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Variegated
Mottled

Size and shape

Curled

Rough surface
Wrinkled

Many fused-leaves
Long petiole
Longer
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Very narrow
Thick

flower Flowering

Late flowering
Early flowering

No flower

Clustered floral buds

Size and shape

Small
Petaloid stamen
Malformed stamen
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Malformed pistil
Higher number of stamens -
Higher number of pistils -
Fused flower -
Yellow flower stalk 1
Yellow anther -

Male sterility
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Male sterile 10

fruit Fruit setting and
ripening

Earlier fruit set -
Up-oriented fruit 1
Notable parthenocarpy -
Early ripening -
No ripening 1

Size and shape

Cup-shaped fruit-receptacle
Smaller
Conical shape
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Group 5 N N N Y Y Y ‘N N N N o1
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Fig. 1-19. HPLC-MS

the ripened stage. A: V-9xR. parvifolius

Table 1-4. Analytical

profiles of anthocyanin content in boyzenberry and blackberry cultivars at
B: B201 (Blackberry).

conditions of HPLC-MS for analysis of anthocyanin contents

Parameters Conditions

Column Poroshell .120 SB-C18 column (150 x 4.6 mm 1id., 2.7 m particle size, Agilent
Technologies, U.S.A)

Flow rate 0.5 ml/min

Injection volume 10 wb

Run time 35 min
Time (min) 9% A? % B

Gradient 0°3 % >
3-28 95-0 5-100
28-35 0 100

UV detection 515 nm

7 0.1%, v/v, trifluoroacetic acid with distilled deionized water, ¥0.1%, v/v, trifluoroacetic acid with acetonitrile.



Table 1-5. Anthocyanin content of fruit for hybrid boysenberry genotypes.

(mg - 100 g

Line Cy-3-O-Sop Cy-3-O-Glu Total anthocyanin
Boysenberry 48.3+08.9de 177.4+8.7g 225.7+0.2g
Blackberry -f 184.0+2.0g 184.0+2.0h
BS_Hybrid 72.6+12.4bc 309.4+6.6d 382.0+5.8d
BSA-036 82.3+14.0b 344.6+7.8bc 426.9+6.3c
BSA-065 56.5+09.5¢ 205.4+8.9f 261.9+0.7f
BSA-078 107.5£19.2a 360.5+16.2ab 467.9£3.0a
BSA-101 91.2+15.8ab 373.7+09.1a 464.916.7a
BSA-119 71.2+12.3bc 273.3+08.6e 344.4+3.7¢
BSA-144 33.6%05.7¢ 118.3+03.4h 152.0+2.3i

BSB-032 40.4+06.9de 95.2+03.51 135.5+3.4;

BSB-127 85.9+14.4b 353.4+08.2b 439.3+6.2b

Cy-3-0-Sop: Cyanidin-3-O-sophoroside (M" m/z 611), Cy-3-O-Glu: Cyanidin-3-O-glucoside (M~ m/z 449) -: Not

detected, Mean separation within columns by Duncan’s multiple range tests (P <0.05, n=3).

3
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Fig. 1-20. HPLC chromatogram and mass spectrum. A: BS_PI, B: Blackberry
(V3), C: BS_Hybrid, D: BSA-036, E: BSA-065, F: BSA-078, G: BSA-101, H:
BSA-119, I. BSA-144, J: BSB-032, K: BSB-127. L: Mass spectrum of

Cyanidin—-3-O-sophoroside
Cyanidin—3-O-glucoside

Table 1-6. The hydrogen exponent,

boysenberry genotypes.

M m/z

M"

m/z

611),

449)

M: Mass
Peak
Cyanidin—-3-O-sophoroside, Peak No. 2: Cyanidin-3-O-glucoside.

sugars content and titratable acidity

of
1:

of fruit for hybrid

Al pH 3 %= (°Brix) A= (%)
BS_PI 3.7%0.1a 7.6x0.1b 1.8+0.2a
Blackberry (V3) 3.6+0.0a 7.4£0.2bc 1.7+0.0a
BS_Hybrid 3.8x0.2a 6.0£0.3d 1.5+0.3a
BSA-036 3.6x0.1a 6.1£0.2d 1.5+0.3a
BSA-065 3.8%£0.0a 6.3%£0.2d 1.6+£0.3a
BSA-078 3.7x0.1a 6.2£0.2d 1.5+0.3a
BSA-101 3.6%0.1a 5.9+0.1d 1.8+0.2a
BSA-119 3.6+0.0a 8.8+0.1a 1.5+0.3a
BSA-144 3.6%£0.0a 7.1x0.3c 1.6%0.3a
BSB-032 3.6x0.1a 6.1£0.2d 1.7£0.2a
BSB-127 3.5x0.1a 6.2%0.2d 1.8+0.2a

Mean separation within columns by Duncan’s multiple range tests (P <0.05, n=3).



Table 1-7. Mineral content of fruit in hybrid boysenberry genotypes (mg - 100 g ).

Line Ca Mg K Na Fe Zn
BS_PI 22.88a 18.14a 181.70b 3.03a 0.57a 0.39a
Blackberry (V3) 23.03a 16.97a 123.60g 1.45b 0.34a 0.17a
BS_Hybrid 19.47b 8.91c 111.80h 0.99b 0.27a 0.21a
BSA-036 17.45b 14.20b 144.80e 0.65b 0.37a 0.31a
BSA-065 19.68b 15.30b 145.62¢ 1.24b 0.29a 0.33a
BSA-078 18.69b 13.98b 145.96¢ 0.94b 0.33a 0.31a
BSA-101 18.66b 14.52b 136.94f 0.97b 0.60a 0.31a
BSA-119 19.42b 15.25b 148.55¢ 1.10b 0.25a 0.19a
BSA-144 19.74b 14.72b 164.58d 1.26b 0.29a 0.20a
BSB-032 18.47b 13.97b 174.82¢ 1.53b 0.29a 0.18a
BSB-127 19.60b 13.97b 193.40a 1.63b 0.32a 0.28a
Mean separation within columns by Duncan’s multiple range tests (P <0.05, n=3).
Table 1-8. Fatty acid composition of fruit in hybrid boysenberry genotypes.
(%)
Line C16:0 C18:0 C18:1 C18:2 C18:3 SFA UFA
BS_PI 6.70a 2.32¢ 10.55a 67.61a 12.83b 9.02a 90.98a
Blackberry (V3) 6.74a 1.48f 10.66a 67.19a 13.94a 8.22a 91.79a
BS_Hybrid 6.75a 2.06d 10.42a 66.51a 14.27a 8.81a 91.20a
BSA-036 6.32a 3.01a 10.93a 65.00b 14.76a 9.33a 90.68a
BSA-065 6.39a 2.52a 10.79a 66.87a 13.44a 8.91a 91.10a
BSA-078 6.28a 2.85a 10.43a 66.57a 13.89a 9.12a 90.88a
BSA-101 6.56a 1.92¢ 11.02a 66.98a 13.54a 8.47a 91.53a
BSA-119 6.06a 1.86e 10.12a 67.52a 14.45a 7.92a 92.08a
BSA-144 6.56a 2.44b 10.99a 65.99a 14.03a 9.00a 91.01a
BSB-032 6.47a 2.60a 10.97a 66.49a 13.48a 9.07a 90.94a
BSB-127 6.67a 2.23c 10.44a 66.68a 13.99a 8.90a 91.11a

C16:0 = palmitic acid, C18:0 = stearic acid, C18:1
"SFA = saturated fatty acid, “UFA =
multiple range tests (P <0.05, n=3).

= oleic acid, C18:2 = linoleic acid, C18:3 = a-linolenic acid.

unsaturated fatty acid. Mean

separation within columns by Duncan’s
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Fig. 1-21. Ellagic acid content in hybrid boysenberry genotypes. The letters above each point

indicate a significant difference at the 5% level (Duncan’s multiple range tests, n=3).
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Fig. 1-22. Profile of fruit maturation stages. A: Immature

stage, B: Intermediate, C: Ripened stage.



Table 1-9. Origin of blackberry lines used in this study

Lines Orgin Mutagen type

V-39 Super (New Zealand) Somaclonal  variation

Gamma-ray 80 Gy

Maple V-3
(10-1252077")
V-99 Super (New Zealand) Somaclonal  variation
Gamma-ray 80 Gy
B201 V-9
(2015-7507)
MNU-32? V-9 N-methyl-N'-nitrosourea

? Breeding line y)Korea patent number, x)Korea seed and verity service application number.



Table 1-10. Changes in hydrogen exponent, sugars content and titratable acidity of fruit development for blackbe

Lines Hydrogen exponent Soluble solids content (°Brix) Titrat
Immature Intermediate Ripened Immature Intermediate Ripened Immature ]
V-3 4.1a” 3.1a 3.8a Rl 3.4c 8.0a 14c
Maple 4.2a 3.0a 3.7a - 3.2¢c 8.1a 1.3c
V-9 4.1a 2.9a 3.7a - 2.9c 8.0a 1.5¢c
B201 4.0a 3.0a 3.7a - 3.1c 8.0a 1.4c
MNU32 4.1a 3.1a 3.4b - 3.2c 5.0b 1.6c

?The letters above each point indicate a significant difference at the 5% level (Duncan’s multiple range tests), ¥Measurement

Table 1-11. Mineral content of fruit development in blackberry lines

mg/100 g
Potassium Calcium

Lines
Immature Intermediate Ripened Immature Intermediate Ripened Immature Interm
V-3 14.2b? 16.5a 12.5¢ 9.2b 9.4b 12.6a 1.3b 3.
Maple 15.0b 16.1a 12.0¢c 9.4b 9.4b 12.7a 1.0b 3.
V-9 14.6b 16.5a 11.9¢ 9.6b 9.6b 13.2a 1.2b 3.
B201 14.4b 16.4a 12.3¢ 9.4b 9.4b 12.5a 1.1b .
MNU32 14.5b 16.7a 12.4¢ 9.1b 9.4b 12.9a 1.2b .

?The letters above each point indicate a significant difference at the 5% level (Duncan’s multiple range tests).
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HSS T3 column (21 x 100 mm, 1.8 um, Waters Inc., USA)S ultraviolet
(UV)-detector (SPD-M30A, Shimadzu), auto sample injector, column ovens 7}%!
UPLC system (CBM-20A, Shimadzu Co. Ltd., Japan)oll #Z3}o] Al-&3&th o] 54 A
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0.1%, v/v, trifluoroacetic acid’} H7}8 acetonitrileS ©]&38tAth. EAA 7S 0-1E271A
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(191.0 mg/100 g) > V-9 (187.2 mg/100 g) > MNU32 (92.3 mg/100 g)s=o]t}.
7] FUAEAOFI(ACN) a2 191.6-558.2 mg/100 go = 5 A-§<
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Table 1-12. Analytical conditions of UPLC for analysis of anthocyanin contents

Parameters Conditions

Column HSS T3 column (2.1 x 100 mm, 1.8 um, Waters Inc., USA)

Flow rate 0.5 ml/min

Injection volume 10 wl

Run time 10 min
Time (min) % A” % BY
0-1 90 10

Gradient 1-6 90-80 10-20
6-8 80-5 20-95
8-10 5-95 95-5

UV detection 520 nm

?0.1%, v/v, trifluoroacetic acid with distilled deionized water, v)0.1%, v/v, trifluoroacetic acid with

acetonitrile.

Table 13. Changes in anthocyanin content of fruit development for blackberry lines

Cy-3-Glu” Cy-3-Xyl” Cy-3-Mglu” Cy-3-Dioxglu™  ACNY
Lines

™ RY I R I R I R I R
V-3 187d¥  191b 3.3d 29.3b  35¢ 100b  256d  36.0b 575d  314.0b

Mayple 17.7d 320a 3.2d 44.8a 3.3c 20.2a 24.2d 101.6a 55.2d 537.7a

V-9 7.4e 187b 2.0e 30.0b 1.7d 9.9b 14.2e 36.7b 30.7e  327.5b

B201 18.2d 335.6a 3.2d 47 1a 3.4c 20.9a 24.8d 107.5a 58.7d  558.2a

MNU32  7.5e 92.3c 2.0e 12.1c 1.8d 5.7b 14.6e 16.9¢c 31.5e  191.6c

?Cy3glu: cyanidin-3-O-glucoside, Y'Cy3xyl: cyanidin-3-O-xyloside, ¥Cy3Mglu: cyanidin—-3-O-malonylglucoside,
WCy3Dioxglw: cyanidin-3-O-dioxalylglucoside, YACN: Individual compounds presented as percentage of total
peak area monitored at 520 nm. u)lntermediate stage, “Ripened stage, ¥ The letters above each point indicate a

significant difference at the 5% level (Duncan’s multiple range tests).



Fig. 1-23. UPLC profiles of anthocyanin content in novel blackberry cultivars at the
intermediate stage. A: V-3, B: Maple, C: V-9, D: B201, E: MNU32. Peak 1:
Cyanidin—-3-O-glucoside, Peak 2: Cyanidin—-3-O-xyloside, Peak 3:
Cyanidin-3-O-malonylglucoside, Peak 4: Cyanidin-3-O-dioxalylglucoside.

Fig. 1-24. UPLC profiles of anthocyanin content in novel blackberry cultivars at the
ripened stage. A: V-3, B: Maple, C. V-9 D: B201, E: MNU32. Peak 1:
Cyanidin—-3-O-glucoside, Peak 2: Cyanidin—-3-O-xyloside, Peak 3:
Cyanidin-3-O-malonylglucoside, Peak 4: Cyanidin—-3-O-dioxalylglucoside.



mglg (FW)

100 V-3 eMaple =V-9 w=BX01 =sMNLU3Z 40 mV-3 wMaple = V-0 wH201 = MNU3E2
a a a
a a8 a a

Immature Intermediate Ripened Immature Intermediate Ripened

Fig. 1-25. Total phenolic content and total flavonoid content in novel blackberry cultivars. A:

- BRAo Fa J)eA AEQ odEZ7aElagic acid) F§HEHS F4 EddE AE9 #F
A 718 gheko] WElE B4 &Y (Table 1-15). F8A7|E 2 3}aS =383 & 54
A z3be] water and methanol (37.5:63.5); 10 mL of 1.2 mol/LL HCI& &vj&2 o]& 80T
ol 4 16417 &<t F= skt FEHS 045 i membrane filter ZH=E o %3}l

Total phenolic content (mg/g), B: Total flavonoid content (mg/g). “The letters above each

point indicate a significant difference at the 5% level (Duncan’smultiple range tests).

UPLC-MS #4& st

- FZ A9 UPLC-MSE o] &3t 77|84 271& Table 1-149] Q.9kxo] ot} Ao A}

€9 AHLE HSS T3 column (2.1 x 100 mm, 1.8 um, Waters Inc., USA)E AF&3F 1L
ultraviolet (UV)-detector (SPD-M30A, Shimadzu), auto sample injector, column oven<=
7}A UPLC system (CBM-20A, Shimadzu Co. Ltd., Japan)< AF-&3}$ith.

- FEA 7 o 271AES BAE A (Table 1-15, Fig. 1-26, Fig. 1-27), B & ZZo|A 3}
Aol SHEFF darhite e gAastdt. ASIE Aol= HET|d A= Aol 7 §l

on, 54719 9hkvldl e MNU32 AEe dekol g AEd vmete] B& Aol
o},



Table 1-14. Analytical conditions of UPLC for analysis of eallagic acid

Parameters Conditions

Column HSS T3 column (2.1 x 100 mm, 1.8 pm, Waters Inc., USA)

Flow rate 0.5 ml/min

Injection volume 10 @b

Run time 27 min
Time (min) % A? % BY
0-3 90-80 10-20
3-6 80-70 20-30
6-9 70-50 30-50

Gradient 9-15 50-40 50-60
15-18 40-30 60-70
18-21 30-50 70-50
21-24 50-70 50-30
24-27 70-100 30-0

UV detection 254 nm

?0.19, v/v, trifluoroacetic acid with distilled deionized water, Y0.19, v/v, trifluoroacetic acid with acetonitrile.

Table 15. Ellagic acid content in blackberry lines at different ripening stage

Ellagic acid  (mg/100g)

Lines
Immature Intermediate Ripened
V-3 80.1a ” 50.0c 47.0c
Maple 81.5a 40.1d 35.2e
V-9 80.6a 51.5¢ 28.8f
B201 78.6a 54.3¢ 42.5d
MNU32 82.3a 65.1b 41.8d

The letters above each point indicate a significant difference at the 5% level (Duncan’s multiple

range tests).
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Fig. 1-26. HPLC profiles of ellagic acid content in novel blackberry lines at the ripened
stage. A: V-3, B: Maple, C: V-9, D: B201, E: MNU32, F: Standard (100 ppm).
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Fig. 1-27. HPLC profiles of ellagic acid content in Mayple at the different harvest stage. A:
Immature stage, B: Intermediate stage, C: Ripened stage, D: Standard (100 ppm).
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Fig. 1-28. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activities of novel
blackberry lines at different stages of development. “The letters above each point

indicate a significant difference at the 5% level (Duncan’smultiple range tests).
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Table 1-16. Correlation analysis between chemical content and antioxidant activity in blackberry

fruit
Trait pvaluez) R?
Total phenolic content * 0.716
Total flavonoid content * 0.647
Cyanidin-3-O-malonylglucoside * 0.552
Cyanidin-3-O-dioxalylglucoside * 0.562
Total anthocyanin (ACNy)) * 0.530

Z)%.

p < 005 ™ p < 0.01, YACN:Individual compounds presented as percentage of total peak area monitored
at 520 nm.

- Sdug] FA(FAEE) e AWk ghaFs BA1S A3 (Table 17, Table 18, Fig. 29), X

olAl w2l e} FASH 571A] X Wpake] Fao AWAto g HEHUTE 53] S 5ol
g = 4k(inoleic  acid)e] AA] AW T 66% WelE dHEe] Jdon, =ik
(Linoenic acid)7} 15% W9z &= vt olefs Exs) Aike nd¢, 59743}

o}
v, Fitst 5 o§-E AAe] fE& ol



Table 1-17. Components detected in ethanol extract of fruit of blackberry

) Molecular
No. RT Name of the compound
formula
1 144 Hexadecanoic acid (Palmitic acid 16:0) Ci16H309 256
2 16.3 Octadecanoic acid (Stearic acid 18:0) Ci1gH3209 284
3 170 cis—9-Octadecenoic acid (Oleic acid 18:1-cis n9) CigH3402 282
4 182 cis—9,12-Octadecadienoic acid, ethyl ester (Linoleic acid 18:2 n6) CigH30, 280
5 196 9,12,15-Octadecatrienoic acid (alpha-linolenic acid 18:3 n3) CigH3002 278

Table 1-18. Fatty acid composition of different blackberry cultivars

(%)
16:0 18:0 18:1 18:2 18:3
V-3 6.9 1.1 10.8 66.2 15.0
Maple 7.1 2.1 109 63.9 16.1
V-9 6.2 2.1 11.0 63.9 16.8
B201 7.7 15 10.3 65.7 14.8
MNU32 6.2 0.7 11.2 66.6 15.3
i 4
50 3 5
= 1
1 ; L fL,

T T
1040 125 150 175 208 i) =0 s 300 25

Fig. 1-29. GC-MS profiles of fatty acid in blackberry cultivar. 1: Palmitic acid, 2: Stearic acid, 3:

Oleic acid, 4: Linoleic acid, 5: alpha-Linolenic acid.
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- AINAX (D, candidum® FL£ AES Rutin(611 ™7), Apigenin-6,8-di-c-b- D-glucoside
(595 m/z), Diosmetin—6,8-di-C-glucoside(625 ™7), Neoeriocitrin (597 ™#o] F& A&
o2 glH T

- B=AI(D. loddigesin® FLAEL  Apigenin-638-di-c-b-D-glucoside(595 ™7),
Unknown(347 ™%), Quercetin-acetylhexoside(507 ™%) 2 ¥-o]t}.

- A3(D. moniliorme)®] F £ A& Rutin(611 ™), Narirutin(581 ™?), Naringin(581 ™),

Didymin(595 ™#)o] ¢t}



Table 1-19. Origin of blackberry lines used in this study

' o Mutated

No. Name Section Origin Treatment Characteristics

1 Cheolpil D. candidum China (Breeding line) Somaclonal variation Green-purple

leaf and stem

2 Cheolpi2 D. candidum China (Breeding line) Somaclonal variation -

3 Cheolpi3 D. candidum China (Breeding line) Somaclonal variation Green flower

4  Hwanchol D. loddigesii China (Breeding line) - -

5 Hwancho2 D. loddigesii Hwanchol(Breeding line) Gamma-ray 50 Gy {_{1’6126{5 edge

6 Jindo D. moniliforme Korea (Breeding line) Somaclonal variation Dwarf

7  Uju D. moniliforme Jindo (Breeding line) Aerospace mutagenesis ]e)dvgaelrf, Leaf
. . Imported medicine

8 Miryung - Indonesia material

9 Bibongcho - Indonesia Imported medicine

material

A B
600.00 - water extract a WEtnanal extract 400.00 Water extracta ™ Etnaol extract
e LT i = 300.00 f
£ 400.00 g g ) b b
¥ 30000 T 20000 - ¢ s
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T 2 & '4 &8 7 £ 23 "4 & " 7

Line Number® Line Number*

Fig. 1-30. Total phenolic content and total flavonoid content in leaves of Dendrobium mutant lines.
A: Total phenolic content (mg/g), B: Total flavonoid content (mg/g). ?The letters above each
point indicate a significant difference at the 5% level (Duncan’smultiple range tests). “Line number
listed in Table 1-19.
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Fig. 1-31. Total phenolic content and total flavonoid content in stem of Dendrobium mutant lines. A:
Total phenolic content (mg/g), B: Total flavonoid content (mg/g). “The letters above each point
indicate a significant difference at the 5% level (Duncan’smultiple range tests). Line number
listed in Table 1-19.
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Fig. 1-32. UPLC-MS profiles of Dendrobium mutant. A: Dendrobium candidum, B: Dendrobium

loddigesii, C: Dendrobium moniliforme (Jindo), D: Dendrobium moniliforme (Uju)



Table 1-20. Functional compound composition of Dendrobium mutant lines by UPLC-MS

RT” [M-HI" . e Line number™
No. (min) (m/2) Tentative identification . 2 3 4 5 7
7-[(4-O-
1 3.14 487 *fl*glucopyranosyl*d*glucopyranosyl)ox + + + - - -
y
2 3.76 268 Adenosine + + + o+ 4+ +
3 3.80 268 Adenosine + o+ o+ - -
4 475 294 Fructose-isoleucine or its isomers + + o+ - + _
5 4.86 294 Fructose-isoleucine or its isomers + o+ o+ o+ o+ -
6 4.88 577 Unknown - - - - - +
7 531 294 Fructose-isoleucine or its isomers + + o+ o+ o+ -
8 11.33 611 Hesperidin - - - - - +
9 11.95 611 Rutin + o+ o+ - - +
10 12.42 595 Apigenin-6,8-di—c-b-D-glucoside - - - - + -
11 12.67 595 égﬁgﬁgn 6,8-di-c-b-D-glucoside or its | | L, | )
12 12.70 581 Narirutin - - - oL +
13 12.79 581 Naringin - - - o +
14 12.95 625 Diosmetin 6,8-di-C-glucoside + o+ o+ - - -
15 13.13 755 Brutieridin - + o+ - - -
16 13.44 565 ﬁgggs?gén 6-c-b-D-xyloside-8-c-b-D-¢ .
17 13.52 565 Isoschaoside + o+ o+ - -
18 13.60 595 Didymin - - - .- +
19 13.67 565 Schaoside + - -+ - -
20 13.75 595 Didymin or its isomers + o+ o+ - +
21 13.93 595 Poncirin + o+ o+ - - _
22 14.14 579 Vitexin—-2“~-o-rhamnoside + o+ - - -
23 14.35 579 Vitexin-2“-o-rhamnoside or its isomers + + - - - -
24 14.42 597 Neoeriocitrin + o+ o+ - - -
25 14.75 609 Diosmetin 7- O-neohesperidoside + o+ o+ - - +
26 16.60 593 Unknown + o+ o+ - - _
27 18.41 347 Unknown - - - + o+ _
28 19.40 507 Quercetin—acetylhexoside - - -+ o+ -

“RT: Retention time, “Line number listed in Table 19.
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GRCGGGECTC
GRCGGGGCTC
SROGEGEGCTC
GRACGEEFEITC
GROGEGFGECTC

TGICATCCAT GCTGTTGHGE GROGGGGLIC
TGICATCCAT GCTGITGGGC GRACGGGGIIC

2L 5y

Ad
=

2

=

=

L
TCTICTYACAT
TCTCTPMEAC ACTTIGECGT oo o
TCTCTRAEAC ACTTIGECGT GIGAGGGATC CCAACAGRAC CCAGGEICACC
ICTCTYAERT ACTTTGGCGT GIGAGGGATC CCARCAGRAC CCAGBGCACC
TCTCTYACRAC ACTTIGGCOGT GIGAGEOATC CCARCAGAAC CCAGGGCACT
TCTCTPREAC ACTTIGGOGT GIGAGGGATC CCAACAGAAC CCAGGGCACC
ICICT GIGAGGGATE CCAACAGAAC CCAGGGCACC
TCICT
TICICT!
TCTCT!
TCT
TCTCT FAC ACTTIGECGT GTGAGGGATC CCAACAGAAC CCAGGGECACC
TCTCTRRAC ACTTIGEOGT GIGAGEGATC CCAACAGRAC CCAGGGCACC
TCTCTPREAC ACTTIGGCGT GTSAGCGATC CCAACAGRAC CCAGGEECACT
TCTCT':&:H.C ACTTIGGCGT GTIGAGECGATC CCAACASRAC CCAGEGCACC

= =

BAg B8 24T % AVHL BF-EH

- 72

=& 75 &2




a8 214, IR 9 HolAH e EAAEE A
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Aoz BY 4, DNA HZE B4 ofa B2
251 54, 54 9y 5209 48 9 24, S0 NGS £44 14% Pac bio library %
=
[e)

/3, De novo assembly, contig 24, annotation T+ S3t9 EXT NGSE £43IA 5. NGS&

Ed3 7l 2 a/pEr 2837 wiiEel, I1AE Pac bio librarye] 2ol 7hsgh A&Tignl
A ASZE7I7IL F st BASA O, NGS 24 £8 A2 2d odHE2 2015d 1
AAERE 20179 22 E7kA] ST

4 23, 3Y NGSE AHgd = o 99 do] EAs (1™ 15), ITS DNA HizE=
Ao SHHE FAHHUE(DE 14). SIHE S48t genomic DNA °F 40ugs FZE3he,

|

Pac bio library 24 ¥ De novo assemblyE &3t 1,35070¢ contig& H3}HOH,
annotation 3 A7} 50,14070 9] gene set-S FH 55
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H

2-1. €3kt NGS assembly % annotation 2%}

g = a 3

Contig 1,350
Total (bp) 373,429,196
Average length (bp) 276,614.2
Maximum length (bp) 17,601,860
N50 length (bp) 3,962,554

G+C content (%) 4417

annotation 50,140 gene

Contigs : assembly contigs

Average length : gene set contig®] H+ 20|

Maximum length : gene set contigs 7}& 71 contig 20|

N50 length : 7F& X1 contigh-El 2= €7] & AF v;& # T3] H= contige] 2ol
GC content : GC Hl &

annotation =23 50,14071 2] gene set& EHE

B) 3= d7uE 2 A
(7h) WolAl NGS #4 2 g ExvuiA 2
- 22195 9] NGS resequencing datag ©]83le] =7|dAS Ko
NGS Fdatdon, A2Hd 71& ¢F =255 Fast 2
e AEste &8s 1 AR AL 2EdH s AIE #AA fF
g 778 FA S F SNP, In/Del& Al4Hg}
- 1404bp T%re] SNP % 116719] In/DelE &
In/Del 2 SNPe| A3}, A2xddx} #AAA
47 9 ZZWE (CRT/DRE) #&o] =
= 9 g EAr7 SNPE R0+

HolA g1 done AsE
d faa gl el T
A g fHa o]9le] dr)A

o, 53 F24 % FAA olslel 72
o] F3( C-repeat Mehydration responsive element
Z1a74el g4l eta-owl 4y el 27k 2l



Gene symbol Gene full name mn?" Gone wymbel Gam fall marne o
COR1Sa cold.rezporsive AL2GAI540 CAMTA L mimodiln bnding transerpeonal acevanors 1 ATSGORI0
ore ooid o CAMTA 3 calmodulin binding trarsariptional actvatars 3 ATIG23300
s i Calmadulin binding proten __ Calmaduin binding protee Migeraig
CORGE oold-responzive 5615970 =Ty sshimot AT3G55%60
CORT cokd-respansive At1G20420 (=} CiZn 5008 1 dametasa 1 ATLGOESI0
N cold-induced ol =] C1/T 5008 2 feeppwtane iupstonids dematass 2 ATIEIEIE0
m o PO o=y CiR3 chetin-mubucible: gbberslin-remponive 1, toyvs japonca AN DIOSEOTEY
: LAy Lebwral sgpremsor AT1G55540
CEF1 dehydration-responsive elements banding factors 1 AGI5450 prey v X, Oejan e limporsea cdorarsont WOCS ey
C3F2 dehydration-responsive elements binding factors 2 ALIGISATO TR 34 TUCSNTE BRANCHEDL CYELIDEA, and BCF (TCF) 24 AT
CEF2 dahydraton.responsve slements banding factars 3 Abdg2EAED TCH 18 TEQSINTE SRANCHEDL. CYCUOIDEA. and PCF (TCP) 18 ATIGLELE0
== = m e TR 15 THOSNTE BAANCHEDL CELOMER, and PCF (TCF) 15 ATIGENE
TOP 13 TEORNTE BRANCHEDL CYCLOIDEA. and RCF (TCP) 13 ATIGO2ISD
icE2 Inducer of CBF expression 2 ATIG12880 T8 12 TEQSNTE BAANCHED], CVCLOIDEA, and PCF (TCF 12 AT1GEEE00
LEA fat= sburdant protens At3gl2480 PR Fnpaat e sasglimn
csp cold shock proten ATAGIEO20 ALY Fertilly reitorer iQryzs wibve Jndies Giowp AL gare b AS10443
csp ooid shock proten AT2G176T0 L ]
e Calnann §-tive probem 1 ATSTS
CHE e e 00 e fg ot i ¥ Caloneurnn 8-k proten 2 ATsaEEm0
ACER Acyl-Col-bnding protain ATHGS2470 [="¥] Calcinaann 2-ka protein 3 ATAEESTD
ACED Acyl-Col-bnding protein AT&GITTED CBLS. Caloneunn B.like protain 5 ATAEILT
acpn A Do T3G040 CBLE Calenasin B-likn protain & ATGE16350
- [ %) Calcinsarin S-like protein 7 ATAGIESED
ACER Acyl-Col-binding protein ATSGITEI0 =] Ealeineunn & ks proin & ATioean
ACED Acyl-CoA-bmding protein —- AT1G31812 Ly Calnmurn B-ike probein & ATEOATION
1 Thermal Hysteresiz Promn(Chonstonesta  fumiterans GBL  apagasie R 10 Calonewn Blits probem 10 AT
i E,”"m"‘mm ol hypiils | prchion ~umon P Calcineurn E-vepraten mieracing proten ke 10 aTsasemo
- GAdion G4 H-oodue ArsglE420
PR pathogen related proteins AT2G14E10 o i e
B-13-ghucanass B-13-ghucanase ATSGA2100 v e e
P-13-ghcanase 1 -1 3-ghicanase AT3IGSTZT0 Tt [ tlgaoon
B-13-glucanase 2 -1 3-ghucanase ATIGST260 Wl Thitsm aastivum cold acckmation peotsin WCLLH ME3342
B'LM a B‘Ljﬂmw AT3GST240 ‘Wenrd LD Trbstum M\ﬂd accbenaton proten WODRALD Less2
e = Wearid col-rporie prslben CORIAS [Trtium seitvurm] AFIOTRS
P13 4 Bidg WOORATI T et cold seberasen pecten WEORSLE uTsIE1
Brii-ghcansce 5 B-1.3-glucanaze ATEG20340 WOORSLT-pm Cryza satres (aporica suftvar-grop) cokd sochmabon proten  AFZRS00N
| like proten: 3 ' like protems AT1G75030 WODRa13-fke protem
WODRALS-pm sy op—
<FIEF AmzAR 7 A2dA FAA 2 FAA o9 73 AE>
TAIR ID or TAR D ar
Gene symbol Gane full name 5 sonNo. (Gene symbal Gane fll name ioal
CAMTA calmadulin binding wanserponal et 1 ATSGOM10 T s ko g
CAMTA S calmodulin binding transeriptional activators 3 AT2GIZI00 Moz (ORI Syl pas sod acdmaten proen WOSAE ST
Calmodubn binding protein _ Caimodisdn binding protein Arlgh7310 = T
ESKL etkimal AT3055930
CEo Cu/Zr 5005 2 {coppen/zine superoide dismutase 1) AT1508830 i Ao
502 Cu/Zn 5005 2 {coppen‘one supsronde demutsss 21 AT2G28130 ol cncdie
e vir-iraacble git resporive L 002460780 R AT
L Lo sppressor ATigsssE o i
MOCL moncculm 1, Dryza sativa |jsponica cultivar-groap) MOCL AV24053 ANACOR ATIAI
L) TECENTE BRANCHEDL CYCLORDEA, and PCF (TCP) 24 AT1G3Q210 i APAG1A%ED
TP 18 TEOSINTE BRANCHED'L CYCLORDEA. and PCF {TCP) 18 W TR0
T 15 TEOSINTE BRANCHEDL CYCLORDES. and BCF (TCP 15 ATIGE9590 3R
TP 13 TEOSINTE BRANCHEDL. CYCLOEDEA. and POF (TCFI 13 ATIGOZIS0 )
TP 12 TEQSINTE BAANCHED'L. CYCLOEDEA. and ROF (TCF) 12 ATIGERI0D e
[ Pentaricopeptide repest proteins AtSgil3i0 ¥
R Fariity remorer (Onss wtve Indica Group Rl gene for  ARII0MSS e
feriiliny restoren)
CBLY Caleineusin 8-ie protein 1 | AT4GLTELS L2:o]
CBL2 Calcineusin B.lke protein 2 i ATSGSS90 B
CBL3 Calemeunn 35w protein 3 ! ATAGIEET0 WEKES
cBs Calcineurin 8-t protein 3 ATAG01420 an
CRLE Caleineurin 8-3k= protein & ATSG16350 o
CELT Calcineurin 5-3ke protein 7 ATAGIE560 nofs
CELE Calcineurin B-tke protein & ATIGE4E0 e
CRLS Calcineurin Bdie protein 9 ATSGATION )
CBL 10 Calcingurin B5ke protein 10 ATSGIH00 o
apeiD Calcmeurn kinasz 10 ATSGEEE380 e
GADex GA 20-cudase ArdgIEan
GAZDo GA X-coidase 200 L
GAgax GAZ-crclase ‘Atigi55E0 3
GAZox GA 2-cudasn A1g30040 DEARY
Wi Triticum gestivum coid aockmation peotein WCS130 w3330 bl -
Weestil Tricum setivum coid acelimation protsin WCORSID s L 5 - .
Wioeld pold-resporsive protein CORI4a [Triticum sestvurm| AFDOTEAS mﬂ&@mmmum
WCORAL-pm Triticum sestivum eo'd accimation protsin WCDR4L3 UTEE1
WCCREL3-pm Oryzs wva [japonica culthvar-group) coid sccdimation proten - AF283006
WOORS13-Hke proter
WCORSL3-pm ot ©oid acchmation proten WLURAL3-ie
alphs *
WCOR$13-1m Trinicum sestivum coid acckmation protein CORS1S-THL Arigie
WCDRS13-tm Oryzs sativa (japonics cultivar-greup) cold sodimation protsin  AF181210
COR&13-TM1
P TAIR _ID o
CRI/ORE r— > AragTEano
CRY/DRE == ArloTEATO
CRT/ORE ©-repeat/dehycraton responsive element Ardg T 5AS0
ROZRA =] =3 A 13048
ROZOE responsive 1o debydrsmon 25 2 [=F e ]
=TI ook - srechuroad A 1S5S0
LTY Ierrte et atiire i st ATSE4ETS0
COR1SE ke ArGAIEA0
CORTE coic - repana e
CORE S ¥ HESIE9T0
CIORST coid-responsve AT LG 20480
<ATED ARZA 9% ALBA A% R 4AA ol9e] T >



Short reads
(Resequencing data)

SolexaQA package

Sequence pre-processing

l BWA

Alignment to reference genome

/ SAMtools, In-house scripts

raw SNP (In/Del) . Consensus sequence
detection of samples

\ /—MUSE secripts

Generate SNP(In/Del) matrix
and SNP(In/Del) filtering

In-house scripts

Y
SNP(In/Del) annotation
(classification of SNPs, gene description)

In-house scripts

2 X 3 miRNA G LY SNP, In/Del 4

<NGS ©°] &3 A2#d F14 9 F14 o]9]2] +3F SNP, In/Del Al¥>

H9

H9_Depth Genic_Inter Transcript.i Feature

Description Flanking_se Target_ gene_descr gene_other gene_full_name

+3TAG

+1A/

+1C

H9

7|7

1112

33

H9 Depth Genic_Inte:1 Transcript. Feature
g39371.t1:e exon

5is

Intergenic

Intergenic

Intergenic

93937

TGCTTGCCC promoter
promoter
promoter

TGGGAGAC promoter
promoter
promoter

TTTGCATAC promater
promoter
promater

CRT/DRE
CRT/DRE
CRT/DRE
CRT/DRE
CRT/DRE
CRT/DRE
CRT/DRE
CRT/DRE
CRT/DRE

CBF3 prom¢C-repeat/dehydration responsive element
CBFL prom«C-repeat/dehydration responsive element
CBF2 prom:C-repeatfdehyIdranon responsive element
CBF3 prom:C-repeat/dehydration responsive element
CBFL prom:C-repeatfdehyIdranon responsive element
CBF2 prom«C-repeat/dehydration responsive element
CBF3 prom:C-repeatfdehyIdranon responsive element
CBFL prom:C-repeat/dehydration responsive element
CBF2 prom:C-repeaUdehy.dratjon responsive element

dehydratiot CAGAGCA/ gene

Descriptiol Flanking_s: Target_ger gene_desci gene_othei:

CBF3

313 939371

g39371.t1:e exon

gene
gene
dehydratior GAGCCTGC gene
gene
gene

CBF1
CBF2
CBF3
CBF1
CBF2

DREB1b
DREB1c

DREB1b
DREB1c

<NGS ©] &3 A2%d 32 2@ Z2REH 7319 SNP % In/Del &<late] & SNP E=>

(W) 2A¥E 22 299 Ao AMALE 93 AS
S R 519 9 2ek(ReIES R 9)o) FFRIGE AMAAE AT W] o270
o)z 2AEF0) 7+ 1209 6044 E 300714 @% EIE S8
S EEAMAAT ] AET AU AR 9 zAstd H4PH FRNLEE B EEAH A 7
oA 249 A AZ%E
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W EddelAdol, WA
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Holg g FFFE LAY
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Wolgg A EFFTFH
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AW ATAE
AGESL BAE & AF A
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22 24 FF A9E
3} BRE 84)
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(1) Aotd=2m] Al HAAA (o] 2R ZAF E SAHF
(7h Aotd 221 AFY WA ZAE T3 EdW)
O 9ol f7]5 {3 AdA TS ZEQ JCH33M-15-1-9-12 1A]3]7F] 2 Aol
22 TR YWEEAY W ngAm A4S 7HAL o ofdE 2 ekl 11.9%
2 Hopd a2~ FFY.
- ¥ 2 Aol fr]slr] A AR ZAFES 300gray e y-rayS  JCH33M-15-1
-9-1 AlF 50004 =AFst] My o1l 20159 44 11€ MFAE A Fshal 48
A ZEERE HolAlZl MiEAHE 20159 449 149 953

2% 31 Bdwe] AeEAe BEH FuAA
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A, FRAS T AR RAl B ool A | AhA S
- HIALA FALE 5000.312 wolsl x| B

A o SR welA Raha mARE 2133704,
9|5k 2531 AE E4 o AN

=

3 3-1 AR AL W Aol mAan AESE

SEstel 27 Sl
AL 1897 A& A

njgto} g ol & wjukt FE AS T 1A 2 A (%)
» 147 2,133 189 2,531 5,000
WA G
(2.94%) (42.66%) (3.78%) (50.629%) 100
(2) HolAkYd H7 w AF A 2 &G
(7hH =d¥o] A 2 {7
O EdwWoe] Ay & & vl M, Alge] Algxd o]
- uE F 409 AR FRE 20168 59 249 30x15eme] AAzA SR 15 18 AA s
o FEXNETH W X

A Hol F=3] Au) 2 Fa] A AT

o L =T B Rl o
Fsgm Bedo] Aol @ A ALY gl B ANE FHoA A9 AY
A48 25300 gl A4 F ARl s Austel AN 94

o T uw = o‘% E—?l7H
) = ALt 20%795%9] EUAAS HRAVMA 21467 A5 A
¥ 3-2. WAVA ZAL wE My, T4 EYE
A 20% 40% 60% 80% 95% SHAEY A (%)
AR 261 326 391 685 592 152 124 2,531
v (10.31%) (12.88%) (15.45%) (27.06%) (23.39%) (6.01%) (4.90%) 100
- A AP o) sdWe] fr12 A AAIALS 7HR AN ELS 10.3% 2 LERS AL
AH EdolAY B3 dAdS HQl



EdWol fUl&o] 7H =2 WA EYERQ 40760%9 EUES R MA= 4251%
ey y-ray Aol og sdAWo] f717F ZHAR] Ao 2 FAF H.

AdkEl M, 21 2,146 Al5S 20169 59 27¢ 9 HAES-F9(Single Seed Descent,
SSD)< o] &3t AAetar 201610 FA ol wifFEdAlA A o<l

[e]
Ak =dRolA s 918 48 SY8-THO @AW|7|E o]&sto] A7) An]dH)
oM EdEALE AAse] 7IEY, B9 SO ofFIMAIE Al =AWl JHAE
kel
Ak A 2531418 9] Mpgd ol A A M3 Hf-vll- Ed R o] JRAl= 62745 (2.45%)

. Adtd A4S Middle Giant Embryo(ge_M) 3715, Large Giant Embryo(ge_Lg) 27
¥, Waxy(wx) 371%, 29 34]%, Chalky 4141%S 33 624159 MzAws At
2017 stA e Aol Arlskar My el A 9.

# 3-3. =AWl Al o&f Ad i EAMolAl JHAlF

ge_M ge_ Lg WX = chalky 7] e} Ea

7N A 5 3 2 3 3 41 10 62

ge M ge Lg WX s chalky

I 3-4. =AWl Al os) Adue vl =AWolA FH

- welg Aol Y MW A% A YIEH AKEHS FEAEY AT
el Fohe] BEOR ALSH AokBRs AFS TR she] 105E INEoR o
of 3MBow 1Y, 5], #4 5ol EA AREHS 2.
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o9 3-6. SEM



(W) Wo] LAY AF FHEE ATHG 24
S wRow

O Wo] A Als=

]:]

- 2015 FAlel A = 43

fdﬁi ggste] AEFE FA4 ol8= %{PEH —?E Fi7A&
4 il =

a9 3-7. 20161 stAlel SEM AlE

- 20161 shAlOl SEM Al o] &3t 371 wujxgs Ao 20174 shAlel 2870

AR AAete] Egol AAste] A sa AAF

# 3-4. SEM AlsS& &85 FHRE §4

HSE A& ey =771 v 54
17-SCF,-1 16.08.11. 8/13 BTRSE |
17-SCF,-2 16.08.09. 8/9 Ao} &2
17-SCF,-3 16.08.09. 8/15 Ao} &2
17-SCF»o-1 - 8/11 Y, 1=832
17-SCF»-2 - 8/9 Lt hos
17-SCF»-3 - 8/9 8%
18-SCF;-1 8/11 ge_ M
18-SCF;-2 8/11 LA
18-SCF;-3 8/11 L= A
18-SCF;-4 8/11 ge M
18-SCF;-5 8/11 a2 ol FAE
18-SCF,-6 8/11 ETAE B:L
18-SCF;-7 8/11 A
18-SCF,-8 8/11 ge M
18-SCF;-9 8/11 WX
18-SCF;-10 8/11 wx 9G¥
18-SCF;-11 8/14 WX




18-SCF;-12 8/14 ge_ M
18-SCF;-13 8/14 ge Lg
18-SCF;-14 8/14 LAl
18-SCF,-15 8/14 Lo g
18-SCF,-16 8/14 1=F4
18-SCF-17 8/14 ge M
18-SCF;-18 8/14 A kel ]
18-SCF;-19 8/14 A ek a2 o] A
18-SCF;-20 8/14 a2 o] A
18-SCF;-21 8/18 WX
18-SCF,-22 8/18 WX
18-SCF;-23 8/18 WX
18-SCF,-24 8/18 L
18-SCF;-25 8/18 WX
18-SCF;-26 8/18 wx, ge M
18-SCF,-27 8/18 wx, 2] o)A F
18-SCF;-28 8/18 wx, 2] o] f

(4) Fo5H FFo] AAAL

A gHE 3 DNA profiling 15

(7}) NGS 41 7|9 & ©]&3 DNA re-sequencing

O F8 re-sequencing FX3EF9] 7|
- FRIFEET MAAAE 404, 223 E 47D FAA AR e 98 E A
= T3
3 3-5 At FEREF BZE
No. Seqlﬁjence Val\%c?ty Generation No. Crossing Combination
1 SEP98000 JS-6 JS3-10-31-5-1-3-1-1-1-B T XI-43(F A Fo-2)F v
2 SEP98001 JS-7 JS57-10-39-12-8-3-5-1-1 F 8 /J-42(F 3 *F,-2)X Yumechukusi
3 SEP98002 JS-8 JS56-7-34-12-7-3-1-1-1 8] [J-42(F 2 *F5-2)X06-52] -16(F 3 *F»-2)
4 SEP98003 J5-10 JS7-12-99-10-6-1-1-3-1-1-1-B | F/J-43(FH *F,-2)< % >X(Z’$H)Dull ¢ >
5 SEP98004 JS-15 J59-3-73-15-5-1-5-3-1-1-1-B | F~&/J-43(FH *Fo-2)< % >X(Z1’$H)Dull< T >
6 SEP98005 JS5-14 JS7-3-69-12-6-2-4-7-1-1-1-B | F/J-43(F % *F»-2)< % >X(Z1’$H)Dull ¢ >
7 SEP98006 J5-27 JS20-4-65-9-5-4-3-1-1-B T/ ¥ 135 X06-F1-85(¢/YJ*DawDam)
8 SEP98007 JS-33 J546-7-74-17-5-2-1-1-1-B | ¢ XJ-25(Sigahabutae/DawDam)
9 SEP98008 JS-34 JS26-7-63-6-7-9-1-1-1-B F2J-43(F 4 *Fp-2)XJ-104(A o vl &)
10 SEP98009 Js-3 JS11-5-81-12-7-3-1-1-1-B | s} ¥ ¥ XA-31-1(F "))
11 SEP98010 JS-9 JS5-12-63-11-5-7-1-3-1-1-1-B | F/J-43(F % *F2-2)< % >X(Z’$H)Dull ¢ >
12 SEP98011 JS-16 J59-3-73-15-5-1-5-3-1-1-1-B | F~&/J-43(FH *Fo-2)< % >X(Z1’$H)Dull< ¢ >
13 SEP98012 JS-19 JS7-7-54-15-6-3-1-3-1-1-1-B | F&/J-43(F7 *Fo-2)<$ >X(Z’$)Dull< § >
14 SEP98013 JS5-11 JS7-12-47-17-15-7-2-5-1-1-1-B | F/J-43(F % *F2-2)< $ >X(Z1’$H)DullK ¢ >
15 SEP98014 = | - -




A

16 SEP98015 J5-1 - _
17 | SEP9s0ls | A | - N
18 SEP98017 23] - _
19 SEP98018 Az - _
20 SEP98019 oA - _
21 SEP98020 41 - _
22 | SEP98021 | Avaw | - N
23 SEP98022 Hok 425 | - _
24 SEP98023 T - _
25 | SEP98024 | Aopw | - N
26 SEP98025 A - _
27 SEP98026 SRR - _
28 SEP98027 a4y - _
29 SEP98028 A1 3 - _
30 SEP98029 =R - _
31 SEP98030 MS11 - _
32 | SEP98031 | wAls|7tel | - N
33 SEP98032 EagiRs: - _
34 SEP98033 AFH - _
35 | SEP98034 | Abau | - B
36 SEP98035 A4 - _
37 | SEP98036 | W | - N
33 | SEP98037 | =uw | - N
39 SEP98038 A} - _
40 SEP98039 ] == - _
41 SEP98040
42 SEP98041
43 SEP98042
44 SEP98043

- FRFEFEZTY A AEA Aol tis] 15 DNA F%-8 Sampling 4o F2 3%

- F% PAE 98 15 x 30 em AAWEER 1% 15 1202 % 205 W8l 1 Line

o7 xHoldt
- ZEA% 1 Line 5 10-195% o2 El2 43F 1| Lined 248 7|E A&z x84
(Fd T HE)

57 bulk® sampling 3+ AP 13 5L #AY FAES o] &sle] HFg)
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O_. 1704 ¢/ F UMD gn)

Case 1. Case2. |
R; Plant R; Plant [——> | R; Plant
';- R, seeds o] & -|

- —Zr&—r FEY AA Am(whole genome)ell thgh FAAAREA S FaAstA o, A
(chromosome) Z}z}ell o &t %3037]‘463‘/‘3(smgle nucleotide polymorphism, SNP) %
Insertion, Deletion 9 9& #4]3}

- A A e B,

OAE AEY ¢ AFEAAA 15 2oz Aujd dS MEHS vE Ax F

genomic DNAZE DNeasy® Plant Mini Kit(QIAGEN)E ©]&3}o] F%.

g-DNA A& MEHE g DNA %+ HA 30ng/w7F A 3

© DNA QC(Quality Control) :

e TFluorescence &% =74 : Quant-iT BR assay kit (Q32850, Invitrogen)®] 32 & F o
we} A 82 A% 3 Qubit machine(Invitrogen)S ©]-83F9] ds_ DNAY =5 =4,

e UV &% =4 : Tecan F200(Tecan, Switzerland) & H] S A}-&3Fe] OD 4.

o A7 %: 0.7% agarose gelell Fluorescence 7]DNA 30ng loadingdle] &H<l.

e Trinean Xpose(Trinean, Belgium) @ Xpose #H|Z o] &3] ds DNA ¥%, OD3ZL,
Sample impurity S 4.

O Sequencing : library construction®}d < A HiSeq 2500(Illumina)< ©]-& 3} short
read sequence AJAF.

B Data mapping % assembly : BWA, samtools, snpEff5¢ BioToolg ©]&3}4]
Mapping, Sequencing Depth % Coverage 291, Variant CallingS 3to] fastq®d 2] <]
RawData 395 A4 &h

- A AEA As o]&g SNP H In/Del 99 &<l

@ Data Analysis : A% fastq@ 2 3U& o] &3t Data calling ¥ annotations
a3t .

-

Filtering %7 : mapping % calling® fastq 399 A& = (accuracy)] 3}
sequencing®ll ©]-&% adaptor, Low quality readsZ A7 3}. Cutadapt, sickle toolo]-&3}.
© Mapping % Sorting @4 : ReadE Genome°l| w°]+= #IA. BWA, Bowtie, GMAP
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Depth

(Cavermge

==Coverage——

a9 3-10. FAA AEA process

Filtening Tapa
({lastg) CF':’“
- [weh)

19 9. Analysis Process

i it i i

O Remove Duplication ©A4 : 2+
AAE = @Al Samtoolso] &

&2 sequence?] read”t &% ©] mapping¥ ol 3l



ll»

Mapping Z3&

Nucleotide

® Variant Calling @4 2 35Fe]  SNP(Single
Polymorphism)% &< 2+ #¢]. Variant £HFE SNP, Insertion(+#& =} A,
Deletion(f+ A} A<=)<9. Samtools, GATK tool ©]£-.

-

'.....l. .l.ll. J;J. J....I.-.il:l_.Ll:..L..l. L e T

e el ——

Faleroncs
P e
SR || ction = =i e e =
w i e
Diaba i e [ 4 ) - i
[Inaartion —be. L K & WL
e Deshasrticar - e mm
Structural | |ponrmion i e
varislion
Duphcation s i —fr—mmer—)
Transhacation o | - i

@® Variant Annotation © 7 : Variantol] 3t F7F AR 3. 2 FA8S VCFEA o AF

€31 Reference® Variant@d H 7} gl ojoF 3

© "o FA4A 9714492 IRSGP 1.0(International Rice Genome Sequencing Project)®}

Wlatete] 7k aA ArA R g FE 4T

= .

O AT+ZAH
- FRoIHIEFTO FAAAMEA ZAI sequencing qualityell Wl sequencing
read’} A E35HA WSO R AQJNA dutsio], AtdE AU FE23% ARJAAE

o FOTHFEZFT 444 (SEP98000, SEPIS001, SEPI8002, SEPI8003, SEP9I8004,

SEP98005,
SEP93012,
SEP98019,
SEP93026,
SEP93000,
SEP98033,
SEP93040,

SEP98006, SEP93007, SEP93008, SEP93009, SEP98010, SEP98011,
SEP98013, SEP98014, SEP98015, SEP98016, SEP98017, SEP98018,
SEP98020, SEP93021, SEP98022, SEP938023, SEP93024, SEP93025,
SEP93000, SEP93000, SEP93000, SEP93000, SEP93000, SEP93000,
SEP98027, SEP98028, SEP98029, SEP98030, SEP98031, SEP98032,
SEP98034, SEP98035, SEP98036, SEP98037, SEP98038, SEP98039,
SEP98041, SEP98042, SEP98043)°] +d A4 A4 A3 5- 3% 3- 5oz AYitd

read™ Z} position W2 HH A o2 30-40 °]Ae] quality scores H.o|H,

scored] HWIgke 37-38 A= ¢ e F£Fd AAHor =&

S Hole Aow FHuy., T3 GC content H & HAWEe
theoretical distiribution< W nl% 2z LA}SH= Zlox2 W9,

A A quality
sequence quality
40-41 SAH=EA



o
bt

base sequence quality

Pard 11

base sequence quality

[ttty

base sequence quality

base sequence quality

9 3-10. SEPI98000™SEP98039.fastq sequence quality

FHFE

overage+

<

B

|
% s =
L W T L L ey P TRy ]

sequence quality scores

" —— —
|
|
'l'l"l".T-l'l'T‘l'l:l_T'ﬁl-_:_-f-E_- LT
sequence qua]lty scores
s /
- _..,--""'

sequence quality scores

ANRE ngo R 1adEd AAIS 40017 FREHETS
53 7S5, Sequence readi 60,481,53770 1™, Mapping rate® 93.06% = 1}
14.2Xo] ™, SNPe] total 7§54+ 618,212, InDel®] total 7N+

o] FAA AEA(DNA Re-sequecing)S 474

Sa—

R NP T LI LI LI
e B

sequence GC content

= ot et &

5
S R L B
e

sequence GC content

O O TR S

i

O T

sequence GC content

FARAEH A3}

2 F7bz 249



Lo BEAlo] 2w H 4043 g 4474 el Haplotype 4o &2 F8& =¢
A FAx EAE

ul

- Sequence read: 100,493,7237) o], Mapping rate:x 98.05% % e, H1 Coveragei=

10.,3X°] ™, SNPe] total 7§<5(missing data X3H)= 14,286,770, InDel® total 74+
2,9465899% 2 Y EFH.

¥ 36 FAITREIZ] SAAANEA A A
Accession Mapping Mean Mean depth
No. Sequence read . . SNP InDel
No. rate(%) depth in gene region
13d = 40 60,481,537 98.06 14.2X 13.6X 618,212 84,080
22 A =" 4 100,493,723 98.05 10.3X 10.02X 14,286,770 2,946,589
* missing data ¥3F
(5) DNAwEA o]§ ZdWe] 3 x7|o|x
(7}) NGS #41 7I¥ & ©]&3 DNA re-sequencing

[} > = 5
O wi =dWo] /A Z7]AdS 98] WolyhdntA e s B o] &
- Wi FE FEAREe o] g A (allele) A 2 A Y
Wl & /A1 2= GBSS, WX, GBSSII, SS1, SS2, SS3, SBE1, PUL ## A} W& &
[e] =] o)
o] MAFAAS AT
3E3-7. 08 wiEE FHA gE
No. Gene ID Gene name Position Transcript variants Description
chr06:1765622..1770653  (+ | 0s06t0133000-01
1 0s06g0133000 GBSS, WX | Girand) 050610133000-02
Granule-bound starch synthase [
9 050720412100 GBSSII chr07:12916883..12924202 (- 0Os07t0412100-01
g strand) 0s07t0412100-02
3 050620160700 ss1 chr06:3079296..3086808 | 050610160700-01
chr02:31233292..31238210 (- 0s02t0744700-01
4 0s02g0744700 SS2 strand) 0S0210744700-02 Starch synthase
5 0s08g0191433 553 chr08:9353697..5363276 (| 050810191433-01
0s06t0726400-01
chr06:30897378..30905803 | 0s06t0726400-02 :
6 0s06g0726400 SBE1 C strand) 0061072640003 starch branching enzymel
0s06t0726400-04
7 0s04g0164900 PUL ChrO14408357..4418889  (+ | 050410164900-01 Similar to Starch debranching enzyme

Gic1P

AGPiar
{ AGPiso
AGPsma

ADPG

a-1,8-glucosidic linkage a-14-glecosidic lnkage
554
5511
55.41-2

w Amylopect bogimy
* Me— ylopeciin S8.0-1
h hain-slongation | $5.-2
55-V-1

58.V-2

SBE1
Introduce new
branch { et

SBE4

sa

Remove {
PUL

impropar branch

Amylose | € Amylopectin

a9 3-11. 9 w3 5129 ATA 4 ZE(Tian et al. 2009. PNAS)



- TR So] YAt A U
@ http://rapdb.dna.affrc.go.jp/ Aol E H<&
GBrowseZ %3 44 Gene structure F X 74
e chromosome @S & US 45 A<
= AW FAA 49 A chr08:20379823..20385975
© HME FHA2] Gene structure AHE F3 5-UTR, intron, exon, 3-UTR %4 9]
position AHE 7] =3}
O FAA AKX Variant Calling Data(VCF) oA 24" sidfdxe AA
position % 9-& sorting 3.
3l position®] chromosome 8¥ ol 2037982301 41203859754 74 $-
= XBo]g& : python /data/soft/selectvef chr.py data/newdata/SNPcalling/bam
/RWG-ALL.dedup.AddRG.realn.vef output-filename 20379823 20385975 chr08
® g FAA dAo] sorting¥H o] Y AL L2 EA<L(sequece)® W
e python /data/soft/vcf—-snp_haplotype.py input-filename output-filename_Hap
® H3w o]z Ao A reference sequence®t T}E alternative sequence®l| sl &
® sl FAx W ZF positiong Zo](base pare)E W33}
e (313 SNP position - Haplotype #41S 3l Gene? A2} position) + 12] AAH2A
RS
G ©29 =AM ZF J9H=Z fastad 2 o] sequence Ho|H S H-ALg
# Geneious TZ1YS o] &3] A9f sequence™ O WAS W= ZF g2 Hap
a2 sequenceZE A A3t
D AA 1 gene 392 sequence®}t exon 2] sequenceE alignmentdt.
@ Alignment o3 345 T3] exon 999 sequeced countT F Jom, A FH]

Skl 222 sorting ¥ Aol® W3StE wdoA] Haplotype 4] A A&

"IIIHIII
i
1“ L |
Al
U L]
wewin
| [
|II|||II|I|

iiih
=

§
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—
S
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O 1xPd %= ¥ wlf #H 722 Haplotype &4
- GBSS, wx 14 #H0s06g0133000) Haplotype 4]

0s06g0133000 (+strand)

[ 3
5'.UTR 3".UTR
teon | 3] 5819 ]
EE 86 |2

cion LSRN B ] 2

l‘uullun!l';li :'.1;5- aﬁi:!::n

Typod | G | A T i i

Type2 |ORD| A | 1 | c | 8

Toea| G eS8l t | c | 4

I;p-cdl G | A | C T 1
e X GBSS ¥ wx A ths] 407 FLIHEZFo] F 4709 haplotypel & TE I
Ao typeldl A 27719 FAFREFTO] AT AAYd 53 alleles 7HA L AR
o]&= GBSS ¥ wx FAxe Eo] alleleS 7FA 1l YA = Ao=wm Hrp ¥
o Type2el 7% exondWolA Fold(G)e] otdld(A)e= Wold alleles 7FA I AN
o FY MA F Arginineol A Histidinel. & o}nj=Ato] WM3lE Ao 7]+= 7] %3}k

(non-synonymous substitution) S H. <.

e Type 39 4% exondHolA oteld(A)o] A]EAI(C)Y] alleles 7HAL Ao

Tryosineo| Al Serine & & o}n|x=4to] W3S Jo7|= A7]x3S BIYS.

o Typedol A= exonSHol A E]JWI(T)o] Alo]EAI(C)2] alleled 7FA AL Ao}, o

Abo] M3lE do71# ¥E F9ox 3 (synonymous)S H IS, exondHo| A Alo]E

o] El¥I(T)Y alleles 7FA a2 A2, Prolined] A Serinel. & o}n|=Alo] W3LE
71+ G71A %S BRI 5.



- GBSS I £ A 2H0s07g0412100) Haplotype +1

Os07g0412100 (- strand)
=

3-UTR 5-UTR

ELRG
Qo
o

Buog
RUOTg
P
i

ELMaeg
[y
Truorg
Lo
Gy
Sums

[ E N EE

[ # # 1 T .
o . . o - = . & 2 = L =

W v i T - | & | £ - | = E
xﬂi-:_e;'.ei'._-ii—.;

WM S R

T
= | ks ooy | i

(i | AR | i | N TRTN | A JE) | AR | AR | e | WER | GLED |
il 0 I R O

e X GBSS II FxAtel sl 407} FLFEFFo|l F 4709 haplotypel & F#5H AL
™, typeloﬂ/\i 237114 FRFHFFo] BeHdAY & =

= GBSS II f3#F9] 50| alleles 7FAaL A &&=
e Type29] A% exonll®oAl oFdd(A)o] ?LOH/]_(G)P—E A
o #FY M9 T LeucineolA Serinel & o}n]=2ko] E‘iﬁ}% do7l= @71A 3
(non-synonymous substitution)S X% 3.

o Type 39 4% exonllWHolA oldld(A)o] Fold(G)oz ®Wold alleles 7FAL 3l
o mY A9 F Leucinedl A Serinel ® olm|i=4to] W3IE Uo7|= A7) X3
(non-synonymous substitution)< H 315, exon2W oA ol (G)o] otuld(A)9] allele
S A e Alanineoll A Valine 2 @71 X3S B

o Typedol A= exonl3HA Al Fold(G)o] AFe]EAIN(C)S.&, ERI(T)o] AFo]EAI(C)9]
allele2 7FA32 212 ™, Leucine®] Valine® 2 ofn|i=Al WM3lE Adoy|e= Hr7|x3sS
E)\/\U

o 7} Typed alleleE2 3% GBSS II ##Ae] 5o }ﬂi N 7bsskH, ol T4
?‘E Fo| nAdEo] mAR && Ve Aom 44



- SS1 4 2H0s06g0160700) Haplotype 41

0s06g0160700 (- strand)

E T 0 FEEEEY FUEF ¥
2 2 a2 233333 Hidd 2
[ £ il b - O
toon__ | W 9 1 8 1 1 L8 L El a_ 1 12 1 2 1]
- b = - -] - -] a - x - -
A [ ] 0 W Iy " " » i 3 5 .
- = | T - W - @ a < [ = | = < | B
& e | = i3 1 >
el s(3|8|z|8|8|8|35|¢|¢|]
todon | & | @ ! A | s " 4 - 3 3 %
E | 2|85 |® | §|E|% |8 |8 |%|&|8
Poatn | 1500 11 | 3094 | ¥ERG | 37MA | 4R90 | SOB | SOPD | SAS0 | sEn3 | AeTa | 724 |
T T A & T ] A i i
Type2 G el . 5 ] A 5 A i 6| A C 1
Bpel LA 1 N S - I N - Y I -t B
o =] == o) 3L % = |=]
o 1 SSI fFHAFe wial] 407 FLFHFFTO] F 3702 haplotypelZ FEHoH,

typelol Al 38719 FQRIFHEFo] AT-FAAL} LI alleles 7FAL AAS. ol
SS1 frA kel Ho] alleles 7HAaL AA] &= A
o Type22] 749 exon9Hol A EJRI(T)o] ALO]EX(C)oZ WolH alleles 7FA 1 AL
H, #Y A9 % Lysineol A Glutamic acid® 2 o}m]i=4to] W3S do7|= 97]X)3
(non—-synonymous substitution)S X912

Type 39 749 exon8HolA Fold(G)o] oFdlU(A)e] alleles 7FAaL Ao,
Histidine®] Tyrosineo. 2 o}ln|=il WslE do7|= H7|A3E B
e 7} TypeH alleleE52 35 SS1 FHAe] 5ol AR /i 7lsstH, ol Fo5H

w5 ASo] mMAR Z& Thed Aem didd.

- SS2 # A 2H0s02t0744700-01) Haplotype 41

0s02t0744700-01 (- strand)

-
3'-UTR 5-UTR
l.. - -
i ¥ FE ETE ¥ £
ER 303 538 & 2
Exon 9 3 : 2 2
= 3 -
s [ "
- z | w = o
z
o [ - (=] =
Bl s| b B|2]8]3%
Codon 4 » A A ]
o = -
E|2|B|&|8 |2
“Position_| 755 | 1140 | 3841 | 3917 | 4371 | AdD& |
Typel G G A T C 1 9
Typed A (1] A T C 1 T
wer | 6 Pa el e sl o

e 2 SS2 fFHAHOs02t0744700-01) el thal 407 FLoFHFEFo] F 3719 haplotype



e
Uo_ﬂ

o typeloll Al 29719 FoSTREFFTC] T HAAY} L3 alleles 714
. °l= SS2 kel Ho] alleles 7HAaL YA Fe= A

o Type2°o] 749 exon9HolA Folbd(G)o] oleld(A)e 2 Wold alleles 7FA I
o FY AM4¥9 T Leucine°l*] Phenyl alanine® & o}n]=Ato] W3S Ao 7|+=
2| 3H(non-synonymous substitution)<S H.$3 2.

e Type3el 7A¢ exon3WHolA oltd(A)o] Fold(G)o iz WHold alleles 7FA 1 U
ow 3y AY F Serineol Al Proline® & ofunj=2to] W3S Udoy|E= H7|x 3
(non-synonymous substitution)S X 3+

o 7} Typed alleles2 &F SS2 F2A] Eo] uAZ MNP 7h5ety, ol TR
FF HASo] AR &8 Tt Aow .

K
oS
32 A

- SS2 /A 2H0s02t0744700-2) Haplotype 2]

0s02t0744700-02 (- strand)

PR

|
fwoeg

ExGn : A4 4

e =

AR L G
- x 2
i = 1
= = g

Codan i s

o
| B | 2
Position | 755 1140

Typel | G | G 29
Typo? M G 7
Iyped | 6 A | L]

o X SS2 FZAHO0s02t0744700-2)9 thall 407 L5 HEFo] F 3709 haplotypel &
TEEHA o, typeloﬂ/\i 20709 FoFREF] AEFAANL TLT alleles 7FA 3L
A5, o= SS3 FHAY Fol alleles 7FA AL AA| &+ Zigi 27t ¥

o Type22] 4% exondWolA Fobd(G)o] otuld(A)oz Wold alleles 7FAI U
o 39 AME F Leucinel A Phenyl alanine® & ofuj=Aito] W3S Ao 7= H7]
%] gH(non-synonymous substitution)< X .31 S-.

o kAl BRIl 0s02t0744700 - 01 2] isoform¥b+= o & A& HI L.

o 7} Typed alleleE2 &F SS2 FHxAe] o] utAZ /MW 7lsetH, ol F8TH
FE MASo] AR &8 Tt AoE oitE.

- SS3 4 2H0s08g0191433) Haplotype &4



Os08g0191433 (+strand)

[
5-UTR 3°-UTR
' -— O & & @ = - -------II
r FEFTET T
] BEETEFET R R REZFE DR
2 faiaad 33 iiioii
= I R O

il
Bawn 3|3l 3l3jajalale]: ‘i‘ 3l slajalalsp3l ..1.. T T T A AT
?'.'.'f:‘l‘:':‘.?::‘;f“f':?‘?f‘[ff‘i“:"ﬁﬁf:?ii‘
s - o | « | - - = | & | = - i | ® | w | = e | || = HEY - = = l=| | a :. -1
— T =i e e o bt | et i) Lo g
EIS|E(E|E|S B2 || B3 [X|2|3 |5 |5 3|3|2|6|3|5|5|8|3|5]| §
[ ) A L A L] L] A - & 4 A & & A A A & & ~ A A L] L] L] L) & I L)
33 g|8|e[5|a|d|e|e|a|d|alale|b|z|a]e eld|e|sle|s]
Pstion | 23| 106 | 347 | 4 | GAN | 684 | 719 | A0 | 1606 086| Fh6 | LA | ISAS] T5AA | [SRT| VGRE| 10 (6RR ] 1967 | F1A7| 1703 | N150] N7 | 9073 ARAD| A16A
rmj -._l“ [ -_l-- L 1 T _...I_.‘ L | C | C ! T | 1] . L0 -...I_:__ G | i | L0 | 1 ! L _“!“ # | Lr] ] [ 1 !.n h_':l T -_.E_ FL]
Eod B EE NEREEENEER DEEEEEE 0 NS Bl
e N I i L € e € |
[Ehwea | c | o | c B o (G . R 1 RSN o [RGB c | e
o X SS3 fFAAl thaEl 407 FLFHEFFO] F 4719 haplotypelZ TR o,
typeloﬂ X 25709 FRIHEZO] LFEFHA LY %o Sk oalleles 7FA3L AR S, o=
SS1 §279) Fo alleled 7147 UA @& Aew Bl B

o Type2ol 7A$ 4709 FLIFTHEZFo] exond3WHolA C->T, C->T, T->C, C->A,
T->A, exonbHAA G->A, exonl6HAN A C->TZ WolH alleleo] ¥z,

e Type 3, 49 E3 o9 allelec] YEtEt o, AA A4 H FoFHFT 45 SS3
FrdAfell A alleleol] thall mlAdsd £ dolH o thr]ste] Hoh B3t 78 alleles
WEaof & Aow Wel

- SBE1 4 AH0s06t0726400-01) Haplotype 4

0sD6t0726400-01 (- strand)

-
3-UTR 5"-UTR
— Em W W W 8 e - — —-4
o
f EF BF EEF F r EF FE
2 23 3 23 a2 F3 3 3 3 3 33
B Ee wew D@y o n AT =3
& why = O
Tanm ] ) 5|
= = 2
: F 5
= L] ]
B
- L
E | 4| & |4
Codin 5 + -'
]
g 8|8
_Paiitioh [ 1148 | I600° | IR
Trpe! G [: & 1!.
= o N 0
yped | A | I [ 1

e 1 SBE1 -#%2HO0s06t0726400-01)ell thall 407 F8FRHEFZFo] & 370 haplotype 2
o]

2 FEHNeH, typelolA 35719 FREHETO] ALt sLT alleles 714
I AAS. o] SBEL F31#2 Eo] alleled 7HA A YA &= Ao g Hrl H
e Type3e 7% exondHAA ALl EA(C)e] EIRI(T)E] alleles 7FAal Aow, =9
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A9 F  Glycineol Al Aspartic acid® ofv]x=2Fo]  H3}

(non-synonymous substitution) & H. <.

- SBE1 3 AH0s06t0726400-02) Haplotype 4

0s06t0726400-02 (- strand)

|
; .
3°-UTR 3-UTR
F - - — — O — - — . —
FFPTE ¥ FrF E 43 FrF T
=0 - - - - -] 9 a e Q 4
= 3133 3 33 3 =] 3 3 3
PRuse o ™ n - T
fsom | 13 | B | %
= & -]
L) A 3 %
= [=] =
3 =
= 2 = "
ok & = )
Codan 4 » #
= b1 4
-]
8 g
Position | 1244 | 7600 | 4720 ~
Typeed G [ G 5
Tipeed B - T a
Typel i 0 1

e = SBE1 4 2H0s06t0726400-02)l w3l 407 F8FH FFo] F 3719 haplotype

2 FedRer, typelold 35709 FoFHEF] REFAAS} TL3 alleles 7HA
I AAE. ol= SBEL #4728 5ol alleles 7HA 1L A &+ Aow H7t H.
o

o Type3e 7% exondHA ALl EX(C)e] EIR(T)S] alleles 714
49 T Glycinedl Al Aspartic acid=® o}n|x=Ato] WIS A

(non—-synonymous substitution)= X %<

- SBE1 4 *0s06t0726400-03) Haplotype 4

0s06t0726400-03 (- strand)
=

3-UTR 5'-UTR

[uosg

Ewom | 20 | 1

- B

A& 9 A
! | 3
3 o} o
= o 2

Codon & 4

i

% | E

Position | 37| 7454

Typel G A 15
Twoer | W e | 4
r!E! | & A 1

e 1 SBEI 4 2HO0s06t0726400-03) sl 407] 25 EF o] F 3719 haplotype



2 FEEYeH, typelol A 35719 FRIFEEFTO RTFHAALLG TLS alleles 7HA]
I YA, o] SBEl FAA2] Eo] alleled 7HA 1 YA e Aoz Hup g,

o Type22] A% exonl®olA Fold(G)o] oteld(A)9] allele2 7FA1L Ao, =Y
Aq4d = Glutaminel 4] Stop codon®. 2 W33t o™, exonl®o] thE X &= of
g (A)o] Told(G)Y alleles 7FAa Ao, o] <13 Leucinedl A Prolineo &
ofu] = Abo] W3LE 2 © 7= 7] X 3H(non-synonymous substitution)S H .S

o Type3® 75 exonlHolA Fold(G)o] oldld(A)9] alleles 7FAaL AN eH, 51

<9 % Glutamineol A Stop codon®. 2 W3S H YL,

- SBE1 3 #H0s06t0726400-04) Haplotype 4

0Os06t0726400-04 (- strand)

4
3-UTR 5.UTR
F - oww — — — - — - H
B mmom T mm [
EEFETE T EF F ¥ FE E
32333 3 = 23 3 3 - | 3
Domie i 0 o 1 n = WwoR =
L RSl -]
Exan | 13 1 £ 5
= o -
A 8 8 8
1 T =
= [ - o
I O -
Codon 2 % e
g | g | =
B 2 &
Penition | 1244 | 7608 | 4270
el | G i L (&
el | A A 1
heed | A | [ 1

e I SBEl % 2H0s06t0726400-04)l &l 407 8% HEFo] F 371 haplotypeo
2 FEHYeH, typelol A 35719 FRFRETO] RTFAALLG 5L alleles 7HA
I AR, ol 0s06t0726400-01 A=} LA A3E YeER S

e SBEl1 fr&x}e] A5 4719 isoforme] EAetA o™, A= ZAY & 4347t YE
1}

- PUL 7% #0s04g0164900) Haplotype 4

0s504g0164900 (+ strand)
-
5'-UTR 3'-UTR
— i — -— _---{
Rt 38 | R b bl B e
G BT E fEEF BE 5 EEE
i2ai i 23 3 33 23 33232
@ S gah B BEEE
Exom 1 5 [ 1t i1 i5 15 17 1.}
e e P TR B i T B
AA A A A " " L3 A A A
- by “ a ™ - a 9 < |
H = 4 1 - E £ | &
Eld| 5|8 (BIE|Z)B|5 |3
PP |(0 e | o M- B (el Wl e
= - - < if i o
Elg| %3668 |%]3
rnsmon: 51 :J,{I_r;.::l-qi:t.ﬂh:..rl_igv.'aggr:..:_a_m;sfﬁ_f A0,
Typel I ] A L 5 (8 [ [ 8
Typed 1 I " c | c ] [ 1
Mo lesd L S 54 G
Typed C | T | K& L A1 T |-N i




e 2 PUL A sl 407 FoFHEFFT] F 3712 haplotypel 2 %% oH,
typelel Al 38709 FoFHFTo] ETFHAASY 54T alleles 7HAL AR o=
PUL 37k 5ol alleles 7FAaL A &= Aoz HF7F 4.
e Type3el 75 exonl®HolAl EJRI(T)o] ALo]EAN(C)Y alleles 7FAaL eH, 5149
<Y % Phenyl alanine®lA Leucinel ® o}nji=4to] W3S Jo7|:= A7) x 3
(non—-synonymous substitution)S H.$ <.
O 2xbd %= ¥ ¥ & FA =} Haplotype +4
- SS3 -4 #H0s08g0191433) Haplotype 4]
Os08g0191433 (+strand)
==
5-UTR 3-UTR
I ] _m'm'm‘m'm'm'm'm',,'m'm'".'m'ml
"".#'-1-‘_'\--..,_.
B0 A S S B 20 D o o B S A e oy
T lglalelE|E|s s |ale|Elg]8 s a5 ]8]z]a]3|¥6lE]5]]
o 70| 40 A | | 75| 3808 0 5 T 5 i o ok 5 S
son KN EEES - EMESEEGEEEKE  CEESKISNEN - EYENGEEE EE 6
e i |
o 2 SS3 At tisl] 447 FLIFRFFo] F 4709 haplotypelE FEEHIUSH,

3

AA

typelell A 29719 FQ 3K FF0|

SS1 -2 AFe] Eo] alleles 7HA 1L =

ZRAA} FLE alleled 7HA Y

1

5

o] o

M. ole

= Ao® HJ7t H.

o Type2e] A% 4719 FRI3 B EFT] exon3HolA C-OT, C-DT, T->C, C->A, T-DA,
exonbH ol A G->A, exonl6¥el| A C->TZ WHolH alleleo] TZH.

e Type 3, 491
A A alleleol]
alleles WEsof & o=z HY,
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- SBE1 -+ =#}0s06t0726400-01) Haplotype 4]

0s06t0726400-01 (- strand)

s
3°-UTR 5°-UTR
P_-—- - — - — _-_l
e PP FT EET F £ FF eg
8 6c o o 9 oo 8 8 5 B 8 d
3 23 3 3 2 33 3 a a 3 23
- el e~ - ] -3 w o -
o WA e O
_Exon 14 9 6
&= =] o
AA A A L
= 3 (-
z
= H‘ = T
g 3 g |
Codon ‘f N »
(%] (=]
g |8 | 8
Position 1244 2609 4229
Typel G C G 39
Type2 A c K
__Typed L L LS :

e 2 SBEl /7 2HOs06t0726400-0D) thall 447] Q3B EFFo] F 3712 haplotype o
2 FEIFASH, typelol A 3971 FRFREFZ] BEFHALG 5L alleles 7t
A2 YL, °o]= SBE1 F2AA2] Eof alleleS 7MA 1 YA &= Aoz Hy =,

e Type32] 749 exon9HolA Ao]EA(C)e] E]FI(T)C] alleles 7FA UoH, =
A9 = CGlycineol Al Aspartic acid2 ofr]x4to] WIS doJE= H7]x

(non-synonymous substitution)& = =

ot oft

- SBE1 7 #}0s06t0726400-02) Haplotype ¥4

0Os06t0726400-02 (- strand)

£
3-UTR 57-UTR
F - e a0 E— L] ——— . SE—
RARET A WA e % &
-2 § E B3 - g - g
Brbsa » Ja E =
Exon 13 8 5
= =] L+
AR B 14 d
= a w
2
-
B |5 | 8 | 8
Codon % & 4
g L
g8 | 8| §
[ Position | 1244 | 2609 | 4229 |
Typel G C G 39
Type? | A C I 4
Tms] | = 2 .G | 1
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£ SBE1 /7 #H0s06t0726400-02) thal]l 447 L% H FFo] F 37012 haplotypeo.
2 FEHJoH, typelol A 3971e] FLIRZIZo] EEFAA Y TLT alleleS 7}

_:{o

A YR, °o]= SBE1 F2A2] Eof alleleS 7M1A 1 YA &= Aoz HUl =,
e Type3e] A9 exon9HolA Ato] EAI(C)o] EIRI(T)] allele % ZHA AL Ao, A9
49 Z GlycineollA Aspartic acid2 ofn|i4to] WIS do7|E= Hr|x$
(non-synonymous substitution)< ¥ <
- SBE1 % 2H0s06t0726400-03) Haplotype 4
0s06t0726400-04 (- strand)
|
3°-UTR 5°-UTR
'_: §E8f £ E¢ § § §% g
Exon 13 | 8B | 5 |
Codon l: L': ‘:
i’mt m o ]-;'1-4_' :_'l;)‘_?:_ _il';['-:l___
Type1 ! [ L G 19
| Type? A S T &
Typed | A T G
o 2 SBE1 #2H0s06t0726400-03)0 th&l 447 F Q%R EFZEo] = 37)9 haplotypeo.

2 FEHNeH, typeldl A 39712 —rﬁ—?-lﬂ_ To] &AL L3 alleles 7+
A YRS, ©l= SBEl FAAS] Eo] alleles 7R YA &= Ao=Z HUF H
e Type29] 7% exonlWolA Fold(G)e] oleldA)Y alleles 7FA 1 or, I9
Ad % Glutamineoll 4] Stop codono.Z W3}s} o™, exonlHo & X U&=
oleld(A)e] Fold(BY alleles 7FAZ YRem, o2 23] Leucinedl A Proline
2 olm|iAbo] HEE Ao 7= 7] X FHnon-synonymous substitution)S H 2.

e Type39] 7% exonlWolA Fold(G)o] oldld(A)9] alleles 7R low, 149

A<¥d F Glutamineo 4] Stop codon®o.Z WIS RS

- SBE1 &% 21(0s06t0726400-04) Haplotype 4]
o X SBEl &% 2H0s06t0726400-04)ol thal 447) F23F 18 EZFo] = 3702 haplotypel.
2 FRIN o, typelolA 39702 FoFHEF] BEFAAL TYE alleled 7}
A1 PYPL. o= 0s06t0726400-01 @29} TU3 AFAE JERN Y-S
e SBE1 fxxte] A% 4719] isoformo] EAjetHoH, A2 ZAY &2 AA7E e

1}

=

- PUL 4 2H0s04g0164900) Haplotype &4
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0s06t0726400-03 (- strand)
|

3°-UTR 5°-UTR

§ uoxy

Exan 1 1
. a.
AN 2 A
o -
2
£ | 8| 8
Codan 2 A
o)
3 | B
_Fosition | 7437 _| 7454
= A =
typez | A G 4
Typed | A A 1
0s04g0164900 (+ strand)
=
5-UTR 3°-UTR
— - — - - — ---i—_llll
mm - mom mm m mmm mm O mm oW
W MM W W e WOE M MW W
e Bg o g & o © EEE 88 & 28 o
- - = 3 23 5 asd 33 3 33 5
ks s L o T e
woss

Bxon | 1 | S | & | 30| 11| 15 | 15| 17| 38 |
=4 = -3 ] - =] e - -
AM A S T IS BT R T B
[re = W o =l = o o - -
__ [ 3 a = E__E ‘-_ =
G g - b = G &3 ] 2|3
Codon L] B o A » f L] bl h
fe= f— | 4 - &8 w = ] .4
E|2|%|8|6|6|3|8]|8
Position | 53 | 1785 | 2194 | 6790 | 7129 | 8975 | 8999 | 9787 | 10140
Typel T I T G | & | T ] e l G G |42
Typed Al G A C T c G G 1
Twpes |G lbe sl ¢ Dkl e

2 PUL fFrztel] disl 447 FLIFHEFFo] T 3709 haplotypeo & FEEHASH,
typeloll Al 42712 FRIFRFFo] ZEFAALL} FLS alleles 7HA AR o=
PUL 3zt Eol alleles 7HA 1 IA = A= H7 #

e Type32] 7% exonlHolA EIRI(T)O] ALo]EAI(C)2] alleles 7}111 AR,
¥ % Phenyl alaninel4] Leucine® 2 o}u|x2to] W3S YoJ= 7=
(non-synonymous substitution)S X 32

O fr&fFdx gr H allele %S ©] &3+ At &AukA 74
= At EA4eA R e
@ Geneious Z 21 o]g3to] allele®] positionol| A + ShpA =] oS e
Design New PrimersZ& 231 Included Region 2472 a9 allele®] positione 7]
FOo 7 + 1,000bpBEE A Target Region A4S + ShpAERE AHA
e Included Region® AAZ<S + 1,000bpE AATE o= sd allele}t UF 7H7k-&
position¥ W primer design= 3} poduct sizeo] #|g+o. 2 o] 7§ 9] primerE design

ﬂ?‘i
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T+ s

e Target Region®| + bbp A% AHFE F&

;q] o]lﬂlﬂ%

© Design¥ primers

vl e
ERE K
E 7

e 96

BT B8

Genejous TF 17

allele 3L o

xcsv SRR A A

1€

thrl skl 919k

Allele position 4 &

O]-P]——‘E prlmer7]- ?SHD]' allele “r"&
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i

110*'
oZ:
et

Target region =274

A2 E AF allele target FA Al

d AL wjf =AW AAS =



A FR 8 allele 292 o &3 At 2R N 2l AE

=5
o0
Ho
ofo

. . o Product
Name Type Sequence Minimum | Maximum Length Direction Size
0s06g01330 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 281
00 - R _reverse AAGCGT
0s07g04121 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 242
00 - R _reverse AAGCGT
0s06g01607 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 218
00 - R _reverse AAGCGT
0s02g07447 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 274
00 - R _reverse AAGCGT
0s08g01914 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 280
33-R _reverse AAGCGT
0s06g07264 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 246
00 - R _reverse AAGCGT
0s04g01649 | primer_bind | CGCTGGTATCCC
1,804 1,821 18 reverse 253
00 - R _reverse AAGCGT
0s06g01330 . . GTGACGTCCTC
primer_bind 1,604 1,620 17 forward 218
00 - F GGTGGC
0s07g04121 . ) CCTGGAGCAAG
primer_bind 1,580 1,596 17 forward 242
00 - F ACCGGC
0s06g01607 . . GCCCCCTGGAG
primer_bind 1,576 1,592 17 forward 246
00 - F CAAGAC
0s02g07447 . . CGAGATGGCCC
primer_bind 1,569 1,585 17 forward 253
00 - F CCTGGA
0s08g01914 . . GAACGTCGTGT
primer_bind 1,548 1,565 18 forward 274
33-F TCGTCGG
0s06g07264 . . CGGCATGAACG
primer_bind 1,542 1,559 18 forward 280
00 - F TCGTGTT
0s04g01649 . . CCGGCATGAAC
primer_bind 1,541 1,558 18 forward 281
00 - F GTCGTGT

b wlgg 741%94 Gge v 9
o

S K
mehHed =9 ?—E 10A1& el ko] 1470 (=2, 3l&, AW, @i d, g3t=, 22,

B84 Ao, 784 2ol Ca, P, K, Fe, Na, Mg) &0l tjste] A&siAd &
A B LR S oFste] a3
9 FEH3E =Y TH 1040 at dFEAE B2 Ay
15JS-10 | 15-JS-4 | 15JS-12 | 15JS-9 | 15-JS-9 | 15JS-2 | 15JS-30 | 15JS-19 | 15JS-22 | 15-]S-6
4(g/100g) 11.38 12.57 15.57 13.06 13.08 12.18 12.54 11.93 11 11.47
3 B(gN00g) | 0.56 0.35 0.28 0.3 0.91 1.3 0.94 0.36 1.2 0.41
ZA] % (g00g) 0.52 0.27 0.44 0.21 1.6 2.87 3.48 0.58 2.98 0.47
ZH A0 6.02 5.69 5.28 5.01 5.68 6.56 6.38 5.73 5.69 4.89
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BrEEiy) | 81.53 81.12 78.44 81.41 78.73 77.09 76.66 81.41 79.13 82.76

Z2d(keal) | 363.55 358.49 347.29 356.56 359.74 367.02 369.74 362.44 372.98 363.83

Ca(mg/100g) 9.64 9.42 941 9.25 12.08 16.61 8.16 15.45 16.11 10.62

P(mg/100g) 105.64 73.56 80.88 73.59 215.66 287.89 67.84 265.68 265.05 90.91

K(mg/100g) 113.41 86.63 88.76 88.43 23211 302.65 92.13 338.42 336.55 99.79

Fe(mg/100g) 3.93 2.15 1.66 1.08 1.66 2.04 1.19 1.39 1.81 1.03
Na(mgA00g) | 19.01 | 1247 | 1033 | 933 6.38 44 8.8 1115 | 1122 | 893
Mg(mg/100g) 35.16 18.26 2512 17.93 76.15 104.95 2147 99.12 98.09 26.99

IDE 1.75 1.57 1.41 1.23 3.22 10.62 11.28 1.4 6.29 14

XolAdL

(—]/1]0‘?)“)_ SDH 0.5 0.45 0.41 0.32 0.52 0.29 0.55 0.28 0.53 0.26

gmTe TDR 2.25 2.02 1.82 1.55 3.74 10.91 11.83 1.68 6.82 1.66

O WHolmAM AT AMFSE St E53H vlA A

- = Ao ot A AE XA FFS x| HEAMe &0 HA|Ee] H
& Aol 2oz 3t ugha] WHolTAY AlFel AMAstE fsiA e Al iEE Al
FE g 112719 vAE o]l &ste] Hu AW AdS AAH FFIH vi# DBsHt
3 Q 3},

- 3L FEEAEERE #EY HE) FF AA uwdlel gAY wdUIE A
ST FAEF TAEA FE4 é/\]ﬁur MNEEDBEEAE S st FAdom A}
Azt O FFQ ‘FEH2%d dis 5 9 vADB FEE=

% 10. ¥ #5474 Agel o] &%= s PCRYH &% E?/}O]Eﬂ ZAAE
Set 1 Set 2

A= =% (pmol/uL % (pmol/u

T oy Sizebp) | ° D) 7] 1 Size(bp) | 5)

1 DK601 701 15 DK1361 712 15

2 DK34 600 15 DK1123 632 22

3 DK63 514 3 Dk2708 539 30

4 DK17(1) 472 3 DK600 429 9

5 DK2171 406 4 DK560 341 3

6 DK1412 314 4 DK?2401 286 8

7 DK50 229 20 DK2511 222 3

8 DK?2394 180 5

(7) Wo]l A AlEe AAAMAE =2

(7F) gam Aopd =z~ dn B AEF ‘Ho32%

O ‘ZEH2% F52 2584 &/ v AEs Wl mE 53 & 5] 7
MA Hage AxY7E 75 dEn F38E 5oz A9 A g
EAdo FAAYLE 73, Hrtste] wakAdo] AstHA sta gAH o2 FEFSA
APEE R @22 A AHAESs ARstdn. ot Are 3 EAS FAv Axyg)
go=z FHEstr] Hdl FHlFFA Wl & 54 AT AES JdFun] & A
MNU =& sle] o3k Aweo] 3 EAS zk= MLAR-53 (mutant low aromatic rice) Al
TS Adste] A FAHW dFumet & oksl o] & EAMS e MAA AF
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Froeddvz Fas

(W) 3dn F3 AFFT W 2E=HIA

O ‘2JE=HIAE W& & 4v it A Aoy F7t2 gk & Ak $171E Favt
S71etal e 7HEE & AuE S8 4anA 27 gUdAS AFeta FAnE
G835 IS AR B FFS Tuet] Astd SAEANT 20029 FH AHEA T
] Z2AZH(KNUR42225) A€ol ARl 7715 f8 Aol MNU A28kl Waxy
E4 9] sugary® ol A KNUR42225M(1132)-79-12-3-1 Al%S A3t 20073 A ol
g E REOZ Waxy 549 sugary WolA KNUR42225M(1132)-79-12-3-1& F1
o2 wHjste] 20081 d sHAl F1& #F 3t A7) F TAE AeSETHd wet AdE
AAANZIEA 28o] -, AuEAR Y5 4 sugary54 S 2 JS12-5-81-12-7-3-1-1
-B-BE A3t g, 7hEAd 2 AE AAAA &

Chakeig 34
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ol 632cmol™ FFra 1347 AxolH. dArdygFTS 19.85g, F3H] 1732 Ty o
2 dv] 2 476kg/10a2 A48 tin] 88% <

- ‘HAFE Zi2 1A'= total tocopherol, total vitamin E, Squalene % total phytosterol©]
ol o Ao AR 7IsAdnld Fet

w Argd 52 14(ug/e) 21739 (ue/g)
a-tocopherol 33.81 18.46
y—tocopherol 0.75 1.44

total tocopherol 34.56 19.90
a-tocotrienol 17.80 12.27
y—tocotrienol 11.84 16.08

total tocotrienol 29.64 28.35

total vitamin E 64.19 48.26

Squalene 54.83 40.77
Campesterol 80.71 60.70
Stigmasterol 113.48 82.06
B-sitosterol 343.83 252.29

total phytosterol 538.02 395.05

a9 3-18 ST LAl Y ARA F2 AR

O =dde] A= A9 FFAE JS-10(=EF235)9 tisvwl 5 AdS 201569 &
Aol A Gyt 471k AdaolA st 72 sAgEdE A
- hERl FF A A E97)= 8E8dE T SAS EAla A2 69.95cme| @
BEolw it FFA (520kg/10a) &= 57 ¥ (518kg/10a) ¢} FAFRAIRE & S-S 2=
[e) ] AYE
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a9 3-22. &9 OpenLab &Alell A A& djdS oz
AT AT e 2ALA )

O S144re AE vholo} Abwhat zulA Ul AN EA AW 91T 2016541914244 2}
Ak e el #e

- 20165 A9 A G AAA Lo AAhskel BEA2E AAF dete] UE FEYA
4 A Agste] 9
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O EEF259 ARAAY 5 Fobs s 7€ SFAFTH vuste] #s B7tE 73
# e G Rl ) FF vas) d 209 AER 4, gz e
FAWE A4, 274 AEPeR -3—+hX dEAR f¥ 549 Bue Jseg
#7185 dto] 2ALE AAIEL

- &7)9h gere] @nwst AwelA sEdR, 2EA3S VFwst wekon, AwA ]
srE FEAVE A B @e JEUR 0 #5590 FARET wue v
& o AvHom S50 Qo] AFAYPe] B Ao FYH
3 318 FFE AW A HErH(T] 5 %)
Had A i];] ekl o} — o} AT ij 1 A ;%H:hj
= pan A= ] Pl S = A3 =R Y L=
FH* o.(m(m** 0.00+0.00  0.00£0.00 0.00£0.00®  0.00+0.00 0.00£0.00¢  0.00£0.00°  0.00£0.00 036104
HEH 015+114°  020+1.24°  030+073™ 050+0.95"  0.25+1.33 040+099™!  030£098"  0.251.12  030£108"

FEA2 0155088 080+1.01* 1.15+0.93* 01015 0.60£1.31 1.30£1.22°  020+128% 0.60+1.23 100108
AZ ¥ -040+1.05° 0.00+1.45¢ 0.25+1.55" 0.75+1.12"  -0.05£1.19 010+133*  010£1.25"  0.15£1.57  00G+110"
slojeln]  0.10+1.02°  0.15+1.35" -1.06+1.08° -015+127  0.05+1.05 000+1.174  -025+125"  0.051.36  -050¢124'

slmdudl 1.35£099° 100097 105:083%  005+128* 0.25+1.37 085+0.88" 085093  0.601.43  OS0+115™
T FAEE E AR

** Values with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
(b A2, A, B Asw T
O AezoldA A A Exo) AdsrE 1) Auiar AL AL 45 Win-Win
34 Qe AAIA2ES TR ALY EEe F2 Adwds &84 At A2

NG 5@ B3 A9 W rksk AkAN AN AFPE Asvlole] nFER

kAl 3

g faom Azl wasn AuEsbs A 232 sl Sl wEe A%
Gulg 228 Jbgete A1 ER 4EQA Bolstn BuiFs ANE ANz A
Exjolol A, AMENE A FFo] L SR wol DUl F & Aol B

7t R v Ha Qg AokA) Ao £k 20189 A AlgkelA #EF2EE A
Wate] Al5st HaE AFS FA, T A D A Do) A 20180 FAlel 3000E



[EEOIER S LIST T 73] LY

& iyt

ygﬁ

2 0|y S Hluz2|

19 3-26. B =

4. 3Y%) PAA

7} A=A

O A75A
- sdo

]

7]

e

UUEE AU e 1S 2HEE Ei BEE
Ol 109haE AlEAE] FE S40] EER 2= Y 2

B7 aHIR2| g30| F0F X7 FEH EsiE A=S
$57halltE| MulEEE SECR NY

nmﬂ

= ZEs

OHE ®of M2
0 EH HOHETH 150

olg% AT L AuTE ¢ AL 2

Fo

:JJ

Al okstoll A FA]
AL
=
=5 o] &% ¢

1_,
o,

DESE 5] 28TA| wéﬁ
£ ooz NpYdgee S

Hi

B

flo
2
2
sl

- 115 -

)

ol FF AF3(E e 278 9)

ofr
oX,
%
1M

= 714 "l

A%
HH

of\

e



%0

o]
il

=K

1 o

A= 20059 - Al =HE o] A Y

=

53

]

o

il

i

O
fs

=
=

¢

i
[mt

el

gl H

-
T

o] 7-10d &85

=
o

2 A A

—

Nlo
K

)

S|
2

B

&
Aul e

59

1=
)
=

Al A QA

O Eddo] o] =3}

o
A

o
B
o)
au

o)
0

il

<
“.ﬁ.
X
(S
X
e

P

AT7HEe] g

a2

ol
=

H

L
=31 9 A

A% AF otw 9l ==ujF
71 o F5A

SRS 2 & A EE

o] F7hH

=

o

EAWo|l A S ESSAAUESA

71573

o)

14 A

3

O W] & &

[

4
v

A

- 116 —




T .
= A 4
) i B
to < & o =
T ® XJo _ ) =
o e mﬂ_ = o < &
= N WM = = o T = i _mo Ny
I S s B B e ) Mo =T -
UK ﬂv_AI ‘Alvﬂ _ H_T_ Ot _ m_x Z#O L._.hw os Nﬁ =K
RS o e T o e o 2 Mo | N
- o =| W W I - - o
X = O, e L R R ;
-, = LA o B = = X 5o . i
L o L. %O il o oA ™ N = 0% o
—_ ;OL .mn ~o ‘ILFL dﬂ HE JvAlO Z_.ﬂ el N n_Al.._ ;OL G ﬂnlm
JW_ o = &l = 5| % mw ol < Mo do = mﬁ Sl
o O N il — o =0 OF c of of % i i
¥ i 5 o = 3 T 0T
SELEE BiTars % |Zef3 |33
o o= ] g = o ° B e ok Mo X v Mo
C o Cal B e a0 T | T
o B e W E R 2| P Rl i
o B T T o A :d
Jo M BN R T o o o 2_ x| G
oo | E R g ¥ OXoH | B E 5 Wl o o
N o= o o ©
_ LN Al T~ z B B @ il o )
pry I < T m Tl m E
X0 X0 ! I | X 1 T A el 21 Bl

< Mo H L o R oo | % B
o Mo o o X Mo ! wA, o
RO < ) W B _urm X0 o ao,:u_
) —_— ~A J
Fa 5T | % < R
° z g K o B0 <)

o oay | T o T E o
o = ° do 7K +
W= |23 s |27 ° 'z
i A W o T g B do
— o = ~ Z g W o 5o
) M o Mlu o = w“._ Hn NS ~ Mo ,n_lAuu 1o

I o &S
wﬂ o | B F s =7 2w - Oﬁ e |

T T | W % wh s » F Mo« I T
O o S MU K AE B o |7 ok ™

O T :._E QA;O r EE _zT.:
2 O o < K AR
M < ~ O
) Q
L M 2
e il 4 <
Z X &S Ty
— X
~ [a2) N

(1) 1}

,_ly%

=K

ojo

Th

B!
i

e

9 xr

Hr

M

- 117 -



A€

A

Fnag

o]

Hr
T

% 30Gy

0
[0

PLB

Hr

Aol 5%

dr

74w 2 ofl A

A

4 4

- 20074 11

X

i

- 2015

A

o

,000 Tux

000-10

’

8

Bae

’

O,
O

%=+ 60-80

’

2T

=i
=

9 AR

- 2016

- 118 -



—

Nlo
K

50

[e)

A7 W

=K

A

= + 30g vy} + 10g A + 20g A+ 30g

7“5}.

+ 2g = + 0.5g

¥ + 8g agar + pH 5.6

A

a3 A

/ K

- 119 -



(1h)

}o]

S

2l2o] FE R 380075 A Al

12874 &

=
=

LIRS R =

= 71l A

e

A

Bl

LS

of] A
=

10004H

S|

A

=
-

A
2% 4-6. A Wol

iy
nf-

D
ar

2 Al

3}

,ﬂl
Pl

=K

olo

‘;L

B/

W

T

(2) 2}

2

No
B

Hr

(7h) &

AR S 10,

H

A gl sk
3}

=
=

30, 50, 70, 100 Gy

g A%

el
=]

30-70 Gy= 215

KeR
T

xr
i
R

mK

70-80%,

22
y =

=% 22T

o

5

el A A

F 264
bl o.vf

S

Oo]:

l

H
2

]

Ea

ol

0|

2 8,000 LuxolA]
Hyponex 10008H <4

K

-
o

ok
2}

Ha) A Sol

21 & A o

p—

74

A1AF- A

Mo
b

]

e

30% A= HoA A

- 120 -



o a0
B o g
N o -
0 ©
- = e :
= Q
5 - g mma
: I !
o = & 8
= = g &
ok T W M
o & ; 5 o
- M ] 2
Njo ™ = = nmb
T g - s
n £y ~O S nm
< o :
G =2 Mm :
B k) Z a¥
U 70 7 , !
ST g m p %
03 o =
"R g N x =
oo i . P e
o e g P
4 s § g
W T8 gi
HE e B N 2 W :
—_— _ ,
= g X W
T ° ' £8
X o T 3 = mw. ;
; i Ca To = - R
oF of W T 5%
o) 2
Mo No oF i ¥ i ; -
In ojn = x d 7
ACOH g o % < & |
RN . = ="
TO o u L@ o © o o,
) »AO 5 :Aﬁ o =o g z Q
Jo jo o s :
ﬂ —

(th) 71
)
a9 4-10

- 121 -




Hr
T
NF
oF

#A

SRHDEFEYH,

L3

ol 8 o

- 122 -



O

X

ﬂ_./l

o
4

wK

13. 5711

H 4-

A

7
fu

=K

(3) 3

2

Mo
Kl

&

Hr
p
aze)

JJo

=K

gl
T

o)
HH

0

AO
)
%

oo

| 715 o]

9)
Eadl
o

1

o] 7HAl <]

il

A

=

gl

23] o’ AA=

Aul7F 8-l

B 3 Au] Al ZALEo] oma 10730Gy

)

3}
=

=i
=

Bl
Ny

)

2]

He -2018-377 (wHEA

2]

=
=

- 123 -



=
%4

stol o

14

2

Hr

]

4l 2~ 200004

X

<3kt

21 o

0E gl ¥

)

3}
=

)

Fol 507 Aol A Al

21 3]

XEZR 9

2]

ko3
T

- 124 -



0.5g, NAA 0.2ppm, ugar 30g, Gelite 5g, PH 56

=1
=

2

MSHIA] el NAA 2ppm, Sugar 30g, Gelite 5g, PH 5.6
MSHiA]e BA 3ppm, NAA 0.5ppm, Sugar 30g, Gelite 5g, PH 5.6

MSH}A] ]

R

oA AiA

1

T

-

1

=z ZA)
=

o]

o

h=3

1 44 A

A

]
A=A #7) wA)

=

I

Al
=
A
-

=K mK A=

ROR
mOW s B
g S R
< s ~ zT =
NO < < m o
TR ®SHR
| ..Z_.m 1X_.o, Hr ™ Hip
™ gl gl DL me <
i . - = R0
o] % s ny
= wr il W Bl
- S
~ .LVE L.E .m,o 70 ‘a wAO
) 5 e W E S
e T e T
< o o to o3 o
a N TR E e

&2 s .
< B » ® 5 o %
™ Iifo Mo ~5 B OB o
E = 5B
Gl o o oy oy B
B M w8
w F FEITE
o T 0 = g0 o P
= B OE 4tk
D
PRI
No i L] ~o
i B ok o o
— ! T N
T ¢ T mTmc®
% W m° ,_Q_; m° ﬁﬂ wlAr.._ wLAvL w
= = TRI TR
= .
: srEifimwe
o S O
o Bo = % © #o Jo Jo op
= m ¥ oHE s TR o
* O M\ 1__/l 0 [ o

- 125 -

A A

=i
=

T Ry

7N

U AT



=N i T L - =y
o 0 N ~ |z
5 2B s il e U =
B ¥ = = N S
alt] s = s S N
& o ad = X SX |7
= AT o)) < Ao Mo D =
TR e - o i
~ N _ K ol Mﬂ ~ %o
R I = o X ol ~ |7
5 oxhE 3 = : 55
E = -
TSR = o K o - o® B
G w o S <
g0 B MM wo| M 7 G S
N = X0 g TR S
= ||Ind G o to = Mo Y . |7 =
=y m S o 3 N ~ = -
o ,WE = Rz @ o4l 0 W o A RlES <
el g =) nw” o o = = o ol = w oo e iofo . M JJM
Np 2% G | R Mool | ™ ooy
3 o 2 o e " HR o o - m W |
iy o TR N e | Ao B e W[ 5~ %
PR E” Tg Nlr bl % by 2 =% 3
) ﬁ & W CARGNY T e Mo RO TN o Wo Tl N & N_ c mlm_
BBl BE OO 70 e X 82 )
PrFRE wE ddg T d i o op AE © B B E o
A ?wr T Y o o P o N T M ﬁaﬁﬂr T o0
TITES T owmall "o ww PraREw P o
TeloX ERREE 4 B el T N VN
mhmeE L RETEE ©E E TN ET G OH T 5 |
MHMEAL.O P E A BN T R T W Mo RO g o o N
SESX M@ HERpPFT TN T femmy B ek YR ' um
. . o . L] . . . . . L] . . . o . L] L] o O
7
N G " " o o o —
=o = ofr °
M == ™~ ~o m,x ,l._A W..ﬂo _ ,mﬂ
TR R L <N 0 B
5 = e T |9F o . i | W
) - 2] [
Eﬁ _io I3 < _ﬁ JH " <r &o =y ﬁﬂ T o
= o o T < oo o
G I N I Ro G S
» = (I R < T | e
= W R <0 - = b = b °
o X X < ﬂ]% el = noz, o <
iy m M M e Wl ) 3 M = B ,mwo ™ X 0 oy
5 G = B E R = 2w 3 o
° " g% g T T T 2 o | we
A WoE B g o o | E2® =
. . 0 . Y . ~IT ‘WLM “WL ﬂmﬁ \‘W
— Ra® | =
) e Ye He 5| T B X
- g 2= = I b B B
DS ~® N = EK s
1 a S ) = O |

1

A=)
=

K
25
- 126 -

=

Al A
NA W

A

HolAuel AFel wFA =2 F Al
BoldHe NEF thFgt

G 270 AE A




r2
H

201541 20161 2017
A F-2
L e IAYE) | eAdE) | GAIE)

- BoldHg FF d83t 2 oAt AALH

T WA EAWol AEFE =] AZAENER e &

!

hH WAL ARl 58 % ¢ AT A SR, AME AR L o FEALA
- BolAu g wjgAle] WA e S B EdWe] fFEE fE grE 27y
2) < 80Gy, 60Gy, 40Gy, 20Gy<] Ztzte] A&g& A

glsto] FejA o] & B WA W go] Aeta 5ol & AlTe A

x

control BSA-036 BSA-065 BSA-078 BSA-101 BSA-119 BSA-144 BSB-032 BSB-127
et S T i =, 5 , " el = P 6 ¢ ‘ r

R34 |

- 127 -



60Gy

40Gy

20Gy

<% 5-2. Kol

control

AR AR

s

|

A 2] 22 uf F7H A ol

A 5 Frtel &

915

B7HNEE 5L 2 A7)

~84

4
- AEd, g HolAdMly] SFo fA A=A ZEo] 7t

6

14 A 54

5

&

o
)A
]

(MS medium + 1 mg/L BA)

8 Aareol

3

-
o

(+h 7]

J A A A

(=L
=

=
=

2 A A T

No
o

— 128 -



S 9% Am e 443 A7 8 mguAelel oF AR /X F3
=g doidleg | Y 7HA 27} 7] e}
50% 10% 25% 10% 5%

=a=21=u|=]
TRIPLE BERRY

L RIS

"

(2) 22pd = A+UE 2 2

(7h) HolAw e A+t ' A

@© HoldHzle] Ayt + Ase] Al
- HolAlu 2] wjekAle] ARl thE TS grksle] EdRo] el A A Al g st
A% HoldlHe WolAE ew ¢F VEF SAHS AT AsdE 2 Frtel &

- 129 -



a2} 3},
- Autgl BolAugle] Aukelele BSA-036, BSA-065, BSA-078, BSA-101, BSA-119,
BSA-144, BSB-032, BSB-127¢] 8z}l Ad#Ae|HsE e ste] .
- Aat®El A% F BSA-036 (BS-A), BSA-065 (BS-B), BSA-078 (BS-C), BSA-101
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3] o] AlF kA ARE
- 8 2AS 2= 05, 1, 3 mg/L BA, kinetin, 2iP7} X 7Fe MS, SH, Bouf#]o =4 5
25C, 40pmol m%s™! 16/8A1%F 335F7] A 5537F Wujok =3,
- gAfFE Age 2o 2= 1 mg/L BAZE H7FE MSHiA oA 7 & &S
u )

el o o AH3st 2AS FUIAFIE 128 A" 747 IMS, 3SH,
B5e| vk Fwo IBAVE HUME 2o FAEAES A gsknl, $SHufA o] ZA A

3 5-5. Effect of plant growth regulators on shoot
regeneration from bud explants of boysenberry (R. fruticocus
L.xR. parvifolius L.)

PGRs Conc. (mg/L
Medium PGRs s Conc. (mg/l)

0.5 1 3

BAP 11.1 58.9 2.2

MS KIN 0 11.1 0.9
2iP 2.3 15.7 2.1

BAP 10.2 53.1 2.1

SH KIN 1.2 12.5 1.2
2iP 24 13.7 2.1

BAP 1.7 24.5 2.1

B5 KIN 0.8 11.8 0.7
2iP 2.1 0.4 1.2

BAP ; 6-Benzylaminopurine, KIN ; Kinetin(N6-Furfuryladenine),
2iP ; 6-(y,7 -Dimethylallylamino)purine

- ZNWSAS HAE wFEelA 7l & BEE= AEHA A A EF(cell line)E #A]
stz sSHuj Aol Al Fste] S8t om, 715 A mioE A9 v mid & 5
g AT =E sto] S AA 2.

- 12 AdrHE 54]% < total amino acid, total anthocyanine, total flavonoid, total phenol,
vitamin C, ellagic acidE 7]&3}] BS-E, BS-F, BS-G, BS-H AES& Awalo] =33
o7 AMYS T dFTA 2 HAsE AU S ds3h

) FtAl stauat 7)€ nAMIA S o] &3 WhH ¥Rk ol of
A=A & o]&sto] FAAAE SHstaLA 53
% 2 7)ES ghdo] ofd EXH A=E o] &ste] S
vk v Ao w5 9 SAEo] AlEel webA o 30~50% 7HE A
S =3t= 7|HoA F 2% 94 (multiple shoot)?] A2 &9
21& 918 ol F(node culture)s T3 sk, T A2 E A (plantlet)S WSS
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3 57 AAFE Al R Q7 AlE

A9 FFETIE)

210 60% (3% ©17)

27} 20% (3% °173)
T 2% (3% °173)
il 2% (3% 17
A 7 2% (3% °173)

W 2} of 2% (3% °17d)
s 2% (3% °17)

S A3 2% (3% ©17d)
3}7] 2% (3% °17)
0= 2% (3% 17
7y =

TF s, o) | A 08%(B%e1)

A 100%

- EfZuglel AR AES 37, 46, 55, 64, 7302 o] AAS 209l A AL 3
g AA M dzates vEel 558 AAESE HEAS
- JpEE] "eoks fla] 1dAte] whEo] e #h9-x], iRt FhEubs ofubs
]_

He] A e AREske]l AlAlE AL

Eq

rlo
i

=

a9 5-12. AAE £ B oAt

FARe 4n2 G dAde NEE, b 52 BAstel AAE 1000852 4
rekel AgEAL T

24 UAAEe ARTiwel oHste] Aa Foluh AN TN S-S H HelA
Aol A e BAEE 2E A9

AFZA A AFstel BAE YA A Fmstel 3dte] oF 500u2F o wEol
FESANS) AED F B AFL AT A Y

(3) A= AuE 3 A3

(7h BolAuel A+t 9 Al A, 5444 2 dFSAAA g

@ wolduele) AT fu AT A

- 5AEY 2ANGE FAG] qFFAAAE FUstdon, HEA 54 W A
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7] & <k AE 915k, JJ%Q] Sy ?ﬂ]ﬂ?} + ELHHOO}:% Fasto] thEol A
AD (Anderson 1980), B5 (Gamborg 1968),
MS (Murashige and Skoog 1962), SH (Schenk and Hildebrandt 1972), QL (Quoirin
and Lepoivre 1977), WPM (Lloyd and McCown 1981)vj =] e} AF7]1¢] Ztzto] F<duj A
of FUIdFY s AHAvtow & 120 A wigstdth 2719 AFE0LTF Wi Al
of dojA AYAE HHX] Zroll Zpol & vERio] 1/2AD, 1/2QL Hj x| ol A 7} ok 5 3l

welom, Ak oF 38, 44705 YRl oM, , A7 =

1>
(il
)
il
o|\
1>
ol
K
Y
2
v
ofN
Hu
o,
=
N
N H

e e L
BEASAT, 0T ABE BAAE MSUASL 290 1 FEAeH AD, SH
o F5F ATE deich AEA) BY oh Axe Rt g ovwd 94
4ol HEAE wo), B, 2@n Wil sk EFE Y (LLL vl 47 53
o) ste] MAIT A, HEAL WA PEE(F8%)S UEhhATh ol A%
Fho] Lapel mge) PPl sbsstel wotel AP FHo| e Ao o
g,

@ HolAlugle] WApAA g olste] fFid Wol Al dufe] bEAlobd Bl Fk FA}

- 7MN Qe BolAuwglel AW R YComtA S FAlEe] EAWo] §FS Falo]
’\]%}‘ M-S sta, Aibdel 43 B5S srtd Bastaxt a3l
= AFH3] MSHiAel BAP7F H7FE 05, 1.0,
20, 40 mg/L o] zoA Fgsglom fFEHE wgRed “Cottrid S 20Gy, 40Gy,
60Gy, 80Gy= ZAbete] 124 o= 4 WolE T4 o® st
- A" Linedvie] HE w35 714 4] A4 1d § 24249 Linedr| ¥=2 A&
F8sto] AakE 2 anthocyanin® sugar?] $HF S ZAFSEA
- Sugar?] =2 BSE Line€wiolA 8.8+0.1(°Brix) =4 A<
+0.1("Brix) ZA] A4 ‘474] e
- Anthocyanin® &% BSC Line¥ UH of| 5] 467.9+0.1(mg/100g) = A =%t}
- Wo] Linedvl ¥= ANIEAE Frdt] w7t Eustry] fsiAs 71 18 A
< stofol strE duje] Aol FEg BSF Linedwie] BE thxFAAbst
olF o ® Aujste] FrHASS SHIE QA% V| 2AERE &8st g

jlie4

, BSDe] 4% 59

2k
Al al
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@ Sugar contents in fruits of mutant line of
Boysenberry.

# Total anthocyanin contents in fruits of mutant
line of Boysenberry.

2 Hydrogen ERposent 1 Total anthocyanin

E155CT 8]

o Titratables ackty(%)

1l

BS_Hyhwid  BSA

B5E asc

719 5-16. RFEAJopI g Bl B =

@A A 2ol oJste] 5

Kol Azt = o8 AeA AYGEAE TR
- 7MNQlE HolAuglel AR YCoztniM S FAMEe] EHHdAMWol §FS E&o]
ANEZ NES sta, AEo] 4% BES bl Rastazk stk
gz o 2= MS, SH v Ao #o] E7] A7 (BAP, Kinetin, 2iP) 0.5, 1, 3 mg/L7} #
7 oA Fastdon, A fRel A% 2o == BAZE H7FE MSH|A] o A
S AES Ueyon Alxe 4 A% ol 20mg/L Kinetin 5 A 2] ol A
242cm*0.1% 7Hd A A dEyith

® MS Hi{X|2} SHHUHX] 0iA{ Shoot formation

[y

L.

Win
PGRs Conc.{mg/L))

g & & =z

Shoot fnrmaunn{%]

a9 5-16. MSHIA] ¢} SHHj Aol 4] Shoot formation

# AAMEH2) w2 2 23 (Rooting & Acclimation)

a9 5-17. A2 EA Y ¥ e
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# Effects of plant growth regulator on the
shoot numer and shoot length.
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19 5-20. AAIE WS

¥ 57 RAE WU AF
A= FFLER) H AL (AAEA] 5
A7 e 3% S, HAALE
e u) 2] Q) 6% Sz, A
oz 2%(10% °] ) Ak, 27
JEHAWE), AREAGR, BBl TR, ST, BE, P14, Aokl FUL
- FEbEAEoR ANT G BYuednle] Fue st AAE 207
NA NS AA g AxeE wE 122 AES HEAS
FHES URE O AATY JEE, A7k 52 BAske] AAE 5000 2E P
stol ARH SR NFRAE HH L.
EF UAAS AR G ske] 1Y Folik WA TAANEL o FoIA A
FolMel BARS 2% AY
Fokol FEIAS AER F B AF 1000822 o Qs 2
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6. 68 AAE Ho] AAFE VFF Fo] EAnA AT plRD)

R

O FANBAEFFREEYUPOV) /HJOE §F7b7F AUe AFS e A4 A2 2
B 2N s 0 FEY P 2l @ NS FHA7] Aste] molAule st
N3 g Bdve] NFF 2/AW L FE AUS A AT BAvA Axg Agel Be
S}

o] EST libraryE ©]&3te] 300070¢] SSR #AEAE 7IEsta e

[0) ar
- 1T
oF ol&d &I FAAAN] FAH A B L FAAAE 44 AT T
o]
=

- T EntE, Sgol, @o] SF Y To ddzte FF AES #1de] SSR¥} SNP
% 7H1:ﬂ— A

o] &3k AR X I 9 flojgulol 2~ 5 Zo] HaE A ot ofA 7] Kol Al
2o} Ao gigk A= AFs A4

- AAQ7HA I A2 (Dendrobium)e] EFEHIA dAFS £ 600, 55 29002 Ao

sAMo] AEF MEA] 7]E FFHe FEA AHS g EAEA o] sk A<l

T S g 9 F A7)
O moldM Bl AE W FAR e FHn
A 49% HAlY) ol e ZYsdA A F wolaulE Edvel A 2 £ 44
g3 A9
0 4% o] A% % FARAe Fn
- A 3EE BAY vhrEgelA AW FA AT Bdvoe] AT ¥ FNF FA4AL B
83 A9
O molAW FAHA FA BE TAEANA A

- HolAH g (Boysenberry, Rubus ursinus Chamisso and Schlenhtendal)= Blackberries
(Rubus sp. L)%} red raspberries (£. idaeus L. and R. strigosus Michx)9} 22 Rubus &
of &8t 7]E2] Rubus TO=FE 1009178¢] SSR wi#7F /W= AL, ol & &-835to] B
ojxlulg] E<AWo] AF 2 FHALES PCR FF 7lsodFE &% F DNA
fingerprinting &40l &85 o %9

- A ETIAEEA B T A" HE&ew Ax #4o] 7Fsd Genotyping-by
Sequencing (GBS) ¥4 7]&& &&3lo] tf#F2] genome-wide SNP ¥Ho| = gAsE 4= 9]
om olF &8st 5EA FFT FEE w7 gH Je

- FF 7% SNP vt# AlE+= 2 SNP lociE high-throughput SNP genotyping W4 .2 ®H
e o o Aol o]E 93] real-time PCR 7]7]E ©]&3}& allele-specific primer %4
oJuy}f TagMan 2] S o= 7k 3

O AT FAA B4 T RAEANA AY

- HolAlwlg e} wE/IA R Genotyping-by Sequencing ¥4 71ES  &8&3le] thEko
genome-wide SNP ®o] &4 & ol& &gsle] 54 #FF 758 v FH 75
- M3 FF7E SNP 77 AlEX high-throughput SNP genotyping= 13 allele-specific

- 142 -



primer "2 o1 TagMan 4 5oz 7jg F3

-

l A= 2 2o|Hy|2] A3 EHEHO| Ko| EXI=EX|OR JHE ‘

DNA fingerprinting % « M3 =
|

REXH 2o

AR FEM RS BHE so|Fu2] F§ A Man =
B XX 70w £ w8 solzuu 2] =1 o]
= - SR 20 AHE W RTEW RO

H M #HO| RAOIEE MES U FTUXR 5T

HMOIHGE2] BWWMe] ME AU R S M| BWEO] MBS U X

.

XAl == BO| RIG=tEo| BALALH B4

O] E e o] A S R e e 405 VIOl N W e xR

by-sequencing 408 S0 SNP Op2 By otyping-by o A SR SNP O1F B

HAMlz= Ho| |lo=tEg AEBES=2| 50| X0 ZHE

MO BRI WO S W FEER= I WSO S R FTER
e SNP O M e TSNP OF AR FHW

<ASHPE AT AE 8=
o AT F3 Felg
O SSR wp#e]§ HojAlue] =dwe] Hd 44
« 1037} SSR w}A AEZE o]&ato] Holdwe FHAdite] &5 SSRubA diHFHat
S HIEE o] &3 FAdA
O Holxluz] &AWl Mk FF T8 SNP whA AE 7
* Genotyping—by-sequencing (GBS) &43¢] <]3] SNP w}# 7]
e High-throughput SNP genotyping= 93] real-time PCR 7]7]& o]&3l=
Allele-specific primer 291 KASP genotyping assay 7l
O Al EdWo]l Jo FF 78 SNP ntA AE 7

= =9
o A ZddWo]l 2 FHAY GBS #4415 3% SNP #hA wHAY
o A FdWo] g FAAYT IABA 24
o A= EdWo] B {FHAY FFTEE SNP vhA A
o ¥ SNP "7 MEE o] &3t High-throughput SNP genotyping system 7%

gk AT e % A
(1) 1A = A+
(7h EolAu el = ch
@O HolAuzl AW Hd g1

_‘I

- HpoleEH A SAE Holdulg sdwe] Hak B Ak 104 FHsk e, HolAu g
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E4Fe 2710 A7k QA B4l moldnlgst Baue Vish wiEe At gl
5791, ol olg3te] Avhi NGyst 40GyE ZAtate] FAHoR Fdo] 153 8% FA
VAE whol o.Fel o)A AL,

Table 6-1. Origin of boysenberry genotypes used in this study

No. Line Origin Treatment g;emmy

1 BS_PI Boysenberry  from Japan Spiny

2 BS_Hybrid Cross breeding Blackberry(V3) ‘Boysenberry Thornless
3 BSA-036 Hybrid Boysenberry Gamma-ray 20 Gy Thornless
4 BSA-065 Hybrid Boysenberry Gamma-ray 20 Gy Thornless
5 BSA-078 Hybrid Boysenberry Gamma-ray 20 Gy Thornless
6 BSA-101 Hybrid Boysenberry Gamma-ray 20 Gy Thornless
7 BSA-119 Hybrid Boysenberry Gamma-ray 20 Gy Thornless
8 BSA-144 Hybrid Boysenberry Gamma-ray 20 Gy Thornless
9 BSB-032 Hybrid Boysenberry Gamma-ray 40 Gy Thornless
10 BSB-127 Hybrid Boysenberry Gamma-ray 40 Gy Thornless

Flgure 6-1. boysenberry genotypes used in this study 1) BS _PI 2) BS Hybnd 3) BSA 078

(1) SSR 77 o]§ welaue] fxleA 24
@ molAua] Genome Wo] BAIL 9]8 SSR Zalo]w Az
~ 2awale 9= gz oA o] €% SSR nlA Z 103719 SSRuFAE Aurste] A%
SIS, 1 oA 53 SSR A= EduE e d= gz AlE golBg A At
FHom ymx] 50 SSR "7 += EST olBE oA sAgw 79l
- 10709 melglme] fHaAAel 103742 SSR vhA ¢l DNA fingerprintingE 2@ 23}
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- 1037H4 SSR vtA Fell 1170 SSRutA A ®ojaHe] izl vgFdo
2k

25 PCR productE 5%38le] 100% transferabilityE X 35
o

TAAE EAs. 2 ATlAM EST-SSR w79 g4 W&ol o
E\“/P A7 W =kow EWelo A FES EST-SST mHA7F 7Hd =& vd4d Hl&
(263 %)= BA+=

Table 6-2. Amplification profiles for 103 SSR markers tested in 10 boysenberry genotypes

Type of SSR  markers Primer Amplifica No. Ratio of References
pairs -tion polymorphic  polymorphic
tested success markers  markers (%)
(%)
Genomic SSR of blackberry 4 100 0 0 Castro et al
(2013)
Genomic SSR of blackberry 10 100 1 10 Castillo et al.
and red raspberry (2010)
Genomic SSR of red raspberry 39 100 1 2.6 Graham et al
(2004)
EST SSR of blackberry 19 100 5 26.3 Lewers et al
(2008)
EST SSR of red raspberry 23 100 3 13.0 Woodhead et al.
(2008)
EST SSR of red raspberry 8 100 1 125 Graham et al
(2004)
Total 103 100 11 10.7
- 117] SSRuA 9] vdAd S B435 23} Ht PICAHS 03592 SSRYF RH_MEa0007aB01 <}

RH_MEal4bF07el A 7Fg =& PIC#S 0585 RS it dgdfdx = 1.909=
159 HE 2071A]¢] WS B oM, gene diversitye= 1.220 (ERubLR_SQ01_NO03)ol|
4] 1584 (RH_MEal4bF07)E R 5. H e gene diversity(0.640)¢F PIC(0.580) k<
et A= SSR mrle =¥ule] EST ghelBelgolA 7id®l RH_MEa0007aB01 <}
RH_MEal4bF07°] =

i

Table 6-3. Characteristics of 11 SSR markers showing polymorphisms in 10 boysenberry genotypes.

No. Marker name Type of SSR Na* Ne* GD* PICY
1 RH_MEa0007aB01 EST SSR of blackberry 2.000 1.458 0.640 0.580
2 RH_MEal2cE03 EST SSR of  blackberry 2.000 1.220 0.340 0.310
3 RH_MEal4bF07 EST SSR of  blackberry 2.000 1.584 0.640 0.580
4 RH_MEal5aD04 EST SSR of  blackberry 2.000 1.395 0.580 0.540
5 RH_MEal3cF08 EST SSR of blackberry 2.000 1.490 0.180 0.160
6 ERubLR_SQO01_NO3 EST SSR of red raspberry 2.000 1.220 0.180 0.164
7 ERubLR_SQ053_HO01 EST SSR of red raspberry 1.500 1.500 0.420 0.330
8 ERubLR_SQ191_A05 EST SSR of red raspberry 2.000 1.345 0.620 0.540
9 RubfruitG7 EST SSR of red raspberry 2.000 1.490 0.180 0.164
10 Rubusr43a Genomic SSR  of red 2.000 1.571 0.380 0.310
raspberry
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11

RiMO019 Genomic SSR of 1.500 1.362 0.320 0.270
blackberry and red raspberry

Mean 1.909 1421 0.407 0.359

Na: Observed number of alleles, YNe: Effective number of alleles,

*GD: Genediversity, “PIC: Polymorphism information content

- =2 PIC S YEUE 8 7FA] EST-SSR vlAY §A4A 7)%8 F=A317] 9359

NCBI (National Center for Biotechnology Information)oll 4] H] <% GenBank tl]o] & H|
o]~ tja] BLASTE Ah&stel ZAGA5. 8719 EST @71 de] v 22 4
AE3 AEAHE B9S (E3 ubiquitin—protein ligase, chlorophyll a-b binding protein,
zeta—carotene desaturase protein, allergen Pru avl-like, xyloglucan

endotransglucosylase/hydrolase 8, RING-H2 finger protein)

Table 6-4. Putative function of EST-SSR markers showing polymorphisms in 10 Boysenberry

genotypes.
No. Marker name GenBank Homology E-value
accesson
no.

1 RH_MEa0007aB01 FF683655 Fragaria vesca subsp. vesca E3 le-155
ubiquitin—protein ligase  SIS3

2 RH_MEal2cE03 FF68428 Fragaria vesca subsp. vesca uncharacterized le-119
L0OC101302468

3 RH_MEal4bF07 FF684762 Fragaria vesca subsp. vesca chlorophyll a-b 0.0
binding protein  of LHCII type 1-like

4 RH_MEal5aD04 FF684949 Fragaria x ananassa zeta—carotene desaturase 0.0
protein (zds)

5 RH_MEal3cF08 FF684532 Fragaria vesca subsp. vesca ranBP2-type zinc 2e-31
finger protein  Atlg67325

6 ERubLR_SQO01_NO03 EX567290 Fragaria vesca subsp. vesca major allergen 3e-121
Pru av 1-like (LOC101298594)

7 ERubLR_SQ053_HO01 EX567274 Rosa X borboniana xyloglucan le-78
endotransglucosylase/hydrolase 8  (XTHS8)

8 ERubLR_SQ191_A05 EX567282 Prunus mume RING-H2 finger protein
ATL20-like 6e-40

@ HolAH g FdxY A DNA fingerprinting 2 A 2 A BA EA

- 1170¢] SSRulAA 42 27702] polymorphic lociE ©]§3}4] genetic distance matrixs

ANFE & NTSYSE o] &3te] UPGMA Walog §Ad% < thdAdS A S, HolAl
g FAAAe A28 Agls 05E 08982 Hit 02682 S Hyomw BSA-119,
BSA-1149} BSB-127%toll= FH A<l Ao]l& Holx| ks, BS_Hybridet BSA-036
7HE A AR s

Table 6-5. Matrix of Nei’s (1978) genetic distances between boysenberry genotype.

Kine 1 2 3 4 5 6 7 8 9 10
1 0.000

2 0.160 0000

3 0898 0898  0.000

4 0463 0463 0588  0.000

5 0406 0406 0523 0205  0.000
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6 0.588 0.588 0.588 0.251 0.205 0.000

7 0.588 0.588 0.463 0.351 0.118 0.077 0.000

8 0.588 0.588 0.463 0.351 0.118 0.077 0.000 0.000

9 0.731 0.731 0.588 0.463 0.205 0.160 0.077 0.077 0.000

10 0.588 0.588 0.463 0.351 0.118 0.077 0.000 0.000 0.077 0.000

Line No.: Line number 1is listed in Table 1-1.

- SSR w9l Feay 4] wEd, vpd AP 15 (BSA-036, BSA-065, BSA-07S,
BSB-032, BSA-101, BSB-127, BSA-119, BSA-144)%} v A& ZL&F(BS_PI, BS_Hybrid) 2. =
el ot ghwba A el Ao SRk S Holx] ook

(2) 22pd= AFUE 2 A3
(7h Boldiuel Aol Hob R FHALZE SNP Wo] &4y
@O HolAuy EAWM]l A B 7%
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BSA144, BSB032) ¥ &2 5415 (V3, V7, Maple, Heukjinju, Heukgwang)2] DNAZ¢]
ApeK1(GCWGC) AraAE AHest & GBS library #1238 2™ Illumina Hiseq 2000
ZPE 02 short readsE AAFsFe] quality trimming $ de novo assemblyE 33
<. kmer=312=2 4383} assembled contig 235 #HHH2E A&}l cleaned readsE
BWA X230 % mappings Faste] AMZ7Fe] SNP9}F IndelS 43 <.
y ‘ BS_ Pl
BS_Hybrid
BSA-036

| | BSA-065
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‘ BESB-032
{ | BSA-101

‘ BSB-127
‘BSA-] 19

BSA-144

Figure 6-2. Phylogenetic tree based on boysenberry genotypes of 11 polymorphic SSR markers
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Figure 6-3. (a) GBS procedure (b) Construction of GBS library

- HolAdwy 2 E9WeE FAAY 1474159 GBS A3
59G bpel F7IMEE A=t Adapter H7IM<E

S A AF read lengthe <F 3.

509,806,521 bp Wl Hr 228,087,333 bpes T H AL
mapped¥ reads® JHAE 3

mapping©] €55 %=

MAS Ht 3.7 million reads® %

, low—quality reads, vlZ= 97|44

7G bpE FTH7IALEY 86.4%°IA e MAE 116,380,840 ~

De novo assembled contigs®ll

T 45737302 ¥t 1,682,345 bpe] A7IAE] contigsol

Table 6-6. Overview of the GBS sequence data and alignment to the reference sequence

Total Average/Plant

Total raw reads 58,819,606 3,676,225
Trimmed reads 50,831,040 3,176,940
Total length of raw reads (bp) 5,940,780,206 371,298,763
Total length of trimmed reads (bp) 3,649,397,325 228,087,333
Mapped reads on assembled contigs 6,403,221 457,373

No. of mapped regions 260,548 16,284

Total length of mapped regions (bp) 26,917,524 1,682,345
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7102 3} o1 heterzyous SNPE 40%760%2 T+ 7] @74 <Eo] F&

- BAE Z SNPE 1963470 2 11,328°] homozygous SNPo| i1 8306°] heterozyous SNPZE

5. HoldwlE] BSAL44 AlEe]l 7 B2 318671 SNPE Hilom = g

AL 502719 SNPE RS, ©] A= GBS trimmed reads®] & #Ho| 24

o} dxsly, HolAH g BSAl44 AlEo] 7FE BE trimmed readE 7HAW, &2
Fo] 7FF AL trimmed readE H IS

- Holdwg H Ed9u g FHAAE InDel¥ ol = &A= F 38970¢] InDel WHol7}

eF Al 5] Q) o 1 homozygous InDel©] 2927H heterozygous InDelO] INE o] FoA U+

223 o] InDel 4% SNP ®WolHtl Ao 4x=2 Ve, InDel= SNP¥ol¢} upzk7}x
2 Holzlug BSAl44 AlEo] 714 B 75719 InDelE& ®9om Edua 33o] 7}
F AL 6719 InDelE YL

Table 6-7. Summary of SNPs and InDels detected among the Rubusgenotypes

Total nos.
of No. of No. of Total No. of No. of
Line name detected homozygous  heterozygous detected homozygous  heterozygous
SNPs SNPsx* SNPss#: InDels InDels* InDels#**

1. BS_PI 1,607 994 613 36 24 12
2. BS_Hybrid 1,895 1,190 705 51 43 8
3. BSA036 1,024 706 318 23 18 5
4. BSA065 1,282 807 475 18 12 6
5. BSAQ78 1,663 692 971 22 19 3
6. BSA101 1,759 1,033 726 41 25 16
7. BSA119 1,268 704 564 27 22 5
8. BSA144 3,186 1,362 1,824 75 50 25
9. BSB032 838 545 293 19 15 4
10. V3 1,378 891 487 19 15 4
11. V7 551 387 164 7 6 1
12. Maple 1,554 884 670 24 20 4
13. Heukjinju 1,127 774 353 21 17 4
14. Heukgwang 502 359 143 6 6 0
Total 19,634 11,328 8,306 389 292 97
Average/plant 1,402.4 809.1 593.3 27.8 20.9 6.9

*Read depth > 90%, **40% < read depth < 60%

@ Holdwg EdWe] Jdok 2 FHAATe] FH%4 FARA A

- HolAddzg 3 =3 FAAAZE A union SNP marix loci®l 16,7267 S o] &3}
missing rate < 30% ©]3t2 ZEHS AA 1504702 union SNP locis A 2&tlS. At
H 150470 ¢ union SNP lociE Neighbor-Joining W< o] &3te] 2 3# ¢l JALE =
sl on, MEGAGE olg3lo] SdaAe BAS 4735198,

ht o
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o] &2l (5%, Maple, V7, &3 o2 FAFSN e, I1&F I+ 4 719 Rubus mu] =<

o]l (BSB032, BSA119, BSA101 ¥ BSAl144)E & 39S, 15 Ilo= HolAl Hg
%% BS_PI, BS_Hybrid % BSA036°] ¥3t&oAAS. 28 Y 2 712 Rubus FF =4
o] A% (BSA065 % BSA078)& oW ol &= &£31A] ekgks.
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3 (Rubus fruficosus original genotypes)

Maple (Rubus [fruticosus mutant line)

Heukgwang (Rrubus fruticosus mutant line)
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Heukjinju (Rubus fruticosus mutant line)
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Figure 6-8. Neighbor—joining dendrogram based on a pairwise distance matrix, which shows how

the 14 Rubus line accessions obtained from 1,504 SNPs were grouped.

(W) HojAwg Edwo] At 9 FAALe] FF G- SNP genotyping system 72

O HolAng] FFF% KASP genotyping assay 72

- FZJEE SNP vAE AEs7] Y8l missing data=0%°2.2 ZEH HAHS AA 1087 9
SNP locis A&std 5. o5 ol&ste] 7HA] 7t A7IM LS Hlaste] FFFEE vHA
ME H H=Z2 FE535 257H94 SNP lociE AWstdon olF &&3lod KASP
genotyping assay® WH3tE A2 F 6719 SNP lociol A+

- 6701¢] SNPu}# MECA 442304 u]’ﬂt g Eddo] gl B C A
7F et ow BolAlweled e Tok YO dEfdAE Ho Edue]er Boldde &
W oulARA F8IFFA o] =S, WS 442304 ¥ 427156 VA E AFE-SFe] BSA036S T
Wi, 536540 vHA AEE AHgstel bAIF 9l BS_PI £35S THSAS.

Table 6-8. New, validated KASP markers for the Rubusgenotypes used in this study.
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Refer
No. 1D ence

allele

Expected alleles

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 354992 A wt W T T W T T T T T T T T T
2 366042 T Y T Y T T T T T T T T T T T
3 426936 C C C C C C C C C C Y Y Y Y C
4 427156 A A A G A A A A A A A A A A A
5 442304 C Y Y T Y Y Y Y Y Y C C C C C
6 536540 G C S G G S G G G G G G G G G
*Line No.: Line number is listed in Table 2-2 ¥+ W: A or T; Y: Cor T; S: G or C
- KASP genotyping assay< SNP 3428 #2435 Q& gy d2 504 oligo &3 &
FEEAUAHE(FRET)S 7Whe2 A& DNAE 2 /ie] ddd 54 9= xelolw,
Sutel ¥5 w2z 2 ovhay e S22 gY F9% Sold Zefolu: whay
g0 A B ARl FRET 7HAEC A&3ste= 5 'dde] 5538 ng] AdE& E3hete] vt
= FAM 922 ¥4 o8 st HEX 9z EAstd 247e 3% 23 5%
jHAS 2% 233 o] 77 Q7] sdo] FAM, HEX,

9
= =
=g dfden, olE &&F fHa w

Table 6-9. Sequences for the new validated KASP assays, which were obtained from LGC

Genomics
ID Primer Sequence SNP allele
354992 Primer_AlleleFAM AAGGGCTACGAGCAGTGCATCA A
Primer_AlleleHEX AAGGGCTACGAGCAGTGCATCT T
Primer_Common CCAGATTCCATTGCATCATAGGCCTT
366042 Primer_AlleleFAM GAAGGCTACTCTTCTTGCTGATGTTA T
Primer_AlleleHEX AAGGCTACTCTTCTTGCTGATGTTG C
Primer_Common CCATGACAATTGCCCCAAGAGCAAA
426936 Primer_AlleleFAM CATCAACAGATTTCTTGTACTCTGGC C
Primer_AlleleHEX CATCAACAGATTTCTTGTACTCTGGT T
Primer_Common GAACCAACCAGGGTACTTATGAGCTT
427156 Primer_AlleleFAM CTGCCCACTGTGCTTCTT A
Primer_AlleleHEX GCTCTGCCCACTGTGCTTCTC G
Primer_Common CAGCGTGGACTAGCTCTGCCAT
442304 Primer_AlleleFAM GCACTATTTAACGCCTCAAAGCAC C
Primer_AlleleHEX GCACTATTTAACGCCTCAAAGCAT T
Primer_Common CACTGTATTCACTTGAGACCTCTGTTTTA
536540 Primer_AlleleFAM CCTCACCATCTCCCACCGG G

Primer_AlleleHEX CCTCACCATCTCCCACCGC
Primer_Common GCTTGAGGAGAAGAGGACTTGAGAT

(@)
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Figure 6-10. Genotyping results for the FRubus mutant lines after using the KASP assay
technique. The scatter plots with axes X and y represent allele discrimination of the
genotypes. The red and blue dots represent the homozygous alleles and the green dots
represent the heterozygous alleles. A: 354992, B: 366042 C: 426936, D: 427156, E: 442304, and

F: 536540.
(3) 3AtdE AFUE 2 A
b A3 Bdve] Fu % fAAA Hn
D A% sdwe] FAAY +7
- ARG EHde A =9 W EdAo] A 7H] FAAY B U gty A oA
BHE 4% 4949 1R BY SRsde AT 2AuFe B S0l
A% A 2 W QM)A BAMolE Bel HEAT Zelwolr AR o] gl
A 50Gy EAkel el dadell Eol P 54 Holv], AR IEA R ¢3S
ZAShe] QmG EQWe] 54 1.
Table 6-10. Origin of Dendrobium genotypes used in this study.
Culti Mutated
‘hrLlle lzgrrnes ' Section Origin Treatment Characteristics
1  Cheolpil D. candidum China  (Breeding line) ggﬁﬁt%%nal gﬁeﬁggu@fn
2 Cheolpi2 D.  candidum China  (Breeding line) Egg“tfé%“al B
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10
11
12
13

14

15
16
17
18

Somaclonal

Green flower

Cheolpi3 D. candidum China  (Breeding line) Variation
Hwanchol D. loddigesii China  (Breeding line) - -
Hwancho L Hwanchol (Breeding Gamma-ray 50 Leaf edge lined
mutant D.  loddigesii line) Gy
Jindo D moniliforme fi{fé)ea (Breeding g;);n;?é%nal Dwarf
Uju D.  moniliforme Jindo  (Breeding line) rﬁirtzsgpearllceesis Dwarf, Leaf edge
Keumseong D.  moniliforme Korea (Cultivar) -
Keumseokgok D. speciosum Korea (Cultivar) -
Keumchae D. nobile Korea (Cultivar) -
Royeol Dhybrid Korea  (Cultivar) -
Baekun Dhybrid Korea  (Cultivar) -
Sakurahime D. hybrid Japan  (Cultivar) -
Sakurahime X Leaf edge lined
Seolhwa D. hybrid Korea  (Cultivar) Chonsim,
gamma-ray 30 Gy
Sodudo Dhybrid Korea (Cultivar) -
Cheonsim D.  moniliforme China  (Cultivar) -
Hwangyong D. hybrid Korea  (Cultivar) -
Huimangbong D.hybrid Korea  (Cultivar) -

Figure 6-11. Leaf profile of Dendrobium mutant lines used in this study. A:! Cheolpil, B: Cheolpi2,
C: Cheolpi3, D: Hwanchol, E: Hwancho mutant, F: Jindo, G: Uju

(W) A= =@l Jat 32 Fdxdol& SNPvhA 7
@O A= o] Fd4d GBS 4
- A AR FFE v RS ffste] 18119 F kel tidte] DNA &5 ¢%
stglomn, GBS 415 93l DNAC ApeKI(GCWGC) A& irE AHed + GBS library A

2k3kl o Ilumina Hiseq 2000 Z#Z 02 short reads® AAFsle] quality trimming
cleaned reads® BWA Z 21O 2 Dendrobium officinale (Yan et al., 20159 Aw<S
reference® ©]-§-3}lo] mappingS T3t M ZE7HS] SNP9 Indels 485

% 7.3Gbel 971 <¥9S sequencingdt o™ HirHow 7 §HxE T 406.0 Mb 4 7] A
o] sequencing® A5, H2 FH HUIAES AAT £ 67,669,394 7Nl 7S reads
S don, AA AL ol 134 T 756 MbpE 1t 305 Mbpol A& D. officinale
(WA 2)o] AMEFA =HE AsAA<E14 Gb)S reference= Ao A 38168915
W7F mapped¥ o MZE T Hit 2120495709 readselRS. HirH oz HAEHHY H
reads®] 57.6 %7} reference Al%°] mapping® ow, wjE w® gJo] AA Zolx= 1245
MbSial AZ o FHyt 69 Mb 2™ reference A< °F 0.48 2} A & .

=
2=

o/ =
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Table 6-11. Summary of GBS sequence data and alignment to the reference genome sequence.

@

Total Average/Plant
Raw data
Reads 72,369,930 4,020,552
Bases (bp) 7,309,362,930 406,075,718
After trimming
Reads 67,669,394 3,759,411
Bases (bp) 5,496,353,577 305,352,977
Mapped reads on reference genome
Reads 38,168,915 2,120,495
Bases (bp) 124,456,408 6,914,245
Reference genome coverage (%) 0.48

- 1871
=3
o H

I 4,131782] SNPE H 5.
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Reference genome sequence: Yan et al. (2015)
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Table 6-12. Summary of single nucleotide polymorphisms (SNPs) induced in Dendrobium genotypes

Homoz

Heterozy

Classified ) )
Sample No. SNPs ygous gous loci Intergenic Genic CDS Intron Genes
SNPs  SNPs o

Cheolpil 28,747 17,262 11,485 25,794 10,380 15,414 9,716 5,713 7,139
Cheolpi2 27,102 15530 11,572 24,126 9,794 14,332 9,312 5,036 6,512
Cheolpi3 26,376 16,152 10,224 23,419 9,746 13,673 9,071 4,618 6,377
Hwanchol 9,611 9,514 97 9,252 1,189 8,063 6,909 1,161 2,829
Hwancho

14,303 13,999 304 13,789 1,761 12,028 10,205 1,830 3,894
mutant
Jindo 25,878 23,864 2,014 23,826 8,070 15,756 10,625 5,142 6,426
Uju 38535 37,015 1,520 35,350 12,275 23,075 15,367 7,725 7,983
Keumseong 41,709 35,288 6,421 38,473 13,287 25,186 16,663 8,543 8,439
Keumseokgok 27,695 26,071 1,624 25,532 8,514 17,018 11,466 5,562 6,563
Keumchae 31,843 29,430 2,413 29,413 9,313 20,100 13,867 6,244 7,363
Royeol 26,637 25,225 1,412 24,506 8,235 16,271 11,003 5,285 6,446
Baekun 28,150 26,519 1,631 25,853 8,635 17,218 11,530 5,699 6,732
Sakurahime 24,466 20,853 3,613 22,448 7,542 14,906 10,251 4,665 6,144
Seolhwa 43,478 36,982 6,496 39,668 14,589 25,079 16,612 8,490 8,486
Sodudo 25,021 23,720 1,301 23,148 7,328 15,820 11,091 4,746 6,301
Cheonsim 30,420 26,108 4,312 28,146 9,280 18,366 12,362 6,014 7,129
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Hwangyong 38,872 34,432 4,440 35,841 12,294 23,547 15,649 7,926 8,243

Huimangbong 28,817 25341 3,476 26,691 8,753 17,938 12,200 5,751 6,357
Total 517,660 443,305 74,355 475,275 160,985 314,290 214399 100,150 119,863
Unionloci 161,471 - - 145,961 55,176 90,785 59588 31,279 15449

- A% ¥ union loci SNP+= wEHEO|= X8 A% transition (A—Ge CoT)et
transversion (A<C, A<~T, C—G, G=T)e F IFo= Yoz, 161471712 union
SNP % 92,30770(57%)E transition®] %1 2., 69,1647l (43%)E transversiond o &. A —

= 21585 (134 %), C — T%& 24645 (153 %), G — AT 24444 (151 %), 21831 T
— C& 21,633 (134 %)°]0 5. Transversionol| Xl C—G Wol7} 11979711 (74%)o.2 717

H=7h soks.

Num"hciar:'hafgts >
LiRRiEE

BT |

A—C A—G A—T U—A O—G =1 G—A G0 G=T T—A T—0 TG
Type of changes

Figure 6-12. Number of nucleotide substitutions (A) and observed percentage transition and

transversion (B) in Dendrobium genotypes.

- ‘:}_"ﬁ“ Hol= SNPriA o] EAte= FAe 75& GO 7IedAor FE33oH
% 13561719 i AR EREAS. A=A AZBP), AE AR(CO), 4 75
(MF)°] 3 74 F8 52 &7 ¥ o34 SNPE ¢l &3t F42 ontologye] 71% 4
EF(GO) 48 3 S u, 71 & 252 BPE cellular aromatic compound
metabolic (27.6%), nucleobase-containing compound metabolic process (24.6%), protein
metabolic  process (22.9%), protein transport (18.0%) <°|%S. Intracellular
membrane-bounded organelle (65.5%), cytoplasm (51.8%) % integral component of
membrane (12.7%)<2 =& U4 SNPoA 71 B BXE HYS. MFol+ nucleic
acid binding (15.3%), cation binding (13.9%), nucleotide binding (13.5%)¢] X 3& % <.
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Figure 6-13. Histogram of GO terms of union SNPs in Dendrobium genotypes.
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Figure 6-14. Neighbor—joining dendrograms based on pairwise distance matrix representing the

grouping of the 18 Dendrobium genotypes obtained from 37,721 SNPs from GBS.
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Table 6-13. New validated KASP markers for Dendrobium genotypes.

Refer Expected alleles

1D ence
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

allele
scaffoldl T K* K K n n ¢C ¢6 G G T G G T K G G G G
scaffold22 A R R R G ¢CG 6 6 6 G G 6 G 6 G 6 G G G
scaffold79 C C C cC T T ¢ ¢ C C ¢C¢C C€¢C € C c¢C c €C C C
scaffold102 G G G G G G G G R G A G G G G G R G G
scaffold218 C C C CcC T Yy ¢ C C C C C Y C cC c C C C
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scaffold1003 A W W W A A T T W T A T T A W T T W W
scaffold1789 C Y Y Y C c T T T T C T T Y Y T Y T T
scaffold5616 A R R R G G G G G G G G GGG G GG G G
scaffold6896 C C c ¢C T T ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ Cc c cCc cC
scaffold6919 G G G G G G G G R G A G G G G G R G G

*Primer sequence listed in Table S2, ¥ Line numbers listed in Table 3-1, ¥ K: Gor T, Y: C or T, R: A

or G, W: Aor T

Table 6-14. Sequences for the new validated KASP assays,

which were obtained from LGC

Genomics
ID Primer Sequence SNP allele
scaffoldl Primer_AlleleFAM TTCTTCTATTATTTTTGGAGTTGCTGCA T
Primer_AlleleHEX CTTCTATTATTTTTGGAGTTGCTGCC G
Primer_Common TCTTTTGGGCTGTTCAAGCTTCATTCTAT
scaffold22 Primer_AlleleFAM CGACAAGTTTGGGGAGGAAGGT A
Primer_AlleleHEX GACAAGTTTGGGGAGGAAGGC G
Primer_Common GTTCTCCGCCTCACCCCTGATT
scaffold79 Primer_AlleleFAM ATGTTGTTCATTTTCTCCAGAGGAAAG C
Primer_AlleleHEX TATGTTGTTCATTTTCTCCAGAGGAAAA T
Primer_Common CCTCGTCACTTGTTAGAAATGCTTCTTT
scaffold102 Primer_AlleleFAM AACCAGTCTTGTTTAATGATACCATCC G
Primer_AlleleHEX GAACCAGTCTTGTTTAATGATACCATCT A
Primer_Common CATCTTGATTACCATAAGCAATGTTGGCAT
scaffold218 Primer_AlleleFAM CCACAAAGTAAACCTGCAAGAAGAG C
Primer_AlleleHEX AACCACAAAGTAAACCTGCAAGAAGAA T
Primer_Common TTATGTGAATGATTGGAATGGGAGGCAAT
scaffold1003 Primer_AlleleFAM CTTCATCATCTTCATATTTAAGAGAATGA A
Primer_AlleleHEX CTCTTCATCATCTTCATATTTAAGAGAATGT T
Primer_Common CATTCTCCAGGATCGTAAGGAGCTT
scaffold1789 Primer_AlleleFAM CGTCTGATCAACAGGAACACC C
Primer_AlleleHEX ACTCGTCTGATCAACAGGAACACT T
Primer_Common AGAAGACTTGGCTTTTCTTGGTAGGAAT
scaffold5616 Primer_AlleleFAM CAATTCCATGATCAAGACTGGCCTT A
Primer_AlleleHEX AATTCCATGATCAAGACTGGCCTC G
Primer_Common CAGTAAGCAGCGAAGTATAAGTGTTCAAA
scaffold6896 Primer_AlleleFAM CAACAACCGTGACAGAGTTTGTG C
Primer_AlleleHEX GCAACAACCGTGACAGAGTTTGTA T
Primer_Common ACTGCACCGGGAGGGAATTAACAAT
scaffold6919 Primer_AlleleFAM CTTCCATTTCATCAAACAGCCGC G
Primer_AlleleHEX CTCTTCCATTTCATCAAACAGCCGT A

Primer_Common

GCAGTTCATGGCAGGTCAGAGGAA
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Figure 6-15. Genotyping results of Dendrobium mutant lines by KASP assay. The scatter plot with
axes X and y represents allele discrimination of genotypes. The red and blue dots
represent the homozygous alleles. The green dots represent the heterozygous alleles. A:
scaffoldl, B: scaffold22 C: scaffold79, D: scaffold102, E: scaffold218, F: scaffold1003, G:
scaffold1789, H: scaffold5616. I: scaffold6896, J: scaffold6919.
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