 (ATS5GS4060) BrUGT7981.1 (BraDD3021) - - BrUGT7981.2 (Bca035004)
AtUGT75C1 (AT4G14090) - - BrUGT75C1 (Bra038445) -
AtUGT78D2 (ATSG17050) - - BrUGT78D2 (Bra023594) -
Regulatory genes (T P factor)

Positive regulators
R2R3-MY8
Independent regulatory genes
AtMYB11 (AT3G62610) - - - -
AtMYB12 (AT2GA7460% BrMYB12.1 (Bra004456) - BrMYB12.2 (Bra000453) -
AtMYBT11 (ATSG49330) BrMYB111.7 (Bra037419) BrMYB111.2 (Bra020547) BrMYB111.3 (Bra036145) -
Regukzion by forming MEBW complex

AtPAPT [AT1GSS650) - - - Bra0mn a1 74
ARPAPZ [AT1GEE 50}

AtMYBT 13 [AT1GES370} Bralid 1825 Brapares E

AMYET 14 (AT1G66330)

hHiLH

AITTS (ATAG09E) BeTT8 [Hra17687) - - -
ANGLY (ATSGA1315) Bl 3 [Brafli5a08) . . -
AEGLY (ATIGELE50) BrEGLIT (Bra0? 7o) BrEGLI.Z (Bradl 7653}

WMo

AITTG T [ATSG 25200 BrTTGY. 1 (BraR? 1) BeTTGE.2 (BraD29an 1)

Hegative regulators

Sngle-Rapeal R MYE

ARMYBL2 (ATIGT1030) BeMYBL2, 1 [Bradifa4d) BrMYBL2.2 (Bral0 7957} . .
AICPC [ATI0AG410) BrCPC T (Real045 3% BrCPC2 (Eral3ues) "
LATERAL ORGAN BOLNDARY OOMAW (LAY

AILBD37 (ATSGE?A20) BriBD37.1 (Brad12164) BriBD37.2 (Brab11833) BriBO37.3 (Bradi7847) -
AILBDIE (AT3049940) BrlBDIE. 1 (Brad3e040) BriB038.2 (Bradl2913) -
AILBDIS (ATAGITS40) BrLBD3S.1 (Brad11772) BriB039.2 (Bra01 2431) - -
Transport genes

ATT19 {(ATSG1 72200

BrTT19.1 [Bra0Das 0y

BrTT19.2 (Bral23602)
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<29 13. B. rapa®] FMACA SFEAob A #E FHAES] BE>

AEATOR AR HHEskE FAATE wiFo A of gl el gobxed], ol
5 TR, 2EFAAE, FEFAAE AR or S7bste] yEsTh fdA
7holaroll W9k paralogs®] Ak dubel 24 yebdS B 5 AT Al 7EA el A
A eE Vlees Y, 2AFAATAA Ftuert @A sold Ae B U
THE 7). o= A2 AR Ao A7IEdet WiETE fAR A= Ao wol
e Zer FAHE FAAEe] 7 A8 golwrldl wiFdA 2dRE Sol#d
Aol e dEFd = A, 2 FAAA 2E FAALAA qTe] o qFD
7bedEs dAlE AT

<37 RPEAOR A Al @ Jh ok v 74 paralogs©] i BoH[E>

Mo. of paralogs with different coples” Ratio of single to P-valus®
0 One Two Theee Tota maitpl coples’

Structifal genes I 1 i 5 H 18 i}

Regulsary genes i 4 ] i I 20 oo

Transpor genes ] i 1 il i g 0412

Tatal i 18 1 7 i) 1419 omre
o5 fAATEL dgoz wWgwFel ARl wHALES RT-PCRZ #lsim 7
ol el Aol L}% %x Ag dwaad @it 3% e mE A

al

ste, aAA 20709 A AH(BrPALL.2, BrPAL2.1, BrPAL3.2, BrC4H1, Br4CL1,

BrdCL2.2, Br4CL3, BrCHS1, BrCHI1, BrF3HI1, BrF3'H, BrFLS1, BrDFR, BrUGT78D2,

BrTTGL.1, BrMYBL2, BrLBD37, BrLBD38, MYB1113, BrLBD39)E th4 o & RT-PCR

ZElolHE TR 3, BrLBD39 Al€d 19715 ez HAde 3 (19

14). BrPAL32E A& 18719 FHatelA Hd S A = AATE BrPAL3.2 A
1]

T 2EA, WA S Bl dEoe] HA] @il AR0aL, BrPAL219] Ag-ols B

>
|
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oA WA Qo] of fFAAE Ai Aold] ol
BrPAL1.2, Br4CL3, BrDFR, BrMYBL2 9] 7 §-of &
W, A ARAAE ZeA BdHT e B
RT-PCR ¥#4& #% A% 282 d4olr)

e ]

BrPAL12

2 BrPAL2.1
3 BrPAL3.2
4 BrC4H1
5 BraCl1
6 BrdCl22
Structural genes 7 e
8 BCHST
9 BrCHI
10 BrF3H1
il BrF3'H

12 BrfLS1
13 BrDFR
14 BrUGT78D2
15 BrTTG1.1

16 BrMYBL2
Regulatory genes 1 BrLBD37

18 BrlBD38
19 MYB113
20 BrlBD38  Not amplified

N — — — —
<a9 14 FEAOR ARG A T N FH4Ae] RT-PCR 23>

(Transcription factor)

(th ¥ed, 873 13F A5 A2 2 ASGFY
Al -

O @o WE av] FEl Aeler Agat AAE Yoy gk Uge FAR
AREE AL Yk whEbd ARER AR Y i F FEUE Ve ® vjFo AR T e
of A3 AlES Atz sk AdAATE HA A A Hel 14 AEdd Alss
oz B44 Wols mste] 23 Ae s Stk 20166 S AMA] %]
(A7 )l AEE AHEete] F 31 AlEolA HEH, F 52 AlEsoA a3 FEFS
AT AT A RS e BA AT S GuRAsd BEAS
AR G pFa. RS FdUstn ARREAAH AUow Fau
(% 8 3% 9)

<X 8.20169W ZhSA AE g HIERRD e AR

No Sample 1D Total average (mg/g) No. | Sample ID Total average (mg/g)
1 CNU_11671 0.35623 17 CNU_11653 0.17721
2 CNU_11666 0.32255 18 CNU_11644 0.16608
3 CNU_11663 0.29007 19 CNU_11654 0.1567
4 CNU_11665 0.26659 20 CNU_11662 0.15515
5 CNU_11648 0.26244 21 CNU_11667 0.15023
6 CNU_11670 0.24215 22 CNU_11668 0.149
7 CNU_11650 0.2194 23 CNU_11645 0.14004
8 CNU_11656 0.21569 24 CNU_11651 0.13429
9 CNU_11661 0.21377 25 Chiifu 0.13157
10 CNU_11660 0.21113 26 CNU_11652 0.1284
11 CNU_11646 0.20863 27 CNU_11649 0.12184
12 CNU_11669 0.20244 28 CNU_11647 0.1201
13 CNU_11655 0.19562 29 CNU_11636 0.11416
14 CNU_11664 0.19058 30 CNU_11637 0.09428
15 CNU_11657 0.18198 31 CNU_11658 0.08686
16 CNU_11659 0.17734
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<E 9. 20169 Zh=Ad AlS dHd e A

No | Glucose Fructose Sucrose | Maltose Total No | Glucose Fructose Sucrose Maltose Total
(mg/mL) (mg/mL)

31 5.71 5.78 1.11 0.00 12.59 57 6.22 6.23 0.60 0.00 13.05
32 4.47 3.83 1.44 0.00 9.74 58 4.15 4.02 0.37 0.00 8.55

33 4.87 3.91 0.49 0.00 9.27 59 4.62 3.92 0.00 0.00 8.54

34 5.73 5.22 0.56 0.00 1152 60 3.64 340 0.28 0.00 7.31

35 4.50 4.55 0.52 0.00 9.57 61 5.08 4.69 0.96 0.00 10.73
36 454 3.65 0.57 0.00 8.76 62 2.74 422 0.40 0.00 7.36

37 5.94 5.76 0.79 0.00 12.49 63 462 4.39 0.39 0.00 9.40

38 4.17 4.45 1.07 0.00 9.69 64 5.46 6.01 0.97 0.00 12.44
39 5.25 5.29 0.91 0.00 11.45 65 5.24 5.37 1.10 0.00 11.71
40 4.90 4.85 0.47 0.00 10.22 66 6.07 5.14 0.00 0.00 11.21
41 471 4.68 0.36 0.00 9.75 67 7.62 6.25 0.46 0.00 14.34
42 4.75 4.63 0.96 0.00 10.34 68 6.90 5.99 1.80 0.00 14.69
43 5.26 4.74 0.00 0.00 10.01 69 8.50 10.73 2.94 0.00 22.16
44 477 3.43 0.35 0.00 8.56 70 9.33 991 2.85 0.00 22.09
45 5.22 5.61 0.87 0.00 11.70 71 8.15 8.44 255 0.00 19.14
46 4.74 4.97 0.74 0.00 10.45 72 10.17 10.15 2.68 0.00 23.00
47 5.94 8.07 0.31 0.00 14.32 73 9.51 11.04 1.29 0.00 21.84
48 4.94 4.08 0.34 0.00 9.37 74 7.41 745 1.16 0.00 16.02
49 6.37 6.06 2.04 0.00 14.48 5 6.89 7.23 0.00 0.00 14.12
50 7.66 6.52 1.80 0.00 15.98 76 5.85 6.69 0.57 0.00 13.11
51 6.34 462 1.07 0.00 12.03 7 4.19 3.26 0.00 0.00 7.44

52 5.08 5.95 1.23 0.00 12.26 78 6.81 6.36 1.44 0.00 14.60
53 9.17 7.96 0.58 0.00 17.71 79 5.66 4.98 0.00 0.00 10.64
54 5.00 412 0.34 0.00 9.46 80 4.11 393 0.25 0.00 8.30

55 3.96 3.42 0.83 0.00 8.20 81 6.11 6.56 0.39 0.00 13.06
56 5.79 7.05 0.77 0.00 13.61 82 6.40 5.66 0.00 0.00 12.06

O Canchimeg & =Wl Wi T fFaf FAA] dFdES vlulste] Ex =], ¥l
Bl Co 7490.09~0.12mg/geFar H sk v g}k, £ A 5= 0.08~0.35mg/gl =2 vl il
S AlEo]l 2gFH Jd5S & 5 ARG 15 AP 22 AFANA =29 Aot
Efutont Au) 344 Wol2 aHT & o] A A s
A st 5ol Ady = AES AEstaza & A3 A A
o2 wHjsle] F1& v F2, F3 fdS ®
T 7P S Al ofU AN, F A AR T dertE AF
sto] F7F= WS A T 2709 sk AlE, A Al
& A4S 98 F1S "FEATHEE 8).

o

O LI AT Fol @ AFTS 1A AW W A 2o F27b olv] glojA] B w3
of F3xdS wEAT. F 20070 AE wujg o 15670 Aol A 508 o] /de] TAE S
SHTHY 15). % WEWC AR e 2AME Ak 28 WY AHnw 156 A%
o AdEe] AY ARE ASE Aol DK AFL AN BuFA A
W g4 7o AT Wi 20179 S AME A8l 2 A%T 1094 89 7Y
of Eshel @A TN AuFolh HF F 90Uol £ o golgort 3 g

g

AlZ7Tell 3ol WIZF @al A TE AeetA @2 dAR ofF ATTb HA @obA 25
gto] AEEAS I8 & dAet (29 16).
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<3y 15, WET >

B CNU_11644
BCNU_11637

O 1etAllM 5" A4 A

7]
X AR 1A AE} W A = SskAE gAR AdgsaTh TR o

S AEAN FAFAE A8 ApAoR WP AdAstgon], ABA FolA
3AMA A=olA FAE FReAY. 2l T L2x G AEAS A AEE £ 9
of &7t
<E 9. AFA WY 55>
#HEME AR 2 E2F wdA WE
1 Y 1CR117, F1 CNU_MS-DH1
2 9 31CR117, F1 CNU_MS-DH2
3 newH 1, F1 CNU_MS-DH3
[2d 2]
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ZF w7 AAA L AlEQ BAWMSTe MAA AE E4

(1) A& &g A Azt gl

O 1xpd o] wWrtnj 3o} =235 HPLCRZ QFEA|old A= A EH &= UVIE(520nm,
560nm, 470nm)% #21sto] & HPLC profiling o= W7 w3 A w37} A A
(QFEAJold)of] 2ol 7} S & 4 ATk 2ahd X o= HPLC profiling 2 2ol 4] 3541
o Foll M= e x| kot M F Solfor v da tief o5 Ao HjEA
Gefoll thal dobr iz} skt

O Alg FEUHL2 70% o&egs Imls 4
FAstE #AH S 33 e AT AES ARSI T Speedvacs ©] &3

4 =

C18 cartidge® cleanings}e] <FE Ao}
2

7

Y& ZA(-80°C)8k 3t aL, ol F &
&3ATHTY 1A).

O w3 284S RRI, RR2E ®718lw, 2593 14< GGR %7185tk 2 A
o HCI (°F 35%) 200 ulL®-& 7bskel ) wists aelaivy. Aoz Wsrt <
RRI, RR2¢t &2 GGE Azt dojur] efith(d 1B). tEAlobde F2 9

)

Horfo £

wol we eAAM BEA wbA @A welas el 540 e, A
RRlJJr ‘RR2’¢] 2k glol] old) HF22o =z Watozn MAA|7E QFEAIoLTY 754 9]
218 e,

A B

-

RR1 RR2 GG RR1 RR2 GG

<9 1 AAHEE B8 A4 wsk A Ab-E s B, A $>
(2) UPLC #4
O HEE¥ FE wjFe MAA e Ato]7F & UPLC profiling =% 1 & 71 Q3]
th(2¥ 20). GG Al5T AbAE & A7 dojubx] ¢9kal, anthocyanin peak:™ U-E}
Al kol anthocyanine] $l& Aoz dd & 5 Atk RRI, RR2A| B4 e
st v ATEE 11ES @4 24 stdoy dA sk

J = o3l %OPEI’J} B
. WetA] ‘RRI, RR2ZAIBoA &= Ao 1159 Z+E4 o¢
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RR1
<729 2. UPLC &4 A¥>
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g o
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ME
g Iy
of 2
.u“l_é:
b

Pelargonin chloride

g
o9 050 100 123 200 250 500 350 100 45
- s 075 -] g ; -
2 i i - > 9 Delphinidin-3,5-diglucoside
0. .50 100 1.50 200 250 300 aso 400 150 L4
18071 RG
2587 I('IE
2 oo FAY = : Delphinidin-3-glucoside
0 050 00 = 200 2350 300 350 400 450 El
o R
r r
= iag b Delphinidin chloride
e 1) 100 .50 200 250 300 250 400 450 51
7
158
et
v\ 0 ; Cyanidin-3-rutinoside
aur 050 100 150 200 250 a0 330 400 +50

= 20e-3 9 idi i
2 s 018033 ¢ e ey g 7g 92 Cyanidin-3-glucoside
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Al
. &
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S
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mlo
gk
r'O

ol
X
fass
32

o
+
o

5 H%i]J
FHE 9 & = ATk wEbA FEAJobd o] HGAES] tEAY Y FR
e dolr iz, A5 E 7kl sted LC-MS/MS #4415 F33t3th ﬂ-r::“a‘ﬂ 3 Al
% ‘RRI'Z} ‘RR2'¢] UPLC-MS/MS 4 ZA# F AE(KAE ‘RRI'Z ‘RR2)9
anthocyanin peakt® X5 cyanidin W@ A J S At 4 3ttt A& ‘RR1I'F RR2
A 9] anthocyanin peakZb ¢l 9l otk MS/MS (MRM) #41, 232 2 ujx9f
g Fo] AdEAOLT EA o] fiste] 7] HuE AdAF=E AT AA FHAE 609
<9 dHolHE o]&ste] 7t AEE MRM #AstF oy dXA A ol A9
anthocyanine B ¥ XA e 29 Hejo] vjdAz FAHs ]

ol
4
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A Thz

RR2

RR1

0

i i

GG

Cyanidin

o f RR2

RR1

ik [ o
-

Cyanidin

Py

<Z¥ 4. UPLC-MS/MS &4 A3 A, 7t&s) #; B, 7heia A>

Y. @3 e i 7 FF A 2 QTL 4

(1) MEA JDolA B3 2H &9 T/ 2 %S HPLCE =4}

O WwjFE mAufFol walsA vHE FGtol A Witz =2 A7 e o ura}u
b AMAES] 7 Y= AAaA gis] 2t ggst 48 98 HPLCE ©]&3t4 9

| 5o wWrka] koA MiaA AE B8 9t HPLCE columng ©] &3 RT %
7lEo 2 Zt7te] g Ao R EE7F Vbt R R, AlsdA] Ao 24 9 s x
Ab, A 38F sFalat ekt

(2) M7 WA FA JdoAA ALAC g QTL 24

O MaA A# FAA F95 FMstLA stk Fdx ALE 7[Wo s A (JFEA
obtd) 2] AEZARLES AFEste] A4 FHo digte] #ofst= QTL w41S F333)
A TH HPLC Aol A witu)3 So]&<l 10719 HaE 9l 39, oS AT o
Fe AR oH, olE 1070 AEte] F de ‘T dEA oY FRFOE IFFsie] i
Aol AL S Th F 13T F9 AETHTITIES ol & s}oq Aol Fefst=

-9 E HAT 2y, EAJord ¥ sto] AN F 10714 QTLE vt T2
dito] A¥1E AlOoA, ‘T3 Aol A#THF A04olA, ‘T4 Aol d#1H A03H
Al10A A, T} “T6 Aol AT Aol A, ‘T7 Aol A7 Al0d #IXsHA
toolg BRE tEA e AR5 & &S AAl tEAJobd FRH(TI3) T3 AdlE

1o
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A04ol A QTLo] AZ=HOoZMA A4, A09, A10S StEAJobd ghako] yholsli=
Aad F Aok dE QTL FFel AXste= FEH FAATS A TolH, 2d
SNP mpA ¢} AAlste] Aol #ofstes FEFHAA A F vo]entr] sjtko] 7hs
Ao g Hu

wet e

o A 2A(FEASI) A AALA B4

(1) B2 W Fsh =4 w3 A2 AAA 2

O wWZka|F 22 (A8

I, AlE 2)3% A 155 3)9 A5 AAAE vl 8 B
AL A fFoshAl Hdste RS AEet it sk 3F 9 AlE9 HARAl HlolH
(shor reads): Illymina HiSeq 2000 AHl& A4+ sFsich. *@’&5{} A dlolH o] #He
A& 10] 487 Gb, A5 27} 6.18 Gb, A% 32 537 Gb Ath. A4S short readse] %
AelRg o golBue] AgA x1E PCRell ¢l "@’{}fdduplicated readZ in house
23] 3L, SolexaQA package® Dynamic Trim¥} LengthSort= & 13 &
AL23Folf inal trimmed data® #4235t th DynamicTrime phred scoreol ©e} short
read®] %% 9] bad quality baseE Zet Wiz %29 cleaned read® A A st A S

T3t o, LengthSort=DynamicTrimoll Al W% %2 base’t #¥ readE& A7 k=
W}AS 88 vl DynamicTrim®] phred score =202, LengthSort ¥4 -& short read
length >25bp AF&3FA T 94.11%°1 A 94.48% 2] Hlo]E7} Q30 7|+ S & trimming 3 &
ol Atk dAg & FRI cleaned reads= AlE 19 AF$ 307 Gb, AlE 27}

scripts&

4.13 Gb, A& 3 340 Gb it
F 1 Aol sAujEo] dARA] dlolE Aakel thE F A

B2 | LR =4 =

TotalReads 48,179,516 61,197,818 53,127,646
TotalBases 4,666,131,116 6,180,979,618 5,365,692,246
TotalBases(Gb) 487 Gb 6.18 Gb 537 Gb
GC Count 2,320,659,939 2,946,687,888 2,532,951,037
(GC_Rate 47.69% 47.67% 47.20%
030 MoreBases 4,579,319,019 5,827,690,746 5,069,583,507
Q30_MoreBasesRate 94.11% 04.28% 04.48%
020 MoreBases 4,699,696,370 5,976,224,439 5,195,093,244
(20 _MoreBasesRate 96.58% 96.69% 96.82%
Clean reads 34,924 846 46,843,910 38,611,432
Clean bases 3,073,838,581 4,137,626,783 3,400,979,929

FARAE YL

S B, =

AAe $AL

%33 cleaned readsS
Oases(version 0.2.08) Z &3 9] protocolel] we} oJMEE =

o] &3} Velvet(version

Fastg 44

FAMPIE 292

Y5 sl 3H5~85 B9 e st FAE A8t FF 9
k-merE 27|93 k-mer distributions &<215tA . #H 2% k-meri= k-merd] W3}o] w}
£ total length(oJ A& H A de F4o])e W7t 4

N50S 183t HA k-mer® 57

131, max length, average length,

A4, olE Argstel AE o QBT FAste] A
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< oAEY AxE A HF oA EY ZAAE contig 24 AR HE BEY
(splicing form)©o. = 2l3slo] FL3st FHAAG G th42] transcript form©] A%, ©]
= ‘total transcripts’# W3S o]F oA  HH A 9 (locus)vFe}  ‘representative
transcript & & A ukslo] umgene’ AEE WEAY. HAF AN EYARZ ‘total
transcripts’ =% 6390071 a1, o] FAA HdH o2 7} locusd 2.071¢ transcript’t &

A 3Fe] ‘representative transcript’®] & F 32,39571 3

=

F 2. HF ofdEY A3 SAA
5 Num. of Length(bp) of transcripts
ata
transcripts  Total length Min Max Average N50
Transcripts 63,900 105,019,243 200 15,511 1,643 2,114
Representative
. 32,395 43,024,619 200 15,511 1328 1,796
transcripts
16,000 -
14,000 -
12,000 -
10,000 -
8000 -

6000 -
4000
2,000 -
O -

S

\5’53

O £ £ Q )
ox & & & & &F o
e ¢ ; oV U b i M » b<9
[ [\ oY [S\4 4 X4 X4
AN I I
B Representative Total
a8 5. HF oA EY 9 transcriptsd Zo] ¥ X%

O "3 F74 A9 total transcripts (63,90070)°l sl 7]5& w}etstr] 938l NCBI NRO
viridiplantae DB®] amino acid sequence®} BLASTXZE E3] annotation (filter”]<
e-value < le-10, Best hits)S 433} th. Phytozome v9, Uniprotkb, KOG, KEGG2]
amino acid sequence?} BLASTXZE %3 annotation (filter”]<: e-value < le-10, Best
hits)S F33FA . InterProscan< EMBLO|A A& % toolsg ol &3t orn, 71ESA
(default) = AFE3 . GO DBAlA Al&Fste MES o] 83FoalignmentE G35t}
Thresholds® 7]%5¥ % 49 47} counts >1 o|AS AHE d9ow, GO depth:
12 AAste] 37}A]  functional category®! BP(Biological Process), CC(Cellular
Component), MF(Molecular Function)® #F3F . ‘representative transcript’'®] GO
category©ll 4] Biological Process(BP)ol 4]+= cellylar process®} metabolic processell 3¢
F AR o] Bekar, Cellular Component(CC) @&l A= cell?} organelled] 33+ 7=}
o] ko, Molecular Function(MF)ol| A &= catalytic activityoll &3t 7 x}to] «
5% Wkt
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o ¥

77he] DBE

Ab&3te]  BLASTX®  annotations

transcript’ 32,39570¢] oA annotation DB} HIAFAIEE 2t

‘representative
& 2921970 24

12

A

90.20%9] ‘representative transcript’ ©| tad AR Z x5}

¥ 3. Transcripts®] annotation®

TR S AA

Phytozome NR Uniprotkb Total
Data KOG KeGa 60 InterProscan
vl Viridiplantae  viridiplantae annotation®
: 58536 58796 36927 46,652 50,347
Total transcripts
{91 61%) (92.01%) (89.09%) (73.01%) (92.87%)
Representative 28325 28704 21637 21230 6112 21120 22167 29219
transcripts {88.05%) (88.61%) (8531%) (84.06%) (18.87%) (8372%) (6B43%) (80.20%)
* Total annotation : Functional descriptiong S121517| /8] A3 DBYM BHOIZIE annotationd| & A A4
¥ 4. Representative transcript’®] GO category©ll 4] Biological Process(BP)
GO ID GO term Gene count
GO:0000003 reproduction 892
G0:0008152 metabolic process 15,785
G0:0009987 cellular process 17,362
G0:0023052 signaling 3,240
G0:0032502 developmental process 5,565
G0:0040007 growth 1,270
GO:0040011 locomotion 88
G0:0048511 rhythmic process 269
G0:0050896 response to stimulus 9346
GO:0051179 localization 5211

¥ 5. ‘Representative transcript’®] GO category©ll 4] Cellular Component(CC)

GO ID GO term Gene count
GO:0005576 extracellular region 2,168
GO:0005623 cell 23,985
G0:0009295 nucleoid 46
G0:0016020 membrane 8,322
GO:0030054 cell junction 1,384
G0:0031012 extracellular matrix 43
GO:0043226 organelle 19,519
GO:0045202 synapse 75

¥ 6. Representative transcript’®] GO category©ll 4] Molecular Function(MF)

GOID GO term Gene count
G0:0003824 catalytic activity 10,226
G0:0005198 structural molecule activity 807
GO:0005215 transporter activity 1,605
G0:0009055 electron carrier activity 190
(G0:0016209 antioxidant activity 122
G0:0016530 metallochaperone activity 9
G0:0031386 protein tag 9
G0:0045182 translation regulator activity 5
GO:0045735 nutrient reservoir activity 33

O ‘Representative transcripts® KEGG®EA o2
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©)

KEGG 72 BRd 27 3% Zo Metabolismol] #3F #Ho] 7b4 wWo] velyit) 1
T

ol 1 ’biosynthesis of other secondary metabolites’ (]2} QA FE o] Mg )] 3t
o] 29.4% (38587 A A, 3858 transcripts)® 7HE Bdth AMAE g E A o] x}
AbabE SOl st R 8t d, KEGG 24 02% o]xf thabatE e #sle] 7Md @

o] KEGG gene©] Yoz o] HAo ALg3t A& 7p w7luj
o] zpolol] #Ast= FHAT S LolR A KAk JePsk A F ol
=& YErdth

¥ 7. Representative transcripts®] KEGG summary

KEGG gene  Assembled

Major Classification Sub Classification ;
count transcripts
Metabolism Nucleotide metabolism 307 363
Metabolism Amino acid metabolism 697 850
Metabolism Metabolism of other amino acids 239 284
Metabolism Glycan biosynthesis and metabolism 133 167
Metabolism Carbohydrate metabolism 1034 1230
Metabolism Metabolism of cofactors and vitamins 280 331
Metabolism Energy metabolism 383 466
Metabolism Lipid metabolism 551 708
Metabolism Metabolism of terpenoids and polyketides 149 183
Metabolism Biosynthesis of other secondary metabolitas 3217 3858
Metabolism Overview 736 863
Human Diseases Drug resistance 1 1
Genetic Information )
; Translation 920 1134
Processing
Genetic Information o
" Transcription 308 370
Processing
Environmental
. . Membrane transport 28 46
Information Processing
Genetic Information o )
: Replication and repair 286 367
Processing
Genetic Information . ) .
Folding, sorting and degradation 666 783
Processing
Cellular Processes Transport and catabolism 385 475
Environmental _ .
_ : Signal transduction 365 447
Information Processing
Orgamsmal Systems Emvironmental adaptation 214 248
Human Diseases* Endocnine and metabolic diseases 21 28

(2) AALA dolEtel A 4 B §9)5A 2@ DEGs A% £ 7% #4

FRHAARAAD HAA ] FAHE T3 cleaned readsS mapping3te] A #}7}
du = 452 Ve E 233 (read count)E AAFeAth Read mapping ¥4 <
bowtie2(v2.1.0) AZEgo]E Al-8(mismatch <2bp, penalty 2] o2 Al4H)sFS) a1
ke 7k o 7} F A xboll mapping © reads® & 4 = A3t Hir A 2l mapping
rate 9}94.92% A== YEMGETH

nﬂi =3

Read mappingS €3l SHE FHA=9 Aol sequencing ol ofEHo|lm =
Z 7k AALE dolEl xpolE ®AE Y] &l DESeqs ©]&€3te] normalizations 433
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ATt dolg HArE EAskE AEe] AAe FHz FES AASIE T A5
o 8k normalization< —r5§ St aL, raw oS kel MEZF WAL A4 FHoR
sequencing©] %53 Astow mobyE] gt}

O AMZ7F FolshA =4 ’S}E A 2H(DEGs; Differentially Expressed Genes) 22 7}
AAkell mapping® W gho] e gtel HlaE= AlEolA 2 ol TRl xolE e
st 2 fold change W3}, adjust P-value(FDR)©] 0.01 °©]3}& "3} binomial test
WS sAlel AREEA T Aol A log 2 (Fold Change)] kel 1XRUtE =W
up-regulation, -1X.t} 2to ™ down-regulation ¥ At A3k}

gl

£ 8. WUF 2FRR, ROT 346 %(r) Abolel A HHFDEG))
Aol g EhhE FAA &

H2044 (Treatment vs Control)  Regulation pattern ~ Mum. of DEGs  Annotated DEGs*

Up 36 33
:Rﬁn— S L 3 U p—— chEN R — bdbdaiiiieks

Down 132 n

Up 495 40
Rrvsm :

Down 139 4

* Annotated DEGS - 7735 annotation DB 3 (= 51E DENMBE annotationd| & A2

5

Q

REws R

17 6. DEGelA frelsiA wd el Aols vt falxke o

O DEGY GO A#= ¥y tS3 Zt} GO categoryol A Biological Process(BP)ol A &=
‘response to oxygen-containing compoumd’, Cellular Component(CC) &A=
‘cytoplasm’, ‘cell periphery’¢} ‘plasma menbrane’©], molecular function +¥FolAl+<=
‘cation binding’, ‘ribonucleotide binding’, ‘nucleotide binding’l| A & o] Z7}5 A},
o]F A ‘response to phenylpropanoid metabolic process’ ¢} ‘reponse to acid chemical,
‘flavonoid metabolism'¥} ‘secondary and pigment metabolism’el] ot A X9
o] SrtE = AS g2 e Th
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W& tP‘\-f‘@ & ¢ 6{-0& & & & g’gg,” égﬁ
¢ G o & Y o FE& &
& @Qﬁ & S&E

Biological Process

a9 7.

L SZARE|

Cellular Component Molecular Function

59} ZEv)F7F DEGsel 4] Gene ontology 2 %}

response to oxygen-containing compaund -

cellular modified amino acid metabolism
= Lerdi

log10 p-value
"

flavenoid metabolism

-6

phasphorus metabolism
bt el Al e il

®
&)
| signal transduction

®©9® o

defense response.

‘1, response 1o acid chemical
'\_—" =y :

= 3] o
. [ )
° 3 E.-l e o
R .

| erganic acid metabolism

:.Pheﬁy-llprop:lnnid _n}nt:l_?mlism

b

3 ( (1)

|secandary metabolism

£ | plgment metabolm

: [ ]

lag10 p-valug '
a7 8 w7kufFel 2EZu|F7ko] DEGslA Gene ontology 2 3}

Adbel vz DEGs F34 558 o] 839 Venn-diagrams 2H/d st 7w
F13 WG F20 A FEor wd ko] TUE FHAE F 34N, vEoer w
Mas e E 5 Ao ZzF Eo)lH oz wrd #o] ZrtEE §A2Y] £ wku)
13 2004 Zhzb 427 1517099 o
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a9 9. ZF Mz MeE DEGsE ©]83F Venn-diagram

A e 29k =54 v S1 Blu el we ske] FUkE FAA 5=

B: ‘e F29F 54 wf S vzt A o] A fAA 55

C: W7kl =19k 52 w31 vl zgol A dd o] F7kd FHA 55

D: ‘Al S19 A w1 vl 2ol A Eel o] SUME fHA B &
FrolstA HdE A ARE o] &kl FHA TAHES 1t clustering
A8 skt Clustering 42 W7 o) 13} =A0)331e] W& 2o,
w7l 20k A u) S 7ke] W o] Apo]lE Hlalgh Z3to| Al DEGsE ¥ 70371
FHAAE o] &3FA . Clustering w412 Re amap¥} gplots libraryE ©]-8-3}¢]
hierarchical clustering #2412 a3t om, fFd2te] A= Ho] FASE A=

A4kl ¥ 0 & pearson’s correlation¥} -

WHES AHg s

¥ 7. Clustering® DEGs 7R

Cluster number

Num. of DEGs in Cluster

Cluster 1

515

Cluster 2

135

Cluster 3

31

Cluster 4

22

Total

103
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Clusser 1; 515 penes Clustar I- 135 genas
-
§ o - § »
i § §
& I 4
- ¥ N . —
] ]
%, 1.
] ;
n
[l
14 ® 4
1 l
7 Bl v A v r
ST Sarph
Clagter 3: 31 genes (=T
- -
) B
] L]
o - B
‘ . .
1 - 5
— b b
! |
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I; © L
S E
g ; ‘rh L 11 {' VT ="l Vi IT =' wk it
L
E = ar e

19 9. Clustering set2] heatmap?} line plot

O a) Heat map2 ¥ZHEH RR vs rr(87u] 529 5 A4u|3 v w), Rr vs rr(8-7 v 5134

= A w S d] o) H]E’_Z:‘}}QJ gole]E F &3 zlolt}. b) Line Plot heat mapel] 3 ¥
clusterg o= A3 AT F 4719 clusteringS & 5 AN, o]FA 5157 =
TAH cluster 17 2270 = —TLHH cluster 4914 FAA WdFo] FIF Formg ol
537 FAAE #wAS Zta Vs ol BaAl stk 53] cluster 4o £ot= w4
A= T ERY Lol 71 HAew, o Wik Aol FE w7y
F 204 EdFol F7F ste AEES UEWTh cluster 49 KEGG Aol A
‘metabolism of terpenoids and polyketides’, °
other secondary metabolites’@l] #olsl= Ao =2 YEFIL, cluster 1914+ ‘metabolism

of terpenoids and polyketides’, ‘amino acid metabolism’, ‘biosynthesis of other

il 7}

=

=
R
0;

amino acid metabolism’, ‘biosynthesis of

secondary metabolites’ ¥%F o}y 2} ‘transport and catablism’, ‘metabolism of other
amino acids’, ‘carbohydrate metabolism’, ‘translation’, ‘lipid metabolism’, ‘signal
transduction’, ‘environment adaptation’, ‘metabolism of cofactors and vitamins'ol] <]
3= AoR Yyelg =, o] FolA ‘biosynthesis of other secondary metabolites o]
o5t zlo] 102 o= Y53 wWol Yelyth

¥ 8. Cluster set®] KEGG summary
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Major Classification Sub Classification €1 @ G 4
Cellular Processes Transport and catabolism 8 o 0 0
Genetic Information
Replication and repair 1 0 0 0
Processing
Metabolism Energy metabolism 3 0 0 0
Metabolism Metabolism of terpenoids and polyketides 3 1 0 2
Metabolism Glycan biosynthesis and metabolism 2 0 0 0
Metabolism Amino acid metabolism 17 11 0 1
Metabolism Metabolism of other amino acds 14 o 0 0
Genetic Information
) Transcription 0 0 a3 0
Processing
Metabolism Carbohydrate metabolism 18 2 0 0
Genetic Information :
) Translation 4 0 3 0
Processing
Metabolism Lipid metabolism 12 i} 0 0
Environmental
Information Signal transduction T 0 0 0
Processing
Organismal Systems  Environmental adaptation 22 0 0 0
Environmental
Information Membrane transport 0 1 0 0
Processing
Metabolism Biosynthesis of other secondary metabolites 102 7 4 3
Metabolism MNucleotide metabolism 2 ] 2 0
Metabolism Metabolism of cofactors and vitamins 4 a 0 0
Genetic Information X ) 3
Folding, sorting and degradation 7 0 0 0
Processing
Metabolism Overview 4 0 0 0
(2) AEAID AFA(EZAUAAEZ) #d 38 FAAT &4 £ d=
O Al #d FHAE 3l3d7] ¢3] phenyl propanoid pathway W A2} BLASTE
B3kt 86709 phenyl propanoid pathway W %A amino acid sequence)$}t
BLASTXE %3] Annotation (filter 7]5: evalue < 1le-80, Best hits)& a3s}3it}.
‘representative transcripts’ 32,2957] oA 86707} ‘phenyl propanoid pathway’l <3}
Atk o] Tl f1o 2O = filter WS W 66712 FAAE AL T 5 AATH
# 9. Phenylpropanoid 1 #Fe} w3 ¥ w3 transcripts & A A
Phenylpropancid § %X} H{3= representative transcripts
SH0| A28 S 74 86 32,395
BLAST filter (evalue < 1e-80) 66 268
O At 66708 FAdA TS v om WAk Fob A S A qRT-PCR A o= &4l
stel WAl o7t A= FAAE Fu FAAL Aweta, G4 A% vz ) ws)
w4 itk A4 GRT-PCR Aol 18 Folol, wage zolr} Q= U3 Ha4
& o2 FxE Hlusta, o5 xolE HRMOZE validationdte] w7 /WS W
gt Aot
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wol bsa A AW SaA Gk WEAZY DR AE] B AU
7] wEE H Qo o5 AU U AR 44 o By
WG B wFAA FAw AusAty Rug vhAc
A Y WS DR ATANE SHAN Grow, S /] w =
Bol A& AAWE TH A iAo} Aol B B Az E
AFAAE FAA FEA) wge] Gt 1A 38 FY AN 2E A
%3} A AFAA PCR 4B 2717k get @S ey Fdo] s
ot ol B ARAMNE 1FFAE Bsh CAA TS eI, A%C 3
AW 272 el EFel AsE ARG e 4R aung

T
it}
rir

X

)
e

ct.
O A 1S AEC AEBY AECE ZHz AEA wu]dle] D= weA 28 F A7
W A0/ A F2 Aehe R s

150D
.%—_e::‘_ [ — ?_E:.-.

T - <O

07 1 07 2 07 3

[3 4]
7716 ' AR 24 R 1R Ad gR
(1) tEAJOR A3 B4 g

I=]

O A& 0.1gs 2ml ependorf tubedl ¥olA, F&8 v (water: formic acid, 95: 5 (v/v)) 2
mLE Yi, 5% T IF5EF (vortex) S Tl 208 B I A 2Sd AHE
(sonication)Z 3&}o], ¥UAEE (8000 rpm, 15 min, 4C)E 3. 045 um PTFE
hydrophilic syringe filter (#7 13 mm)Z %3t 3 HPLCE Z4 vialdl ¥+
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(2) ~
O

O

HPLC Agilent Technologies 1200 series

Column Synergi 4 y POLAR-RP 80A (250 x 46 mm, 4 um Phenomenex)

Guard Column Security Guard Guard Cartridges Kit

AQ C18 4 x 3.0 mm KJO-4282 (Phenomenex)

Wavelength 520 nm

Oven B

temperature T

Mobile phase Solvent A (water: formic acid, 95: 5 (v/v))

Solvent B (acetonitrile: formic acid, 95: 5 (v/v))

Flow rate 1.0 mL/min
Gradient .

. 8.0 min solvent B 13%
conditions

13.0 min solvent B 13%
20.0 min solvent B 17%
23.0 min solvent B 17%
30.0 min solvent B 20%
40.0 min solvent B 20%
40.1 min solvent B 5%
50.0 min solvent B 5%

WA (QPEAJol) sk Ale 2 Jdol|A tEAold AE 4]
w e ek S35 HPLCRE EA43te] QtEAlobd §hko] zpol7t &S &
t}. HPLC profilingd Z}ell Al =54 w)Fo A= vEf=]  gkgko) wh7kn
Ao v Ao disf o5 Mo widA Fejel i dolr iz} LC-MS/MS
S TN tEAT FFSHL AAEY AXFOE mg/g 22 AT

==

o

-

>

rr
MroJn ¥o
2 o 32

J III

i )u r.H nl 0
% ‘! H |\fﬂ.ri'luw \\IWIJW {

| 4 el gL
il 18 910 ; .

2 1. 520nm J‘rﬂoﬂ /\1 O}E/\] 0}‘4 HPLC chromatogram A) ﬁ%é%ﬂ B) w7}l 3= 9]

A FEEANA SFEAIOLY profiling C) 2Z8]F FEEAA SFEAoLY profiling. 7=
=2 retention time (min); A Z2=< 3451-4 A% (mAU).
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w7k a) ol A mAu) el gl EolF o7 13 FHY AES ol & = vt vjdA
o] e/} E& cyanidin WM FA LS A3, AF pelagonidin®] Y-S & 5 AN
o FdzAbe mEW | F Ak e Tl wF, A & sk wFFe &
W3 BREEE5S ¥35t= YuFFo = ‘Cyanidin 3-diglucoside-5-

glucoside’e] Bl Harl edl, & A5dAE o5 &S A & F AATh
S (9, Ud, 5) tEA] FFS AT Alse 3F § 12574
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- RP= A3, G It S5 vehid, TR

HFo] sd, OF = #l59 9lds Jebdnh PEAohd S Ank S| o= 4] 4
=54 gokon, WA Tt e, 2AEE i, 48, Ye " T5 EE
TRl gkl Ame) Aol Fa mAsta vk edelM Hit 3231 mg/go®
7HE wekem, WA= 1017 me/g ©laL, T5AM= 331 meg/g o2 7 A
et AAZ el ejabd vhd Ze AAoR oy wAAS Yehila, e
§2 Bow, $52 BE WSl dede g5 Ha

o

AME e EFAMS ye :
dout JMA-RE Fxe] zto]7} IAT).

® 2 F ool F9I kEAlohy g

Nao RP_TF RP_OF RP_MNR G_IF G_OF
1 o =0.00 0.0+4=0.05 0.00=0.00 ND D
=~ 1.74=0.23 0.28+x0.23 g.03=0.02 ND ND
3 o =0.01 0.00=0.00 C.00=0.00 D ND
4 1. =p.23 0. 21 =0.00 D 2D
a . =0.03 L 0.05=0.04 ND ND
g 0.76=0.09 o .01 =002 ND ND
i a. =0.60 0.81 0.50+=0.18 ND ND
3 12.63+=1.37 2.19=1.80 1.22+=0.03 D D
g 09 0.19=0.14 0.0 =0.05 ND ND
10 0.06 0.16=0.12 0.05=0.08 ND ND
1 W 0.61=0.43 0.26=0.01 ND D
12 0.26 1.24=0.92 0.62x0.02 D D
13 =0.12 0.77=0.61 0.15=0.C0 ND ND
Tota 31284 10.17*=1.69 3.31+=0.36 D D
wuE A AaA A8 §% 24 2 QTL 24
WS A e WA RHE Ry G el A

| 3]
2 222 ZAFSFIt. HPLCE columns o] &3] RTS 7o =2 7Z+7to] e

e 7F Thest R, AlBelM Mo 24 B S A A5 e

wu) o A QtE Aol Mo #elakiE QTLS ZAMSIGITh HPLC Aol A w7
F Sol5el 13709 HAF Yol st AFY FFS 2ASL, olF 137] R #
5 e F FEAR FHOom pFstel LAel ALg Sth F 14FF AT
(TITIHS ol §3te] Mol olshs FAA P98 GG 2, AEAchdd] wal
shol @AM F 10709 QTLS 2k QTLA: 24dEs} wEsA g Bex

3

AA=d, o]= HPLC Z=7el wet profilinge] @A B2, QTL 4]0 AR&H A

AR
Fa A S A dEes A4d ¢ gl

L GEANO AY AAA B FHFAR AT H owpA AT
AALA A Aol A ek} =

AR, SFEAlOb] AFA #-
allelic variationg ©A3&to] Zofo|HE )<l sto], Wdu] 59} KA =S LRI S

i AR etz s
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Y 2 MaA 94 A9 B4 A A9

A A FHEQD W o Ak S AR AARAl B4 S Tt 74 Al
Hlastel 307 Gb T 413 Gbhel FHA AHAERE FHRSIYA, oF Q30 7FL
trimming S wWolw dolele] 94.11% ~ 94.48%7F Aol A g3ttt HALA H o] H
& oAEZE FAEAHAY kmer, 574H), oA 5T A#A=E A E contig 7] A=
t}2 2 (splicing form)o & 213te] T FHAAA A 49 transcript formo 2
¥ ‘total transcripts’?F o] Foll Al -1 % 4 (locus)vFE} ‘representative transcript’ &
shub® MwEte]  ‘representative  transcript & AAA AT F 63900719 ‘total
transcripts’ ¢t 32,3957H¢] ‘representative transcript S AWttt DBE AFgdlo]
BLASTX® annotationS 33t ‘representative transcript’ oA A DHFAIEE 7|F 0
2 3le] 29,21971(90.20%)° et AR E 3H s

AT 548 MAaA Y Aot = ARl A o]o] st A
ol uz Hiuzk Ak AEFIE FosiAl EdstE A AHDEGs; Differentially
Expressed Genes) A2 7} 3 =}bo] mapping¥ Hgko] Ao ztel] Hluly = A&
A 28] o)A B o] olE 3eldt= 2 fold change ®HH ¥ adjust P-value(FDR)©]
0.01 ¢]3sl& W38}l binomial test WHE Ao AFE3FA T log_ 2 (Fold Change)2]
Zrol 1®Ht} =W up-regulation, -1¥.t}F ZFoW down-regulation ¥ $Atha F o3k o).
w7kl S ot 2E ) Fe] FAA B R Aol & Bluldte] WHAbulSoll A e ke FF
St FAAE AAwsdt}. o] Fol A phenyl propanoid pathway © #olst= Zow H
TR 8670l thstel BLAST, BLASTXE 339 DEG ZFolA 66719 #3
(L, ol =9 e zolE WMAulFe} = A u)FAlolo| A gRT-PCR=E
ST StEAJolbd A A2 %Z7|wAQl phenylpropanoid pathway © #¢d
AR, 27 etEA oY A HAE 2 late biosynthesis pathwayoll o] s}

253 transcripton factorst 22 ZAHFHAAS ThES FAteA T
}ol& RT-PCRZ <2138} 5
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FAFol Aozt A 547l FAAZ TR FAAR ARe, 24 AR ol e
A Bk 5470 FaAbel diskel qRT-PCR ¥ Atz dd el Aol7k g 107
o fAAE dow o WANFe wAFe fAA AR AAE NFEEHA
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A ARE ddo wuste] ZefelnF Adstarh =g A4 uF
149 Wolg wawstel Y 10749 fAAe FEAA e & e
of kel w Zekoln g el

TR AGHAATA A W7k E) S transcripte} =AW transcript 7FE] 971
allelic variations ZAMeATE 4709 TR FAALS Ao, ol &
olgt z}o]E HRMO & Validationé}oi U]-ﬂ kel &8stz sk, ““”oL“H
A F3ke] ztol & YERE 5 9l T2 2 F 5 w7 (gene DE Al ¢

A dlelEol A tEACl) A% Amel #elshs fHAE FolA qRT-PCRE
AYEE nwste] AU 1074 FHAAAE PO Sl vhA AR Fu 3
ohoE@ QA E FAENA GG MelE vawstel Y 1074 fHAe] Fx
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r—LI

T 5/ TR P
Al Alole] Th3
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a8 2. TR FAAA T #eldk HRM vFA 2 wgku)5=oF s =2 H A,
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woAae vl BEel W 25
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oF % 10%9] WFMF A9
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A9 oA 4%(RR, Rr, rr, GOl A W& =
9 At F7ER A8 1050 WA wE & W&

o - & ‘/F 7F AT ohRk, w7 F 5L3 A& (red type 1) &3

(red type 2)° g TE2 T F gt SHFAE Gene 59 H-9+= 71E9 4%

A= el 27bs 3}91—0—1’}, F7t2 et Wk LA A red type 13 red type 29
TiEo] 7Hs skt
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z
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Shifted Malting Curves
T T

Ternporatare Normalized Fluoresconce
T

9 3. vhA Gene VR 1€ 437 371 1032 WAL #4123

Gene 2-7 Red type 1 Red type 2

ST X = Fﬁghnzs “\
E"_H\“\ 1 e R ki \“
[. ; I 2 1 2.2, 2.9
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a9 4. vA ‘Gene 2-T% 7]1& 4F3 F7F 1059 w7taA 4
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a9 6. "7 ‘Gene 5-7= 7]E& 4% 3 F7F 10F 4 LA R B e e

¥ 3 AR} HAzEd oo 2 wbA L] genotype

CONTROL Same resources Other resources
Gene 1 RE Rr GG s T | 2 | 3 ] 2 ] 5 | & 29 | =22 23 | 24
Gene 2-7 " RR | PR Ga | = 1 [ 2 31 4 | 5 || & | 21 | 22 | 25 | 24
Type Red Red Green | Green Red type 1 (population 1) Red type 2 (population 2)
CONTROL Same resources Other resources
Gene 1 RR Rr GG ™ 1 z 3 4 5 6 21 | 22 | 23 p4
Gene 5 RR Br [ GG m 3 2 3 4 5 6 D 22 23 P4
Type Red Red Green | Green Red type 1 (population 1) Red type 2 (population 2)
CONTROL Same resources Other resources
Gene 1 RR Rr GG ™ T ] £ 5 s 21 | 22 | z3 | 24
Gene 4 RR Rr GG. w i 4 5 6 2| 22 23 | 24
Type Red Red Green | Green Red type 1 (population 1) Red type 2 (population 2)

SR ! =
golstas 25uE FA3S A P ) Btk R wF2AT} 105 w7
2 2SWFE 1052 37 sl 245

_1

v AE AT F ATk et HA b Fo A el A
= UVERg s, F7E B 1089 4
2 Foll A 3F e AA(AH, CSRS5, CSR89)S ¢ [mAuj3 Solz¢l debs 1
YPZE F7E AT ol =4 wF FHAY WA Gene 1914 ®Wol& YEM =
5ol4 loci7t AoS UERAT mEbA F5oE AgANA 7] B Fl vhde 54
AR AR AR A Geneld FEREAS o]
WA 2GS FEAS e A 2Pzt 54 u)S Ahol A vy
A BeEAE dlstaAl s
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2.90+1.93
ND
ND
ND
2.90+1.93

Outer leaf
ND
ND
2.70+£193
239.12+24.37

236.42+2517

Midrib
ND
ND
ND
ND
ND

B-Carotene)

026

1.87+
ND
ND
ND
1.87+0.26

Lamina + Midrib

o /] 7}2E]xol= B4 (mg/kg, dry weight)
ND
ND
ND

19.99+1.18

Lamina

19.99+1.18

=
T

4. wj
10165

8.11£3 45
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441.14+113.93
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HEZ ST | 2B HEZ Sz Ea=s HEZ ST =& HEZ ST | 2E
BT/NMET:1.01 T162-1 Grl| |BT/MNMEBT:1.43 T162-43 | 1.6ml| |BT/NMBT:1.97 | 7162-87 10ml|  |[BT/MMNET:.233 | 7162-233 | &.5ml
BT/MMNBT:,02 T162-2 dml| |BT/MNET:!1,50 T162-50 | Z2ml| |BT/MMET:101 | T162-101 bdml| [BT/MNMET:,234 | T162-234 | 4.5ml
BT/MMNBT:1.03 7162-3 | d.dml| |BT/MMNET:1.51 1162-51 13ml| |BT/MNMBT:1.103 | T162-103 dmll  |BT/MMBT:1.235 | 7162-235 3l
BT/MNET:1,04 T162-4 | 12ml| |BT/MNET:152 T162-52 Bl |BT/MMNBT:,105 | 7162-105 iml|  |BT/NMET:1,236 | T162-236 | 3.5ml
BT/MNET:1,06 T162-6 gml| |BT/MNNET:1,53 7162-53 | B.Bml| |BT/NMBT:1,106| 7i62-106 | 1,5ml| |BT/MNBT:1.237 | 7162-237 | 9.8ml
BT/MNET:,07 T162-7 | 58ml| |BT/MNET:1,55 T162-55 | 95ml| |BT/MMBT:1,107| T62-107 | 1,8ml| |BT/MNET:1,238 | 7162-238 | 14,5ml
BT/MNET:1.08 7162-8 | 87ml| |BT/MNET:1,56 T162-56 | 3d4ml| |BT/NNET:,108| 7162-108 | B5ml| |BT/NMET:.240 | T162-240| 4568
BT/MNET:1,10 7162-10 | 5dml| |BT/MNET:1,57 T162-57 | B7ml| |BT/NMNBT:1,109| 7162-109 | Z8ml| |BT/MNBT:1.241 | 7162-241 | 57ml
BT/NNBT:1.11 7162-11 | 13.9ml| |BT/MNET:1,58 T162-58 | BBml| |BT/NMET:,111| T162-111 4.3ml| [BT/MNMET:.242 | T1B2-242 | 9.5ml
BT/MNET:1, 14 7162-14 | 10ml| |BT/MNET:, 61 T162-61 B.8mll |BT/MNMBT:1, 112 | TE2-112 dml|  |BT/MNMET:,243 | T162-243 | 62ml
BT/MNET:!1,15 7162-15 iml| |BT/MNET:1E3 T162-63 | Bdml| |BT/NNBT:,113| TE2-113 | Zd4ml| |BT/MNBT:1.244 | T162-244 | 6.8ml
BT/NNBT:1,17 T62-17 | Taml| |BT/MNBT:1.64 T162-64 dmml| |BT/MMBT: 104 | T162-114 | 33ml| (BT/MNBT:1.245 | Tib2-245 | 2708
BT/MNBT:1,19 T162-19 | B3ml| |BT/MMNBT:1.65 TI62-65 | 4.5mll |BT/NMBT:.116 | Ti62-116 | 360E| |BT/MMNBT:.243 | T162-249| 1.5ml
BT/NMBT:1,20 T62-20 | BG0E| |BT/MMBT: 66 T162-66 9l |BT/MMET:1,201 | T162-201 T5mll  |BT/NMBT:,250 | T162-250 | 8.8ml
BT/NMBT:!1.23 T62-23 | 3258| |BT/MMBT:1.68 Ti62-68 | SOIEH| |BT/NMBTh.202 | TE2-202 | 21ml| |BT/MMBT:1.252 | T162-252 Tml
BT/NNEBT:1.25 T62-25 | 8202 |BT/MMBT:1.63 TI62-683 | 27mll |BT/NMBT:.204 | Ti62-204 | 11.5ml| |BT/MMET:1.253 | T162-253 | G.dml
BT/MNBT:1,26 T162-26 dml|  [BT/NMNBT:.72 TI62-72 | B.5ml| |BT/NMBT:.205 | 7162-205 | 13.3ml| |BT/MMET:1.254 | T162-254 Tml
BT/MNBT!, 27 TE2-27 | 23ml| |BT/MNBT,73 T62-73 10rml] |BT/NNBT:,207 | T162-207 Trol|  [BT/MNMEBT:1,255 | T162-255 Bl
BT/NMBT:1.29 T162-23 | 3dml| |BT/MMNBT:1.74 T162-74 Zml| |BT/MMBT:1.211 | T62-211 GAml| |BT/MNMNBT:1.257 | T162-257 | 10ml
BT/MNBT:1.30 7162-30 | 3.5ml| |BT/MNET:1.78 T162-75 | bml| |BT/NNBT:L212| Ti62-212 | 1528 |BT/MMBT:1.258 | 7162-263 | 6.5ml
BT/MNBT:1.32 TGE2-32 | 44— |BT/MMBT.76 T162-78 bmll  (BT/MMBT:1.213 | T162-213 | 75ml| |BT/NMNBT:.260 | 7162-260 | 11ml
BT/MMBT:,33 1162-33 | 25ml| |BT/MNBT!, 77 T62-77 | bbml| |BT/NNBT:Z214| T62-214 | B8ml| |BT/NMBT:1,281 | 7T162-261 3l
BT/MMNBT:1.34 7162-34 | 28ml| |BT/MNET:1.78 1162-78 dmll  |BT/MMBT:1.216 | T162-215 | 3bml| |BT/NNBT!.262 | T162-262 il
BT/MMNBT:1.35 7162-35 | B.3ml| |BT/MNET:1.81 T162-a1 il (BT/MMBT:1.216 | T162-216 | Gdml| |BT/NMNBT:.263 | 7162-263 | 7.1ml
BT/MNBT:1.36 7162-36 | 3.d4ml| |BT/MNET:1.83 T162-43 dml{  (BT/MMET:1.217 | T162-217 | 29ml| |BT/NNBT:.264 | 7162-264 | d4.5ml
BT/MMNBT:!,37 GE2-37 | 42| |BT/MNBT:. 84 T162-84 | 4.5ml| |BT/MMEBT:L219| TI62-213 | 122ml| |BT/MMNBT:1,265 | 7162-265 | 7.6ml
BT/MNET:1,38 T62-38 | 28| |BT/MMBT:.83 T162-83 | 93ml| |BT/NMBT:1221 | Tie2-Z21 Iml|  |BT/MMET:.266 | T162-266 | 11.6ml
BT/MNET:1,40 7162-40 | 4.5ml| |BT/MNET:1,590 T162-90 | 4.9ml) |BT/NMNBT:222| Ti62-222 Bml|  [BT/NMET:1.267 | T162-267 | 12.2ml
BT/NNEBT:1.41 7162-41 | B.8ml| |BT/MNET:1,91 T162-91 4.5ml| |BT/NNBT:,225 | Ti62-228 | T.5ml| |BT/MNBT:1.270 | 7162-270 5l
BT/MNET:, 42 T162-42 | 53ml| |BT/MNET:1,592 7162-92 | 65ml| |BT/NNBT:,226| 7162-226 | 133ml| |BT/NMET:.273 | ME2-273| 1201
BT/MNET:, 44 7162-44 | 86ml| |BT/MNET:1,93 7162-93 | 4.5ml| |BT/NNBT:227| Te2-227 | ZZml| |BT/MNBT.274 | T162-274 | 12.6ml
BT/MNET:1,45 7162-45 | BIml| |BT/MNET:1,94 T162-94 Eml| |BT/MMNBT:1,228 | 7162-228 gml| |[BT/NMET:.275 | T1E2-275 | 4.5ml
BT/MNET:1,48 7162-46 | 3.5ml| |BT/MNET:1,95 T162-95 | B8R |BT/NMBT:,229| Ti62-229 | B7ml| |BT/MNBT:1.278 | 7T162-273 | 4.8ml
BT/MNET:!, 47 T162-47 | 4.8ml| |BT/MNET:1,98 T162-98 | 4.8ml| |BT/NMBT:1,232| T62-232 | 91ml| |BT/MNBT:1,279 | T162-279 4l
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19 13 ZFRE o= B4 e AuEe s dd

(43 =}]
b A FE AALA AN FREAR g L EXuA 4L uA 284 HA

@)

@)

21 5ol M (pigment)= FEAlo #oJdtE FEAE ALQSta 37FA AlE(SFEAopd,

Fh2E ol =, WElgtel)o] EA sl o] MArLEo] FES 93 FEFA UL FxA BA

TS 9@etH, Aol gk ThAIg A 9% AE ] ok

(anthocyanin)< Z 2R =o]=(flavonoid) &9 84 AMA= AZ9 o # 9 32

o] FeA TN W BoMs Adsin A Eo AAH W Fd A3 Fr)
A

FEA P S RN 25
A

AEoA AEAoT AFAY dEE 2 dHA vk wolx, #FYel, of7IE el A
CHS(chalcon synthase), CHI(chalcone isomerase), F3H(flavanone 3-hydroxylase) %!
2 5L EEH o= FEe %7 A #oJsli= EBGs(early biosynthetic
genes) 24 e ot o= sigtE A7 Ao BEF EoR #HEo] o
z7]9 ke o] o] Fojx T} 51 DFR(dihydroflavonol 4-reductase),
LDOX (leucoanthocyanidin oxygenase), ANR(anthocyanidin reductase) g
UD3GT(UDP-glucose: flavonoid 3-Oglucosyltransferase) 32 %<&  LBGs(late
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O 3dxke] HPLC % LC-MSMS

biosynthetic genes)= EBGse] @& o] o]Fojx & vz 2&HsH QFEAold 243t
A 7R HbEE gidstal Qlth LBGse wd e MYB-bHLH-WD40 A AME-3HA)
os] 2HEH, o] HgAe FAL dEA A

2AubA el EQE BA §FE Awe madd ARYOR s FF AR 7]
£ g% Wd BT 5 3

%‘ = = P =i = <
o]&3tH, @7zt F2 FHAS AT F dS B ofYe} & FFo] o A
S FLS FHT F AES $4T 5 Q] dEA 1REA EFS AL 9
3 =R AgEHI Ak 2B $EUFS WA, £IF, 7o 2], Fo4 Sol
o] 214 2 wel 7]

B Aol AFEF WA MERPCOE WASERAN $4 2 Argon A3
F Aom Al W de] Ao HEF FHOR SEAole] Fisd Be A%
e ee AT A el ¥ R

TS
BolA F 13709 <dEAod AEES 0 & F ddrh. o]Fod+ cyanidin 3-
(feruloyl) diglucoside—5-(malonoyl) glucoside <} pelargonidin 3—(caffeoyl)
diglucoside-5-(malonoyl) glucosideE X3tstal JAoh WANALE Y = 7|E
FAFAAN g ZEEH v & BHks o $EE= Aol AYaL, RPCC L9

S S A~
BA% F9 5 9

%2
ay

<E LA F(RPCO)9F 25uiF(GCC)E] HEAJobd =4 3 o>
No. of Pigments Trivial Names RPCC_IL RPCC_OL GCCIL GCC.oL

1 Cyanidin 3-diglucoside-5-glucoside 026+ 000  0.04+005 ND ND
2 Cyanidin 3-diglucoside-5-(malonyl)glucoside 174023 029+023 ND ND
3 Cyanidin 3-(feruloyl)diglucoside-5-glucoside 0.19+0.01 0.00 +0.00 ND ND
4 Cyanidin 3-(caffeoyl)diglucoside-5-(malonyl)glucoside 193+£023 026019 ND ND
5 Cyanidin 3-(p-coumaroyl)diglucoside-5-glucoside 034+£003 013+0.09 ND ND
6 Cyanidin 3-(feruloyl)diglucoside-5-glucoside 076+0.09  0.08+0.06 ND ND
7 Pelargonidin 3-(caffeoyl)diglucoside-5-(malonoyl)glucoside 5.66+060 081 £058 ND ND
8 Cyanidin 3(feruloyl)diglucoside-5-(malonoyljglucoside 1263+137 219+1.60 ND ND
9 Cyanidin 3-(feruloyl)(feruloyl)diglucoside-5-glucoside 125009 019014 ND ND
10 Cyanidin 3-O-(sinapoyl){feruloyl)diglucoside-5-O-glucoside 041+006 0.16+0.12 ND ND
11 Cyanidin 3-O-{p-coumaroyl)(sinapoyl)diglucoside-5-O-(malonyl)glucoside 192+012 061045 ND ND
12 Cyanidin 3-O-(sinapoyl){feruloyl)diglucoside-5-O-(malonyl)glucoside 355+026 124+092 ND ND
13 Cyanidin 3-O-{p-coumaroyl)(sinapoyl)diglucoside-5-O-(malonyl)glucoside 1.68+012 077061 ND ND

Total 3231+284 1017+ 1.69 ND ND

RPCC-reddish purple Chinese cabbage; GCC- green Chinese cabbage; [L-inner leaf; OL- outer leaf; anthocyanin content-mg/g dry weight.

T8 RPCCe =4 w3 (GCC)] AAA dloly EA o= 3345 7H
H §42 (DEG)E 2338t 32395 7l FAdxE w3t DEG

fil
o

o) ‘}Bﬂ;i-}_(li ul &
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EE@' s}

= 218 AARRIA (TF) #3822 47 7|sd oz 5435~ A
ATk AAHA dlolE el A 22F A=l A AaA B A=l FHAE 6071 A
watdlh ol 59 YAFDEGR) ] #te]E RT-gPCRE 37, 657 R 9572 wjFolA &
A 9 in-silico ®olE )l HAMAl HolEHE &<l vk ol& & 35 /M= GCCHG

RPCCOA o =2 AA &5 YWetHu (R o] o @,

Kel
e
3}

R84

2 1 &3

a. 100 b. 14000
]
B , 12000
E 2 10000
£ 60 : 5 5000
2 GCC ok
=]
40 = RPCC s 6000 : :
: 7 4000 -
20
- 2000
" g —- -
GCC RPCC GCC RPCC

>100 w>10 w5t 10 wlted

MYE_
related

GCC Vs RPCC

<219 1. RPCC9] HAMA ©lo]E>
a. EFFAA ARl mapping¥ transcript®] %, b. AR LA c. FAP o] E F
Ay, w7w 5 (RPCC)9F A8 (GCC)Y differentially expressed genes (DEG), d.

transcription factor families in transcriptome.

O DEG %2 KEGG A& BAoz 7|53 EA Attt 28 GOY A9 20 7 ZE33k 1
& g¢ste] agoz veEWt (18 2). BP (biological process) ZFE| ] o]l A o H-
9] DEGT ‘“response to chemical stimulus”, “response to organic substance”,
“response to endogenous stimulus”, “cellular response to chemical stimulus” %59l
Eote Zo® UEWT S EAE olF F 2 A fAATE “SEAobd, o d il
A R gAY A7 Bt Aoew YERT “41% e’ “phenylpropanoid and
flabonoid”, "L-#d &ebd o] o]3t 2HE B A} A" Bl "2 ZpSof Whgoll yhol s}
= Aoz Yehyth vlA7tA 2 MF (molecular function) ol A& w9 Fx#k
7} “DNA binding”, “transcription factor activity”, “sequence specific DNA binding”,
“calcium ion binding”¥ #HFo] AUt CC HFolA TS DEGE “extracellular
region”, “cell wall”, “external encapsulating structure”, “plant type cell wall’°l| 3] %

At
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No. of genes

<21¥ 2. Gene ontology (GO) analysis of differentially expressed genes (DEGs) between

red and green Chinese cabbage.>

KEGG enrichment #41& %3 DEG o “biosynthesis of secondary
metabolites”, “metabolic pathways”, “biosynthesis of flavonoids and phenylpropanoids”,
“metabolism of fructose, mannose, starch, and sucrose” 74 =0 #odl+= FHA 5]
A3t o] A= AL Fol st (2™ 3). =3 “organ development”¢t 7]E} “plant
growth and development”®l #3t= FHAAES] wd ko] v Yelds g2lstd).
o] 59| P-valuegts 7I+o8 FXA3F HolHE & ®7|e7|HY, tolHE © 47
ols] & F ULF: ZF WFHEE d9 Mz A7|2 AN#E sto] ®7] st (LH
3).

. P-valuegh(d 5+)

#Term Database 18} Input number Eg:_kground UM b value gorrected Pvalu
Plant-pathogen Inyece paTHWAY brp04626 53 290 723614 7.44E12
teraction

Ribosome KEGG PATHWAY brp03010 71 585 2.26E-10 1.16E-08
E'j;g’””“j bioSYNt ecG PATHWAY  brp00o41 12 49 6.53E-06 2 24E-04
Glucasinolate bio o pamiway brocooss 7 20 2 25E-04 5 78E-03
synthesis

DNA replication  KEGG PATHWAY brp03030 16 112 4.47E-04 9.20E-03
Mismatch repair  KEGG PATHWAY brp03430 12 a4 5.03E-03 7.65E-02
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// 2. Phenylpropanoid pathwa
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e. Late biosynthesis pathway genes
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‘Cranins and Peargonidius
. Teansporter genes

el
&S 2l Ak (R* = 081 (13 5) A o2 FHA wde] fAe

=
S transcriptomeo] A <13} T}

R? =081 .

qRT PCR_log2fold change

RNA- seq_log2fold change

<19 5. RNA-seq¥ qRT-PCRe| Ja#adA 4>

)

O CRE (Cis-regulatory elements)©= %4 f2#}e] T2 W HA TFA tfsk A3 F-9lo]
t}. CREZ A W37l 93] 22 /he S23 ABGe ZT2RE 95 435U 2kb
9 up-steam HAF A} F9] (TSS)e] 4FE FE33 New PLACE Z2afo=
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el
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vt (1% 6a).

MYB, bHLH, WRKY, bZIP ¥ Ap2 / ERF TF o] w3 2
gto]l 7hd @ttt o= thE AFolAlel o] RPCCAAA%E MYB % bHLH CREZF <F
FAA HEHS 2HES YERIT

! = BrPAL1 [
g BrPAL? = |
( PBGs) -
i BrPALS
BrodH T -
BrdCL2
bHLH BrcHS |
MYBs AP2/E — BrCHI ||
| EBGs | BreHIl |
bIIP - BrF3H O
- BrF3H T EMYB
A - 81 - B . s0FR P LR
| ! | | \ I | T I T ] BeLpox T WRKY
0 05 10 15 20 25 30 35 40 45  50kb BAUFICT e =hZIP
BUGITHB2 T = AP2ZERF
BUGISCLL e
l,f — | BUcrsa: =
‘LBBs) BUGITSD2 o=
N Tz
BriMAT o
Bralll o
Brar-z BT
BrIT191 ==
Brrr192 T

=

w20 30 40 50

<9 6. StEAJobT A {12 (ABGs)2] AXEAE 2] promoter F-$lolA oS5 =
Cis—regulatory elements>
(a) Example of plant gene organization and important cis—elements in promoter. (b)
Number of each type of cis—element identified in ABGs. P, promoter; E, exon; I,

intron.>

O <tEAold AFA FHA} HAF A Ao ZEES st EHA B4S 73
sttt (29 7). 2 F 37 MO B rapa AR =T ) 147 Mo SAAe} A5
Zg 3kl JSS HoFdu. ol MYB757F MYB90, SMAT, TT5, AGT, TT4,
UGT78D2, TT19, DFR ¥ UF3GTE# o283t tEAold AFAHS HX3E
2 gAY = Aow yewt ¥ 719 LBG (DFR 2 LDOX)7}F PIF3, MYB32,
HY5 2 TT2 9 2+e TFe| o8 %d A2 A3 9 on DFRE TT8 TFe 9
3 ¥Hom AW AS5S UERUTh o] A3e TF9 1 24 FHAE AdEA Y
AR B AR, BEy A gixb Ve 22 VE 7l 24 Fad 9¥s §
= & 5 Aanh ofes e Aol A, 4del sttt (nt. J. Mol. Sei. 2020,
21(8), 2901).
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ez 22 w7l 24e FdsAdY (2" 8). 4 23, E SNP= A

(RPCO)E 718t =4 wj5=(GCC)et 2ol 7Fed= &<l skdlar, o +xd#kek SNP
E‘ﬂ =4S stk (s 53 Ed , 10-2020-0110475, ‘#7324 w3 7§ A

& SNP mtA 9 o]e] §&7). 5 /gt viAE &&ste] 1AFHANA BF5)
J= AT w7 R Al @&kt v A dd el

o5 WA Ao} Qi FAAE UAMNE AIADAN  Wolh dEAE 24}
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HpAE - CSR5,CSR7,COR45,CSRAG

ol

KN
T

“co1f1”~“co5f1”

=z}
=

5)

Alg EHE DAA

A9 7154
Agel FHze o=

S}
=

L210
“C06-1"7C10-1"< 1272 (MEAZRY Astf As)=

wel Ao A
ol vol2

i

E]

R

(HﬂE‘rﬂli

A=e] Favew 1/8

FHOE RS A5,

O wviolaxanthin, antheraxanthin, lutein, zeaxanthin, B-cryptoxanthin, 13-cis—B-carotene, a

—carotene, -carotene, 9-cis—B-carotene ¢ & JlRE|wol= EHFES Frlsle] B
At Zrzhe] shako] HEFQh L2103 1272, F A% Fhol A thekst AR gk
> > SUR=)
of ApolE YElWon, ZAYEE Aol7F S YERHT EE AdEo] g Wl
o =) —
453 BA (3£2).
% 2. #FolA JIEEH o= &4 (mg/kg, dry weight)>
L210 (high beta type) 1272 (low beta type)
C01-1 Co2-1 C03-1 C04-1 C05-1 C06-1 C07-1 C08-1 C08-1 C10-1

violaxanthin 11.891 12.850 74.513 63.299 7.675 30736 1.203 17.574 31.526 0.860
antheraxanthin 3.031 2.512 22.926 23922 0.791 2.530 1.032 1.069 3.697 0.322
lutein 52.301 81.555 164.612 124,248 102.738 93262 61.247 57.070 105.954 46.380
zeaxanthin 3.815 6.519 8.318 6.789 7.340 6,539 6.948 4.802 6.928 3455
B-cryptoxanthin 0118 0.187 1.176 0.844 0.379 0.160 0.560 0.445 1.623 0460
13-cis- ﬁ- carotene 0.097 0460 0.248 0222 1.050 0.268 0.917 0.430 0.299 0.402
o-carotene 1439 8.978 4,694 2735 11.890 2.885 10,033 1.143 2439 2871
B-carotene 5.879 27.075 24.579 12.651 52415 15.064 16.600 4,054 11.651 13.031
9—cis—§3—carotene 0.989 80.766 3.399 1674 5409 2.999 5.771 1277 2.330 2810
Total* 79,759 | 220901 304.465 241386  189.787 154,443 104.311 87.865 166.448 70.590

O HEZIEZE 13FAY F8 Fos{e (7162 et 13641%F) oA FtRE| o= AR B2 o
2 7} Ale A g A4S 918 Anrr & Foloh Edk kst oA LR H
o= AEZFAIE & 7HS Aurt A Folg =5 8% AsE FAAXS B
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.

b BAL 98] A8 o golth

AaAHEAZE) 137 A F242 A= ZA

(1) Genotype by sequencingS 93 #olB g A

@)

@)

HEHA R 8 A%S &&ate] AP F, J(7162 Jh) 2007 A FelA A7k
doZ FTAE FHI Fye F 136 Aol ol &&3te] Genotype by
sequencing (GBS) W oz 47144 7|9k e virlE Adste] A A= A4

of &gstarat ot

ZF 13671 A== GBS ]E Al & A Fste] A7IAE EA o AFESEA Y. glolH g
AR 28 49 72} ZF Algol A7 ES ¢ = adaptor: annealing 3t
[e]

71
, ApeK1l Asta = 74]%“% A3l & adaptorE ligationS

aL sto] E3Hh °ol& Al
£ pooling 3t AAS F multiplex PCRS 3to] AASIA Y. 2 AlRel FAAE A
stgaz ddslr] fst g4Adudt S-S Jdagst & A g s whgo] AAIP=AE of
Zk2 22 Aol H7]dE sto] SRlstE dde A S FSIT (29 9).

AN &57F 13670¢ld), 3 A plate®] F=7F 9670 = A EFE o] 9loiA 270 plate® F 7] A
B9 oyt . wEld GBSE dlolBeeln 7Hz 2R wEa, 9 g B

| ¥4 A3E HU3 Swstax Z} plate?] golPElElE 27014 eI, I T
Adrete]l @71 A &8stz ek gl

ob 2 onf oy

T
mlm >

GBS #holEelgle] A7IMd &4 Hdoll gholBelg] o] qualityol]l thshe] A4S Alst
= A

Sth GBSE WHom A dAAM 12A FES= SNP v S P e
24, golBHyEE Axe MUt oT Fojx BXdE ATtEsr HIB FE Aot
i, ols o] SolAor FRHNE=AE Felstaal stk 1.5% ofr= A 200

o Xx Flod
é S O x E}’
Digest DNA with RE Adaptor ligation
- —
' .t____.. i
» = —
= e »
—
Estimated Time (24| 2} 3048) Estimated Time (OfN) Estimated Time (3A1 2 1038)
- Reaction time : 24| 2} 304 - Reactiontime : OfN - Reactiontime : 2A| 2} 3048
Hand-on : aA| 2k - Hand-on : 4o Hand-on : 4o
Pooling and
DNA purification Multiplex PCR Agarose running
o
Estimated Time (2A|ZH Estimated Time (1 A| 2} soif) Estimated Time (453%)
- Reactiontime - Reactiontime: 1A| 2} 208 - Reactiontime : 253
- Hand-on : aA| 2F - Hand-on : 308 - Hand-on: 208

<29 9. FelEH Y A >
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5 A7} 200~500bp 7] Yol A smear A UEIYE Aow
XS, g 250bp 7] 9
, ol gelryE st 97144

O o7tz A 7|43
Hol Zdl ©wHE9| (partial digestion fragments)

Aol A Ze GAHE FEsb = dEhde B 5
# F 9tk EF PCR AHEE AA

q3tstAl AEHASS &
So 3] primer dimer o] & AAHASS &2 T 5 AT

o
3
kl

wAg sl

(purification) 3F
(¥ 10, =9 11).

LI =

P =

2" Purification 5

-]l
r
\

<1 10. 1% plate ZFolB gl ME, AAF Az}

274 Pyrification

-]l
re
\

<728 11. 2" plate golrelg] AME, AAFT Az

He 87 99 A
(24 12, 19 13).

2 o5 Fol 1%
=

=P8
Rue

O ©°]% Lane 1, 291 GBS @olB & & E 1% plates} 2" plated 714 &
ksl ar, o] 59 AH$HA S 2100 bioanalyzer image® A &Hel &} th(
708 grolB e 7t BF @rIAd EAC AEIE vErEY 2=
plate G471 <E A4S daide 294 2olB g =, 2™ plate 4714
= 29A golB el E AEsiilth

/ f £ K #

%
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<719 12. 1% plate gtolB.2lg] A E, bioanalyzer® QC 23>

k

<19 13. 29 plate #tolB.2lg] A E bicanalyzer=Z QC Z7}>

(2) Genotype by sequencing WH o2 golB g H7|HE doly AL

O Illumina HiSeq X ten® paired-end read & Q7] L4E& £ Asle] dlo]gE AT

(3 3).

<E 3. S A7IAE golE AR Qok>

No. of GBS Sequenicing file No. of barcode  No. of sample ~ No.of reads ~ Avg. length (bp)  Total length (bp) ~ No. of demultiplexed reads (%)

C-cabbage-1-21 fastq 350,708470 151 52.956,978970

1 % % 678,322,408 (96.71%)
C-cabbage-1-2_2fastq 350,708470 151 52,056,978.970
C-cabbage-2-1.1 fastq 343893078 15 51,927.990,678

o % 9 608,818,668 (88.52%)
C-cabbage-2-1.2fastq 343893978 151 51,027.990,678
Total 192 138 2800411880 701416940 105913957940

O GBS sequencing HIolE = 96712 AlEE HolA st HA7|MES E43517] df&o
A+ A2EeE raw sequence datat™ ©]F FA1S 3] oA, ZHZFe] Almd A=
9] barcode sequenceE ©]-&3ste] A|EHEZ AMES #E8t= demultiplexing 274 <
8152t} Demultiplexing S 3to] 23k A8 raw data EAXE vy 2o 7z
S¥E2 FRI raw datasd H NFE 6743842703, ol H Ho
1,018,320,173 bp ©] At}

<3} 4, Demultiplexing= 3l #2|3t AJ59 raw data 5 A *|>

ri'ﬂ

A = = D E

| AVG | 6,703,850 1,012,282,825
| SUM | 1287141076 194,358 302,476

0.GBS plate 1.BarCode 2.Sample name 35”[:;:: T 4'??::: Ire:;atsh of
|1t CTCC CP1 12.014.254 1,814,152,354
[1st TGCA cP2 2,688,548 405,970,748
|1st ACTA c1 24218462 636,987,762
[1st CAGA c2 377,478 56,999,178
|1t AACT Cc3 11,303,136 1,706,773,536
1st GCGT c4 16,771,784 2532539384
1st CGAT c6 10,014,408 1,512,175,608
1st GTAA c7 : 3,881,506 586,107,406
st AGGC c8 12438572 1,878,224,372
[1st GATC €10 | 7.921,820 1,196,194,820
| 1st TCAC 1 10,300,508 1,555,376,708
1st TGCGA c14 4256072 642,666,872
1st caoTT €15 9,650,966 1,457,295 566
1st TCACC €17 17,876,252 2,699,314,052
1st CTAGC c19 26,964374 407,620,474
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O Barcode sequenceZ ©]-&3lo] demultiplexing #}AES #Ax 4& MEW raw data =
barcode 2 adapter sequenceZ A|A3d}il, sequence quality trimmingS 33T
Adapter trimming< cutadapt (version 1.8.3) X213 A}83}3l, sequence quality
trimming< SolexaQA (v.1.13) package ¢ Dynamic Trim¥ LengthSort X =13 -SA}
43ttt Dynamic Trim< phred score®] Wz} short read®] %% £9] bad quality
baseE et YZ9] cleaned read® AHA = AL 35N, LengthSorts
Dynamic TrimollA UYHF B2 base’t & reads AAS= FAES FIsAth
Dynamic Trim® phred score >20<, Length Sort ¥4 -2 short read length >25bp A}
£33t Trimming ©l % A5% FH3I F read MFE Hit 6,285,788 o]3lom,
trimming©] ¥~ % read lengthi:= 704,571,224 bp 11, o]+ trimmed3} read®] Hir 4o

11150 bp ol A2ESH row dl o] E oA trimmimg S 3t 9322%9 9714 YE b

olElE Fnd 4 vk Ei AA doly Fol d¥E HE WEATh

¥ 5, Demultiplexing< &3 A< ¥ trimmed data &7 %>

A B = F G H I
AVG 6,249,093 700,726,561 i 11154 9323%
SUM | 1,199,825924 134539499679
0.GBS plate 1.BarCode 2.5ample name S m'::::mm Gt.;l‘i?nt::edlen:::f E;gmwr;hd: : B'Tﬂm;;m
(bp) (bp)

1st cicc cP1 11.267,134 1.296,831,108 11510 83.78%
1st TGCA cP2 | 2,519,902 291,198,789 11556 9373%
1st ACTA c1 3955478 453,005,318 11453 9377%
st CAGA c2 355,332 39,074,284 10997 94.13%
1st AACT c3 10,605.428 1,221,659,290 11518 9383%
1st GCGT c4 | 15,768,394 1,811,070,610 11485 9402%
1st CGAT ce 9378468 1,073.470,061 11446 93 65%
1st GTAA 7 3644344 417815207 11465 93.89%
1st AGGC B 11,621,244 1,332.451,966 11466 9343%
1st GATC c10 7445028 857,166,232 11513 93.98%
st TCAC c11 9,679,292 1,104,142, 140 11407 93.97%
st TGCGA c14 3,989,116 458,182,833 11486 93.73%
Tst CGCTT C15 9,014,660 1,028.336,277 11407 9341%
st TCACC c17 | 16,758,142 1,921,572,582 11467 9375%
1st CTAGC c19 25243218 2897 146,144 1477 93.62%
|1st ACAAA c20 | 21,508,104 2461854021 11446 9371%

(3) EFFAA AR alignmentE E3F mapping © F+AAY EF
O Demultiplexing@} sequence quality trimmingS 3] &H¥ Z AMZ9] clean reads=
BWA Z 238 AL83te] TFFd4 AHo Alingment 3+ mappingS 3 3}1 ¢}

O EAle Alg-3 4 AR Brassica rapa reference sequence V3.05 &-83}9th

=3
AN

<E 6. FEAA AR>
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Chr. # Chromosome Length (bp)

A01 29,595,527
AD2 31,442,979
A03 38,154,160
AD4 21,928,416
AD5 28,493,056
AD6 29,167,992
A07 28,928,902
A08 22,981,702
AD9 45,156,810
A10 20,725,698
Un-anchored* 56,564,952
Total 353,140,194

* Un-anchored: scaffold 1,1037}| Z0|2| =%

O A8 Hito = 7628370 7F F=-FAA o mapping ¥ 3L, mapping¥® 32 3t deapth
= 25287]1012”4 |59 TR 12.837HAth AFE mappingd FHe FT Hole= H
o] 19,817,361 bp ©] o™, mappingd FHe Hitr Zol= 24544 bp Ak 4 Alad
2 A dlolele] ®F A A genome coverage: Hifo] 56118 % th.

<% 7. Zt A& mapping A %>

A M oomee| woam| aeml  wsmf sl w  smm| swes  wm  mm[  sa | wgme | usu 56118
SUM e | o | (s Tdsamen 1767280 | 1090021359 13210 SRR
ot length of | 7.Avg, ength of T Percentof vy death| T o ngth | g gt | 17
35um of raw | 4Total length of | 5.5um of trimmed Bl NG00 e immed/Ran|  Qsumof | 10Na.of RO | o, of T oo depth of il 9. eng e
(.GBS plate | 1.BarCode trimmed reads | trimmed reads 3 mapped reads .| of mapped ! of mapped | of mapped Genome
reads TBW redds reads (%) trimmed reads | mapped reads mapped region i mapped region : ;
(bp) (bp) ) fegion (¥ # tegion (bp) | region (bp) | coverage (%)

1t falia o | ipaTszIe | 2T | 1296831008 1110 1 NI 1046646 y 03053 314 wal B wau B

st T6ca PN L M | 217 1135 2508502 2384700 y §838 1575 LAC/ S T wn 4154

Tst e | esmTR 3| 3053E 1145 : 30541 36030 5 #3030 an e 154009 W 381

I CAGA 377478 6599178 355332 0074264 10957 35533 ElLL ! ki 78 52 3260253 161.18) 092855

i) AACT RAEEAE Y IS 0§08 | 1216592 11518 j 040548 9ma5% 8618 By FIUH I T 101 53457

1d [ e A e 11485 T 1576834 13916206 o BE L R
15t CGAT o | 1simses oTedee | 107347006 11446 I 3R 8561306 : AT 18 aml ATRE wm sen

I8t TAA S| ST ETIIE T S 11485 ] MM 3T ) 57260 020 18| 1670863 BILE IR 1

i AGee | 1w ez | 1332461 %6 1148 ! 2RI Y ! 8417 27 Um0 453 570588

s GATC TGN | 1186194820 T4d5028 857166232 1513 k T30 6,303,137 9 B4 0H 1552 21470120 26041 60798%
Ist TCAC 10300508 | 1535376708 8679282 1104742140 11407 . 8613892 8,365,100 i B7891 347 1683 3200042 26487 65923%

I8t T66A | eseEn 3006 | 4581283 1148 ] WG 3 BT us uE 15 W g

T [€eags oEEE | 1457208 a0MeR | 108362 m.nv‘ ! LT . 004 4 nG TS 453 556097

-~

O Z} Ng3d GBSE AMH readEo] EFH4A AHE 7|$C % mapping 3 A¥7HE
o . 2 T ‘C202'¢ E=FAAA o
= e 2o (2E 14).

=S|
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[ No. of mapped regions —d— Avg. Depth of mapped regions
Aol AO2

350 #xxee

No. of mapped regions

Avg. Depth of mapped regions

Position (0.5Mb) on the Brassica rapa chromosome 1 to 10

<9 14. A8 ‘C202'¢ mapping @ readE9 ZFEFAAW BE>

(4) EFFAA AEE 7|¥to 2 A3 HolHE o|&3ed SNP HE 2 FFX
Z+A4 4 & SNP matrix 343

O Z} Azl A SNP #HZ: MappingS A9 A71449 24 3 AJ57e] raw SNP
(In/Del)& detectiond}7] 93+ Ad3gdo=2x BAM formatd] IdS AAdstH, 7]

& Apgalel EAaaT.

= wF 1387 A B85S 47 ZFFAA read mappings Ed FHI 7}
raw SNPE o|&3slo] w5 1387] A= 7+ 53 SNP matrixs #HAdsha, 2 H
E 33 SNPES ‘homozygous/heterozygous/ 3 o2 G315t

<% 8 Alm¥ SNP 54>

A B C D E F

of of No. of etc. SNP
Barcode sample No. of Total SNP e (r"eaz"r':f:yfg‘;;g"" ::g; S“f:;"g&":’;’:; 0% < rr::g rate < ;c;)s
CTCC, AGTGGA cpt 36,425 20,030 2,649 4,746
TGCA, ACCTAA cp2 18,908 14,401 1,629 2,878
ACTA, ATATGT ct 24718 13,788 4577 6.353
CAGA c2 2,083 1446 304 333
AACT, ATCGTA 3 31,388 16,843 6,443 8,102
GCGT, CATCGT ca 37,057 20,987 8322 8,648
CGAT, CGCGGT c6 40,740 20216 8,849 11,675
GTAA, CTATTA o 23725 13,960 3847 5918
AGGC, GCCAGT ca 32,004 18,967 6,104 7.743
GATC c10 27,180 15,747 4760 6673
TCAC, GGAAGA o 34,658 18,265 6,881 9512
TGCGA, GTACTT ca 33376 16737 7313 9326
CGCTT, GTTGAA cis 30,044 15,727 6354 7,963
TCACC, TAACGA 17 36,880 21,882 6,793 8,205
CTAGC cig 38,024 22,415 7,460 8,149
ACAAA, TGGCTA c20 37,084 20,970 7,683 8431
TTCTC, TATITTT 23 51,386 27,304 10,340 13,742
AGCCC, CTTGCTT s 33,493 18,893 6341 8,259
GTATT, ATGAAAC c26 35,382 19,106 7,791 8,485

HA L A8 SNP Aol kA wegzZdl 18F A AFH Ass F4d
A (re-segeuncing)< 3, H2 2 M= A =

Aol mappings ¥ 3to] mapping F9GS FH AT o594 HolH
mapping & A X+ 3% 93 T



Sample No. of total read No. of mapped read (%) Mapped region(bp)* (%)

L210-3 212,557,470 198,809,715 (93.53%) 328,009,302 (92.88%)

L272-1 189,858,020 178,569,661 (94.05%) 326,980,588 (92.59%)

*Mapped region(bp): Reference genome CiH| read mapping &l0f coverdt= &

12

O AARE ZAE& SNP Auke]]l 2k Re-sequencing 2% 7+2] Polymorphic SNP A%
S &9tk SNP minimum depth & 1022 A Attt A2¥ polymorphic SNP<}
GBS matrix 7t &% SNPE A@sial ofeff 29 o0& SNP dH A S T3t

<3 10. % AZol A polymorphic SNP >

-

No. of Total SNP BE ¥5 No. of SNPs
Polymorphic Homozygous (100%)* 363,842
Polymorphic Heterozygous* 13,845
041213 Non-polymarphic loci* 149,612
Ambiguous loci* 159316
Unknown loci* 44,451
Depth filtered loci* 210,147

* No. of Total SNP: + AZ2] SNPE &3 Total SNP matrix3},

* Polymorphic Homo loci (100%): H] A& 7tol] 5 SNP ol A4 A& homozygous type
9] polymorphism< Hol= 4-5.

Polymorphic Hetero loci: H]2A}Z Zlol 5 SNP oA A= heterozygous type2]

*

polymorphism< Ho|&= 749

* Non-polymorphic loci: Ha A& 7tel] 5Y SNP FHol A U3 genotype 91 45

* Ambiguous loci: B A Z Ftel] HU SNP oA F+ AMZE 5 el V|eP fdo=z <l
3l polymorphism= 21s}7] o8 45

E=4
Unknown loci: W] A=

*

polymorphism< 3+¢13}7]
Depth filtered loci: B] 244

=] [e)
Kok A9

e )
5
o o

*
oY

ol

o Y SNP #Hol A ‘read depth >10 ZH& W=3s1A

O BX fFHdA AFEA dolgolA AeE polymorphic homozygous SNP 363,842 3+ <]

O Fx A% FHAA AEHo=z A SNP 363,842z H (1387 Al &) A AAI S
GBS dlo]E 9} =3 SNP matrixE 2 skt

<3 11. polymorphic SNP 4149} 3} filering>
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2 oA L No. of SNPs

1 GBS Total SNP 284,213
2 Reseq, GBS &5 SNP X+ 59,651
3 Reseq, GBS H|O|H W 2 &Y allele* 59,428
4 Biallelic SNP 59,420
5 MAF > 10%* 51,323
6 Missing data < 20%* 9,636
7 Missing data < 20% and MAF > 10% 9,312

*

Reseq, GBS &% SNP z: B X FHAAAEA dolgoAx A% Polymorphic homo
SNP (363,342%})¢2} GBS Total SNP matrix (284,213%}) WA 5 U3 SNP position©]
gely =

Reseq, GBS dlolgH W HX =< allele: Reseq, GBS &% SNPA FollA Reseq¥
GBSe w3 HFRAE 3 22 alleles ZH= 4. GBSY Ao+ 224l A=

A3

*

*

MAF >10%: 2} SNP ® minor allele frequency”} 20% Ht} & SNP=
Missing data <20%: Z} SNP ® missing?] M= 7} 20% o]l SNP

*

O "3 Reseq¥ GBSE E33%F 140784 matrixol A At# Filtered SNP 93123 & o] &
3lo] linkage map #1738 SNPZ A 3}l o]& SNPY %&=FAA #+x& v
Fdge

350 #1es

No. of SNPs

P Tl AJmnmultil « it -

Pasition (0.5Mb) on the Srassica rapa chromosome 1 to 10

<19 15 A3l SNPY ZT&=FHdA £1>

O HFdx A% #HAE SNPE Adrstizt LDEAS 335kt LD
LD block welA Axdt®El SNP 1,332z} LD block W X3%A ¢
3,0637 ¢ matrix A4 3L linkage map 2H & SNP ZEE ofgfj ¢} o] S8 &t}

<E 12, FAAAE 2dE SNP A 3y 2 of>

2E A EE ¥5 No. of SNPs
1 LD block filtered SNP 3,063
2 2 >005 () Mg 1,849
3 Identical SNP 2095 H|H* 1,807

x x2 >0.05 (xx) Ak F29] o= Egv](1:2:1)2 chi-square testE G335},
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significance levels = 0.05 =02 Aty =
* Identical SNP >0.95 #| A: A& t}t& SNP #} 1+ FA=7}
Ao A A 9] g

Hl

O Genetic map 2Hd S 98] 49
2] o

PN K=

o] & 7t FF SNP %
Y, minor allele frequency, missing data, LD, X, 35
A& HF ZEAAE AR 1,807 SNPRE A3} o
Abgato] FAAA = EA ol &EE o Holth

LN |

=
X o
=

[e)

=

(54 3]
54 AL AAA 2

o O}E/\]O}H BEse] W

7

=

CuH

N
_

[P

I

‘ %0, rs i
[,

oL T

2~E# 2 Y —g— of taiA %=
2+&-o] A B-box (°]3} BBXE
sho), weta 2 A A Brassica B-box %A} ;1
1 2o 4] BBX A} 212k 1) = 2719 N-2eho] B
ANME &9 45 BBXe 4 & FA 2
2 CCT =w<1(COL-like/CO
9% 9t

A& 4 BBX =Rl A8k A A FFxo
Atk 4271 w= 4370¢] ofbml
T 2 Ar 2d Fasit. oy Fde 4
4= 93l o]5& AtBBX1-322 T 3lth

ma gAl e aF -V)eE B 4 9

ED

T+ TOCI motif)&

B

we

7 Ao
% CCTe] S
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Aow FAE IER HER CCT
39 3271¢] BBX

°]E 32 BBX

9%% ol %L 8-+

’

read depth, biallelic,
Aty fAAAE

g ol

| 83}o] joinmap

=

% otuE, B-box AAFA HAQIA

Meheh 2o st Ae A 24

o] Hri T 1T of

W) d3= Agdoe=z ARy B
”‘Zﬂoﬂ EH‘GH =

=
=

2 (BBX1,

=]
S A =}
4 2+= BBX



Group I
GroupI
Group III :m
Group 1V
Group V [:m

a9 1. 7% 2¥E BBX ©

O o AFeNA WFi o]

435k 3% %A (Brassica rapa, Brassica oleracea,

Brassica napus)ol4] BBX £#¢} 7|4E ZA}3F3Itl. Brassica rapa (BrBBX 4%},

B. oleracea(BoBBX)oll A+ Z}ZF 51, 52 9] B-box %
napus (BnBBX A Ah)e A= 101702 BBX familyS

=L
s}
o}

942 Amgss FA4E, B

R

O % 1. 3579 #dAdA BBX §#dx 29
B-Box
Species Group I Group II Group Il Group IV Group V Total
A. thaliana 6 7 4 8 7 32
B. rapa 8 11 6 17 9 51
B. oleracea 9 11 7 16 9 52
B. napus 26 13 22 26 14 101

O HjF3}&o)| A Brassica BBX ¥l ke] st wA¢} 7|54 ztol& HH st

BBX fd#pzte] AlSEAA #A, REFS, T

=z
’

F
t
o

rapa BBX, 5270¢] B. oleraces BBX, 101709} B. napus BBX w1 =
A. thaliana BBX A€ R E AlEslo AlsiAS T893, 29=

HAG (2" 2).

19 2. B. rapa, B. oleracea

)
=

B. napus BBX %=}
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19 5 B. oleracea BBX F#A A7k W

riN

dA, FF, BEH 14

O 1% 69 4% B. oleraceaa £¢ BBX F3A7Fe] REQGSH, % BHE 248 573

3 Ao},

O HiF3 ZEA B-box F3A side e 34 A (synteny % orthology)< ©]H|
A (B. rapa(A Alw) 2 B. oleracea(C Alx)Ht FFAMIA|S]l B. napus (AC Al)ol
A Brassica BBX &%o] & A& & & A3, o] T8 AL FF FAZ KA

o},

O A.thaliana, B. rapa, B.oleracea, B. napus, 4% 2] BBX<]
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19 7 B. napus BBX FAA7Fe] HEGY R OREH BN

BBXe| T3t EA Tl A AEeo AR
q

=
94 BA Wk ohuel o AR L WA
=

CHE TR 71ed EE Y R IR E AJYEE FHAAT 24
grarQlel A gtel M =gt Aa 2w T sl wiFs dibHoR ddd A4 =
55 7 992 FASEA B 548 wa 7 hEe] ol W =ude] 5
golth, =& ATl &b wFol= Aold of 7F2Ekol=, SF A=

J wol=7}t

A AEo2Z (Wills and Rangga
F SHg MAaE Ao A whRA L

A, weba) AFe) sl Aol WEA 4B Akolth (Nisar, Li et al 2015). @
A FFEEwol=E 6000 Fof Y3m Lycopene, a-carotene, B-carotene, lutein,
cryptoxanthin, zeaxanthin ¢} 2 AEEo] £3th 1545 AS JIR2Hwol=&
013 3}

o
JEA o] defzols wro] PFae @ dwHo doen Awol FeAde € W BHx
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Az Bl ddUuAE FFstal ol3ls 4R &7 9SS g =3 gk Yoo
UAZRE AEXE HEsE 3 BHE 75X ) (Park 2020). 582 7F2E w0 =E
Aol A5 vt & 7] "ol S4ES &3l AdFserRt sk, oy 72
wol= nlgwl Aol AFAR F ALL GHFm A7t V)5 BLS Fo E4 3
o] faflet JForHE & AEE B3 93 3t Aoz 434 Jdu

W7 7HAAL e 1A AR FAA JtREH=oE AEE)S FAMskaL, o]

o
golshs f44 298

Kl
7 A ol &

=
o) 1 FtzEeel = AgAel wolsts FAAES Folnm, 74 E@Fe] o
Fe FAMFONA ol FAAT WAEES 2T

Type of color Tissues
Owter leaf
White Larntina
(CSR39) Midrib
Core
Juter leaf
Yellow ek rI.-.:I
} Lamina
(C5R144) Midrb
Core
Chuter leal
Dark yellow-1 Lamina
(€ '*iii:l‘i ) Midrib
e - Core
Oniter leal
@) Dark yellow-2 Lamina
(L210) Midrib

Core

a9 8 FulR e Beae UEhe AR

O WF WEA 8FL w=Ad BAF F 70-90% AAF FHFAA] AT wjFe) A

S ZA}e9lt}. white genotypedl HlF 2%, vellow genotypeA i 5= 50, dark yellow
genotyped] Wi 20% Fo 7+ A hE A AR 3 =& HAASYT. F UE
Aol kA S 7o 1) white, 2) yellow, 3) dark yellowfl 4) dark yellow-2 <!
F= FEsga, o] Al® CSR39, CSR144, CSR45, 1L.210 A= iEA 5= A

v &

iy }Oi‘jr.

75 Hj 3= Al 7]l ]JL% AFA S 70 °Coll B39tk White genotype< 73 324
ow FFLARE Bol AMEHE= A4 wiF (ev. Kenshini Brassica rapa ssp.

pekmenszs) Sl CSR39%, vellow genotype¥} dark yellow genotype< FH 4 o2 5
4% EFow 77 CSRI47 CSRASS ALgatsth F7hH oz 48 A% HasH o
o] W7t EE 18 EFE AT 72 Alg= 2 42389 outer leaf, lamina,
midrib 18] 3L corefES AbEste] 3W e AESTA drEo o5 FHEAT (T1¥ B).

7zt Aol AEEAS UPLC (ultra performance liquid chromatography)sS 83}
T3t CSR39 (white genotype), CSR144 (yellow genotype), CSR45 (dark
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vellow-1 genotype) 2] outer leaf, lamina midrib¥} L1210 (dark yellow-2 genotype) <
outer leaf, lamina, midrib, core %2l & 13709 %2Z & 7}A 1 UPLC 4<% 3t}

OF&E cell(22 mL)dl cellulose fllter(Thermo)—% T2 & FZF8§  cell thimble
(ASE-Non-Stick Thimbles for extraction, Whatman)oll #Z2d% A& 05 gJ"Jr TZEE
(ASE Prep Diatomaceous Earth, Dionex) 55 g& Wol &33 5 F=
collection vial ©Z Alg FE94L& IYZ FHA &A A& &
LV*Biotage Uppsala, Sweden)E ©]&3] 60C &% FE4dA %S APttt &

% diethayl ether 20 mL& 7}‘611 FZE9 23859 10% sodium chloride 4 mL<

27 }aﬂ Azt BE3l¢la o] 3 29% sodium sulfateE 2mLS FH7bs] 2389 o
Zkzy A R 33] o] Mttt E8o] vd A FEES AATFHIIE o &5t
=S ANFeA LC grade acetone 1 mLES FH7Mel A &alste] 0.22 um syringe
filter2 o33k 5 UPLC #4]& vialo]l ¥o] 418 $33it}.

O 7171 Waters ACQUITY UPLC (H-class)& Ab&3tdth &8 &%+ 35 oC& AA
HAow AL &y 2k EujA: (acetonitrile/methanol/dichloromethane (65:25:10,
v/v/v), B: o, Gradient =712 o5 2t 0-65 min, 30% B; 6.5-7 min, 25%
B; 7-11 min, 25% B; 11-11.5 min, 30% B; 11.5-17 min, 30% B; 17-17.5 min 0% B
175-275 min 0% B; 27.5-28 min, 30% B; 28-30 min, 30% B

11

. Total Carotenoids Contents
(mg/100g)
210
180
150
120
90

60 o

0 —
CSR_39 CSRE_144 CSR_45

® Outer feaf ® Lamina Midrib Core

713 9 CSR39, CSR144, CSR45 2 1.210¢] %=24¥ 7}2E] o] = $}ak

O wjF=ol sjgst= 7hRE molE A FAAE BQlety] fal (Li, Zhang et al. 2015)
9} (Tuan, Kim et al. 2012)2 #3139ttt 71 23 MEP pathwaydl] d1@3stsE 4=
97H carotene pathwayoll al@ 3= 32+ 1071, xanthophyll pathwayel 333t

A= 8= F 6770 FHAAE et
O o5 FxAS AAA Rt AT A WMol fIAE ZASHAT

|

[4
)4
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113
EM

s | 2
: s | E|E|[*
!. é g ; ’ = &
) = = —
i i' = —|
T
a9 10, ¥WlF fFAACA 7R E o= A T FHA FE

O 47hAIZTe] =4 A 2E E&ste] A £45 T3

Sample name CSR-45 L210
Sample ID CER-43-0 Jeafl CSR-43-Lamina CSR-43-Core 1210-0leaf | L210-Lamina L210-Core
TotalReads 28852912 28317439)  32325021| 27784067 31276296) 29142476
TotalBases 4356789712]  4275933289| 4881078171| 4195394117| 4722720696| 4400513876
TotalBases((b) 4.4 4.3 4.9 4.2 473 4.41
GC_Count 2065206926 2064547388| 2302877872| 1985529409| 2249953033| 2081542705
(30_More Bases Rate (%) 953 947 95.2 954 95.1 95.5
Q20_More Basss Rate (%) 98.1 979 98.1 98.2 98.0 98.2
Mapping rate (%) 923 924 90.4 929 914 91.8

O FAPSRE e w9 Azl diste] 7t=Ewol= AFA - FdAtY Fd4
Pyl vt o] AolE Feldtr] A8 semi-qRTE FaA3IATE F 67712 JFRE o=
A FAA F Whlte genotype¢! CSR398 MEP pathwayel &l @3l 297H/] Sl
ZF Foll 11709 @27 @33 al carotenoid pathwayel &l @sts= 10719 A= =
ol A= 7707}, xanthophyll pathwayell sl@3sl= 28712 FAA FAA= 127171 & 5}
2Tt Yellow genotype?l CSR1448 MEP pathwayel @l@dsts= @27 1070,
carotenoid pathway©°ll &9 3+ A A= 67] xanthophyll pathwayoll 813 3sli= A}

= 14707 @ ski et Dark yellow—1 genotype?! CSR45& MEP pathwayoll 3 9 3F+=
%ﬁx} 137}, carotenoid pathwaye°ll &9 3l+= A 671 xanthophyll pathwayo°ll 3%
3= A 16717F Hdstdt). A2 e 2 Dark yellow—2 genotype$! 1210 & MEP
pathwayoll a3 3st= F4Ax 970, carotenoid pathwayel @d133st= 42 670
xanthophyll pathwayell a3 3t= FA#F 13707F @&dstitr. 7z fFdddE =2 So] %<l
AR TS s

O F7F2 AAMA dHeolHol A Alezt, 22zt wddaEe Zol7t = FHAT /e A
Lttt olES &8sty JtEEHxoIE uF wFe S A#g mpA Tl A

g ZFolt}h.
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(A 77 71A) 99 | 299 | 3995 | 559 | 552 5505
w3 BalEy % 3A
pses |BEe Eodew wa| Lo [demaral oo | WEEATE,
A 58] 55 37 93 Zafolw A o gl © 13 2015.11.06 | 10-2015-0155782 0 A3 2017.02.02 10-1704382
= \:x*] O] 9] _%E & . (SRRt
FEQA 2 o) 3
ol A AlE A o) ay How Conta. .
WHEHZY | (Marker Assisted ERSE I e l; = 2018.10,05 |10-2018-0118926
Backcross, MABC) & o
SNP w7712
e &% A4Ag 9w %
S e e § e |REEASY, 10-2018-0118926 | 9 & ¥, 354,
= 0'76{‘5 = | 5 H,%_]cﬁﬂ E]'aé }‘c! \:!]—7«] EH pANE) o A3 2018.10.05. o 115 2020.03.04. 10-2087024
W W Fx gl o83
UHESZEY | & SNP vpA 9 o] 9 o ghel = FEeACT 2020.08.31 |10-2020-0110475
£+= 2 2=
Had
W) Wel g A ey dEE
N s Zh2aA] p| 3= L= o o] Z=A) .
wgsaee | L AT 0T ES ) gens i};; 20210513 |10-2021-0061729
Z4% R ole] §% ong
WE W s A B
) EE A i 5 _ N
AHESEY | & Bds7] flg vA o ghel = R 2021.09.09 |10-2021-0120357
ER S
(&) AR
N N _ e
= ma) & ] 8 Ik
e L AR AR N Qe o5
BHESTE | 5 g 3};} g];ﬁ D}% o gyl = B 2021.05.13 |10-2021-0061729 Ao ondl 2021.12.06. 10-2337345
Ez/‘g;‘{: 1l o]g]“_g.r_' - —r‘jﬂ e mew
- = - o
| w25 aw ) A& o ew Aot
UHES G5 | & SNP vpA 9 o] 9 o ghel = H L8} 2020.08.31 |10-2020-0110475 422 2021.11.30 10-2335126
&= #H5d e
=]
3. &=
=]
=EFHWY AES<=A) AA
=7 1} 5] SCIof ¥
= = N = = T
H3 =549 g2 v - z =13 z
A8 7] (SCI/HISCD
F-box genes in Brassica rapa:
Genome-wide identification, structural Plant Molecular Jana
1 characterization, expressional Biolowv Renorter Jeevan 36(3) vl = Springer SCI
validation and comparative ey b Rameneni
analvsis.
Development of SNP markers for Horticulture
marker-assisted breeding in Chinese . ’ Rl 61(2) . o
p . . Sl | o] >C
2 cabbage using Fluidigm genotyping En\{lronment, and SR 327-338 A el SCl
ASSAVS Biotechnology
Red Chinese Cabbage Transcriptome .
FAREARE]S i
3 Analysis Reveals Structural Genes and Intezr;alt\lfﬁzlcizlr)rnal L]tl ’ 21(8), | Switzerlan MDPI SCT
Multiple Transcription Factors Science ) : /; ’ 2901 d
Regulating Reddish Purple Color. =
Paramesw
MiR1885 regulates disease tolerance International Journal ari Paul,
genes in Brassica rapa during early Sushil Switzerlan )
4 . . . . of Molecular . 22, 9433 MDPI SCI
infection with Plasmodiophora Scien Satish d
brassicae weience Chhapeka
r
Genome-Wide Identification, Evolution,
and Comparative Analysis of B-Box
Genes in Brassica rapa, B. oleracea, | International Journal Sonam Switzerlan
5 and B. napus and Their Expression of Molecular Singh 22, 10367 q MDPI SCI
Profiling in B. rapa in Response to Science e
Multiple Hormones and Abiotic
Stresse
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4, EA7A

EAeA )

e 54 PEERIES Faug gl
L E R E .
1 Wb o) =R TR AR (QHEA oA A g Ao A @l oF Zo] 9l & sAd=
3, FEACR 9749 Wol7t 9le. (2019)
S . A A ma sy gushs AFE Sl AFA A 5%
2 BRI RS AR A A i N 1k SNP, Ir?Del )7 (2021)
5. AR
AFA oz AR(AER)7] 5
55
Sk EA4 F3 71 E}
554 =4 SEHE
1 glo] Z 9l 1 g} f-ulf == STEE(F) | 2017-09-22 BP1347276
2 W7} 28 g -u) 5 == STEE(F) | 2017-09-22 BP1347277
3 SFEAJoISH-F-A Y i FEH(F) | 2017-09-22 BP1347278
4 A g v A el = u] = FEH(F) | 2017-09-22 BP1347279
6. ==Y
20173 = F2 wo] AHAHEE)
HS A 2} ol A nj = o
1 2017.3.7. SK 11,435,550
2 2017.5.15. SK 900,000
3 2017.5.31. DO 4,815,000
4 2017.6.29. FHN 60,900,000
5 2017.07.11. KN 3,400,000
6 2017.07.13. FHN 84,150,000
7 2017.07.24. FHN 68,750,000
8 2017.07.31. DO 62,500,000
9 2017.08.31. SLDN 8,250,000
10 2017.09.19. LS 10,000,000
11 2017.09.19. 7N 1,800,000
12 2017.10.10. SK 2,000,000
13 2017.10.25. IDNS 34,960,000
Al 353.860.550
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20189 =0 A4 B AAQAAE)
HE R} ERE %]
1 2018.01.08 DN 2,500,000
2 2018.01.09 SK 3,386,070
3 2018.02.13 DO 7,500,000
4 2018.03.12 SK 3,811,850
5 2018.03.22 SK 21,000,000
6 2018.50.02 JNS 8,000,000
7 2018.05.11 DO 25,000,000
8 2018.06.11 FHN 122,500,000
9 2018.06.15 KN 5,100,000
10 2018.06.21 SN 6,000,000
11 2018.06.29 KN 3,400,000
12 2018.06.29 JN 3,200,000
13 2018.07.23 SKRS 2,400,000
14 2018.07.30 FHN 73,380,000
15 2018.07.30 IDNS 57,450,000
16 2018.07.30 NWS 42,725,000
17 2018.07.30 SDB 42,425,000
18 2018.07.30 SP 139,350,000
19 2018.07.31 LS 3,750,000
20 2018.08.22 INS 760,000
21 2018.10.30 S 13,500,000
22 2018.11.19 D2 15,000,000
23 2018.12.07 D 14,250,000
A 621,387,920
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20199 W F3 A9 2HERIR)

W3 a2 T A nj = i
1 2019.01.14 SAL 7,623,700
2 2019.04.03 SAL 8.004,885
3 2019,04,08 SAE 17,152,500
4 2019.04.23 FA} 18,000,000
5! 2019,05.03 S2AL 7,148,000
6 2019.05.09 DA} 20,000,000
7 2019,05.21 KA} 7,600,000
8 2019.05.22 NA} 22,540,000
9 2019.06.20 DA} 5,000,000
10 2019.07.02 OAt 5,000,000
11 2019.07.08 FA 300,000,000
12 2019.07.09 S3AE 8,000,000
13 2019.07.09 S2AF 10,611,900
14 2019.07.10 DA 20,000,000
15 2019,07.10 FA} 55,000,000
16 2019.07.23 SAE 4,000,000
17 2019.07.25 N2A 200.000,000
18 2019.10.08 S3AL 37,452,000
19 2019.10.09 NA 58,051,000
20 2019.10.10 I 44,173,000
21 2019.10.28 DNA} 59,336,000
22 2019.10.31 SPA} 37,676,000
23 2019.10.31 S4Ak 100.019.000
A 1,052,387,985
2020 d = F2 v HHUAIE
1 2020.01.23 DAL 7,500,000
2 2020.02.06 SA 13.500,000
3 2020.02.13 I 22,750,000
4 2020.02.15 BAF 7,500,000
5 2020.05.04 KA 7,600,000
6 2020.06.09 SAEAL 10,000,000
7 2020.06.22 DAL 28,000,000
8 2020.06.30 DA} 19,000,000
9 2020.07.06 I 86.300,000
10 2020.07.09 EFA 50,000,000
11 2020.07.10 HAL 40,000,000
12 2020.07.10 WAL 30,000,000
13 2020.07.10 PA} 60.000.000
14 2020.07.10 ZAt 150.000.000
15 2020.08.20 A} 137.800.000
gl 669.950.000

- 157 -



T A 4 AAGHAE)
Nk o ERE e
1 2021.01.10 ZNAL 25,000,000
2 2021.01.18 IRAL 7,000,000
3 2021.02.09 DOA} 7,500,000
4 2021.02.03 IRA 8,000,000
5 2021.03.11 BRA} 11,250,000
6 2021.03.12 DNAF 7,500,000
7 2021.03.18 IRAF 3,000,000
8 2021.04.26 IRA 8,000,000
9 2021.05.14 FHA 107,600,000
10 2021.05.21 IRAL 4,000,000
11 2021.05.31 ORA} 7,500,000
12 2021.05.31 KNAL 7,600,000
13 2021.06.21 IRA 19,000,000
14 2021.06.21 SNAE 8,000,000
15 2021.06.21 DOAF 10,000,000
16 2021.06.21 PSAF 20,000,000
17 2021.06.28 IRAL 4,000,000
18 2021.07.01 DOA} 50,000,000
19 2021.07.01 HDA}L 80,000,000
20 2021.07.05 DNAL 30,000,000
21 2021.07.05 IRAF 6.400,000
22 2021.07.12 DNA 7,000,000
23 2021.09.10 FHA} 5,000,000
24 2021.11.29 FHAF 11.400.000
A 459,750,000
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7. FA
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i
12
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i_{tl
fols
&

2017-20183 FA4=& 4 (USD)

W . =
LS A=A FEITE
- &Y FET FETY
1 R ek 2017-01-11 Hdas
2 w7 25 2017-03-27 RS
3 w7 25 2017-04-17 D
4 w7l 3205 2017-04-27 Hdas
5 w7 25 2017-05-16 D
6 w7 25 2017-06-01 e
7 w73l 25 2017-08-11 ] =
8 w7l 35 2017-02-15 ] =
i 9 w73l 35 2017-04-17 D
123 = 10 w7} 2] 3= 2017-07-27 v =t
2017) 11 [ s 2017-04-17 China
12 [ s 2017-06-25 China
13 Ll s 2017-07-20 China
14 i ey 2017-08-02 China
15 [ s 2017-08-22 Thailand
16 Ll s 2017-08-31 Philippines
17 i ey 2017-09-20 Thailand
18 [ s 2017-09-20 Thailand
19 =2k 2017-10-18 Indonesia
20 w552 2017-11-30 China
21 AEWP25 2018-01-02 R
22 AW 733s 2018-01-15 ol &
23 AFWP25 2018-01-31 Had=
24 AEWP25 2018-03-05 u] =*
25 AFw 712335 2018-04-12 P
26 AFw 735 2018-05-02 | =
27 AW 73235 2018-05-16 ] =
28 AW 25 2018-06-28 DR
29 R AP 2018-08-31 yda=
30 AEW25 2018-10-02 e
31 HEsw73s 2018-10-04 2 o] x| o}
2APA = [ 32 A7} 2018-10-23 RS
(2018) .33 AEW25 2018-10-29 u) =+
34 Ll s 2018-01-12 Indonesia
35 L s 2018-03-07 China
36 s 2018-03-14 China
37 uj =4} 2018-03-22 China
38 =5t 2018-07-16 Indonesia
39 s 2018-07-19 China
40 wj E=E =) 2018-10-17 China
41 =5t 2018-10-17 Indonesia
42 s 2018-11-19 China
43 wj E=E =) 2018-11-20 China
44 ] ey 2018-12-18 China
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2019-2020d FA+2 94 (USD)

=N
it

= O~ = 3L 11 24
Hs TEWH ==q FTE=a Te=u
1 RCC9 2019-01-16 t 2,500
2 RCC65 2019-02-05 IS 5,000
3 RCC65 2019-03-05 = 25,000
4 RCC9 2019-03-05 == 49,600
5 RCC3 2019-03-21 D 8,000
6 RCC9 2019-03-21 Jr 1,000
7 RCC9 2019-04-11 o g 3,000
3 RCC5047 2019-05-14 IS 5,000
9 RCC3 2019-05-17 Jr 3,000
10 RCC9 2019-06-21 Aot 500
11 RCC3 2019-07-05 q=r 9,000
12 KN9042 2019-07-15 S5 2,600
13 KN9040 2019-08-01 TAdC 6,500
14 RCC3 2019-08-12 o gt 2,500
15 RCC9 2019-08-12 o gt 2,500
16 KN16069 2019-08-19 EEn 6,500
17 KN9040 2019-09-19 = 3,250
3Ad= |18 KN9040 2019-09-20 v =t 9,750
(2019) | 19 KN6229 2019-09-23 EES 58,375
20 RCC65 2019-09-24 IS 4,000
21 RCC3 2019-09-30 En 501
2 RCC9 2019-09-30 = 399
23 RCC3 2019-10-11 e 3,000
24 RCC5047 2019-11-12 EEq 2,500
% RCC3 2019-11-20 = 1,250
% RCC5047 2019-12-12 EEq 8,000
27 v 32 A 2019-02-25 EEq 260
2 WA 2019-04-09 S5 5.850
29 o) 3= A} 2019-04-09 China 52,500
30 = A 2019-05-08 China 4500
31 = A 2019-06-27 China 9,000
32 o 5= A} 2019-07-03 Thailand 3,750
33 = A 2019-07-18 China 1,800
34 o) 3= A} 2019-07-31 China 4,000
35 o) 5= A} 2019-08-05 China 89,250
36 = A 2019-09-03 China 33,100
37 o) 3= Af 2019-08-05 Philippines 8,750
38 Wl =% A} 2019-09-03 China 16,000
39 KN9040 2020-01-13 s 260
40 KN13076 2020-01-14 S 5,850
41 RCC3 2020-02-04 s 10,000
42 RCC9 2020-02-04 s 4,000
43 RCC65 2020-02-04 s 6,000
44 RCC65 2020-02-07 s 6,000
45 RCC9 2020-02-07 ol & 2,500
46 RCC65 2020-03-03 ydes 6,000
47 RCC9 2020-03-10 s 1,000
48 RCC3 2019-03-18 B! 8,000
49 RCC9 2019-03-18 SE 1,000
50 RCC5047 2020-04-03 )= 2,500
51 RCC65 2020-07-08 s 4,000
52 RCC3 2020-07-08 Ydes 2,000
axpa e | 53 RCC5047 2020-08-10 )= 14,000
N 54 RCC85031 2020-08-20 Z 2,002
(2020) 55 RCCY 2020-08-20 = 30,000
56 RCC3 2020-09-23 s 10,000
57 KN9040 2020-09-28 )= 13,650
58 wl = F 2} 2020-02-20 Myanmar 18,750
59 e 2020-04-16 China 9,000
60 v FE = 2020-05-14 Myanmar 10,090
61 o] 3= 2} 2020-05-14 China 3,480
62 W 3= 4} 2020-07-09 China 28.988
63 W =4} 2020-07-09 China 6,000
64 o] 3= 2} 2020-07-13 China 9.980
65 5= Ak 2020-08-21 Philippines 14,990
66 o] 3= A) 2020-09-09 Indonesia 100,000
67 e 2020-10-28 China 120,735
63 W 34} 2020-11-23 China 4,000
69 e 2020-12-03 Mvyanmar 31.250
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20213 FA4=E Y (USD)

o ) FE
Ux = FEIE

= FE=Y FET FETY
1 RCC3 2021-01-04 e 6,000
2 RCC9 2021-01-04 yage 6,000
3 RCCH5 2021-01-04 yage 6,000
4 KN9040 2021-01-04 ] = 20,150
5 RCC65 2021-01-25 IS 10,000
6 RCC107 2021-02-08 D 1,500
7 RCC3 2021-02-15 ] = 1,250
] RCC5047 2021-03-02 ] = 3,000
9 RCC107 2021-03-04 D 3,000
10 KN9040 2021-03-15 D 1,200
11 KN9040 2021-04-01 o= 6,500
12 RCC5047 2021-04-07 ] = 3,000
13 RCC3 2021-04-12 IS 20,000
14 RCCY 2021-04-12 Hadade 14,000
15 RCC9 2021-04-29 o) vt 2,500
16 KN19005 2021-06-21 q= 14,850
17 RCC5047 2021-06-29 ] = 24,000
18 RCC3 2021-07-26 yage 2,000

53 % 19 RCC3 2021-07-27 o = 12,000

(2021) | 20 RCC9 2021-09-07 e 2,500

21 KN9040 2021-09-14 D 2,400
22 KN9040 2021-09-14 q= 3,250
23 RCCH5 2021-10-29 yags 6,000
24 RCC85031 2021-10-29 yage 1,000
25 KN9040 2021-11-01 ] = 9,750
26 KN16069 2021-11-01 ] = 4,875
27 KN9040 2021-11-05 PN 3,250
28 RCC9 2021-11-23 F 20,000
29 il s 2021-04-12 Lk 12,500
30 ) 524 2021-04-23 F 12,000
31 [ s 2021-07-02 ] Qku} 22,500
32 il s 2021-08-24 Lk 10,625
33 il s 2021-10-13 ol =] Al o} 125,000
34 il s 2021-11-29 F 14,600
35 il s 2021-12-09 F 27,000
36 il s 2021-12-09 F 4,000
37 il s 2021-12-18 F 18,800

8. 7=l A

7€ ol A

- o o 2 Al R 7] A A 712 A =t
= S M o o
1 Aands | warzr | GULNES 65,000,000%
21
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&8 of A Rh4l) 1,000
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