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SUMMARY

[ . Title: Development of cultivars for Japanese H type radish

[I. The purpose of the research

Radish (Raphanus sativus L.) is one of the most important vegetables in Asian region including
Japan, China, and Korea. Especially in Japan, it makes up the second widest cultivation area among
vegetables. F1 hybrid cultivar of radish, with the highest level of quality, has become majority in
the Japanese market. Development of competitive combinations and cultivars, therefore, is expected
to generate significant value from regional and global export.

This research aims 1) to develop new radish cultivars for spring-sowing varieties taking the
highest price in Japanese market, 2) to develop new cultivars focusing on the high-end
autumn-sowing cultivars taking the largest cultivating area in Japanese market, and 3) to develop

new cultivars for over-winter segment and increase the radish market share in Japan.

III. Content and scope of research

1. Development of white-fleshy varieties of radish with late bolting and Fusarium wilt resistance:
The elite lines selected from the cultivation in low temperature area of Korea were used to
develop new F1 cultivars for spring-segment in Japanese market. New cultivars have good
characteristics, such as late bolting, Fusarium wilt resistance, good appearance and early
root-bluntness were developed. These cultivars are highly promising for Aomori and Hokkaido
area in northern part of Japan, where the cultivation area of radish is currently expanded in
Japan.

2. Development of Oriental Radish Varieties with Fast Root Enlargement and White Fresh:
This research developed F1 hybrid combinations through performance test of pure lines and
introductory lines. The research also includes the processes of purification and incompatibility test,
utilizing segregated lines. The tests and selections of varieties were conducted in the local field in
Japan, with the intention to shorten research time and for enhancing the local adaptability.
After pilot tests and verifications for the local adaptability were conducted on the selected
varieties, variety protection applications were applied. Additionally, in order to develop
high-quality varieties meeting high market standards, and to maintain long-term dominance in the
breeding market with tough competitions, male sterility method were applied to promising
varieties.

3. Development of Winter Radish Variety with White Flesh:
To widen the breeding materials, collected varieties from China and Japan. Most of pure lines are
segregated from F1 and OP varieties, tested SI, MS. Recurrent selection of promising lines and
combinations are carried out in Jeju island near to Japanese growing environment, but also inland.

Final F1 selection is conducted in Japan area by co-operation with Japanese companies.

_6_



IV. The results of research and development

1.

3.

Development of white-fleshy varieties of radish with late bolting and Fusarium wilt resistance:
The local adaptability test of new Japanese cultivars was conducted in cooperation with the seed
companies in Japan. Six promising cultivars were selected among the tested combinations, and
3004A were enrolled for plant variety protection and variety registration. In addition, the seeds of
61478 was produced 100 kg and exported to Japan in 2016. We also exported 400 kg of radish
seeds of 3001A and 3008A to Japan.

. Development of Oriental Radish Varieties with Fast Root Enlargement and White Fresh:

Three promising varieties among autumn-sowing varieties were selected and named as GR-29,
GR-30 and GR-31, respectively. After local adaptability test in the field, variety protection
application were applied for them. With the new varieties, approximately 1.2 million USD of
export to Japanese market has been achieved, which is about 5 time of the target number of 0.4
million USD. The size of export is expected to be grown rapidly when the test for the all
varieties finished. Besides, the new development of leading wvarieties will help develop new
varieties targeting other Asian markets including China and India.

Development of Winter Radish Variety with White Flesh:

Ten germplasm were collected and donated to National Gene Bank. 2 promising combinations are
selected finally through the local test in Japan and registered as the name of ARJ2102, ARJ2104

respectively.

V. Research results and performance utilization plan

1.

Establishment of excellent breeding technique for radish, and contribute to grow radish breeders
and assistants
FW inoculation screening system of radish was developed. It would be helpful to screen new

radish cultivars with FW resistance to Japanese market.

. The new radish cultivar with late bolting and FW resistance contributed to increase the market

share in radish seed market in Japan. We will continuously contribute to increase the export of
radish seeds of cultivar that developed in this study.

Counselling on export of new cultivars, and supporting successful seed production.

5. To utilize the results of this project for breeding radish for China market.
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A 44 F A
1. &Ay3A

T 89S do|= F oxysporum f. Sp. raphan= & A&

ojuf ElA AN ZFHEAE Pt JFAE ol Fdt FHAEHE EAs
Aol 7}s3stt.
2. Az}

= Ade g g, F2 & YA £9

il 74E]§ OlEQE} ‘%‘! A AEA S 7he v A E 53l
A e WAl A, TAHAE WEdo] YA gttt 57
of 7]o] &/t T4 eI E gt
Ao A3t 5= 24T o] 4tolH, 16T olstel 33T ol el s WHHA et ES
o] AHJ(pH 5.0-5.5)0]1, w47} FEdt ALAYFEA Aol wod, d5A
7FAE glol= EY FollA 5~151d37F AEsHy] wj ol WAZ} vl$- o2 #aolh.

ok

=

[e)
AE7t g 2, A9 meses ed & 2 % %?_ ’9'%7?1% =2 g w9 B
St AISS HY w= Qo BeElE ZERd Eo] olFste =RV A mE At
de As G4 +&F & 5 o
4, WA R

ARe M W WAol AB BFS 5 o4 BeIE U HIAEOT B A

£ HolWQH 65°70) EFUFI} EabvaBEe] o) Relo] AA7 U UEE @
ok HsEY AlSES F3a EY WEF FE7F =4 @A Fodh. EYGES AU @
SIAY HYEAES 3td HYedY EEE 9 T U A F A3 AFAEA F
FETES THolL, TR, EAESA ol AAETE, ZHITFTH Y IAbolA &
= Qo FF-HA sfAe] H st}

f

S HuFlorn, 1 & 1946 9~FA Waukeshad] ¥ ZEAoA F 913
Aol BHyu®El & dAe v A A BAYS JdtHPound, 1959; Pound<t
Fowler,1953). 1960dth L&A F A ity oz 4EA7} FH = o Auj=] HFto] H
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N

29y e 193449 w2 Bl E Yo} San Benitoo] ¢l White Chinese Winter Radish
o
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A 1A Rkl 2983 A e F S5

L B3 24 AT 54 A4 2 e
w5 FTHAES f8 FoiF =3 FHel Y ARl wEAY SeHtrE wE A
T AEE VIReE, FxAd gFet] AT AA F ONA AL S, A A
Te F3 7he 28)d A AdE St

ag AT 718 FA48 S ATe ol&3t, 4d0 2A 800 AlTe TS 1T
LEE WFEUE JheAol s S0 Ales A, HsRECR sFete] 2 Ao &
sttt

7h JHA A 8l AlSSA
Bt 2 A8 ARG BSA B FF TS ffdl ArI= ol 2013~20161 o
Ax WA D Al Ads AASAT. F2-F6 80041 s 4ddl ZAA nFste] 20139
25070 A1, 2014d 27071 A, 20161 30070 2 20161 300/0AE Adstdh (E D

% 1 A= A% 9 AuA g I3
Ty 20134 20144 20154 20163 &7
A A 250 270 300 300 1.120
A E A 20 20 20 20 30
ﬁﬂ‘é%ﬁ € 300 300 300 320 1.220
=l A A 230 250 250 280 1,010
(ET [e) )
dE2A A 40 40 40 40 160
F3)
DA A DA 4 6 10 10 30
EE)
i ! ! :
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E. 2 ATAE FEFRAR

B.N S (em) | AA(em) | F4(em) | 3HE(em) | B (em) | G5 R (%)) Ad=@

3002 28 6.4 7.4 4.5 39 27 1067 267

3003 30 6.6 8.4 5.4 38 31 1300 333

3004 27 6.4 7.5 5.2 34 28 1050 250

3005 27 6.3 6.8 3.8 38 29 917 283

3007 26 6.3 7.5 4.7 34 32 1133 300

3008 30 5.9 7.5 5 34 33 1133 283

3010 25 6.7 9.6 6.2 46 24 1733 367

3011 28 6.7 8.3 5.1 48 24 1583 383

3029 24 6.8 8.5 5.6 39 31 1133 350

3030 24 4.9 6.2 4.6 28 17 667 167

3031 33 5.9 6.5 4.1 47 26 1033 417

3037 32 5.9 7.6 5.2 46 27 1317 400

3042 31 5.7 7 4.3 43 25 1100 467

3044 24 5.8 8.3 5.5 40 24 1117 300

3045 30 5.3 6.5 4.9 41 27 1133 333

3049 31 6.1 6.4 4.1 45 26 917 333

3050 22 5.6 6.7 4.4 38 30 700 267

®. 3 MAAD FHRAR (T4A %)

BN ZHem) | AAlem) | FA(em) | 3HE(em) | G em) | G0 | AFQ AZ=@
1006-51 29 4.5 6.5 3.5 37 22 875 150
1006-52 26 4.4 6 3.2 34 20 875 150
1007-51 29 5 7.8 3.8 40 25 1,250 200
1007-52 29 4.5 6.5 3.8 38 27 1,250 200
1038-51 33 4.2 6 3.8 30 20 1075 100
1038-52 33 4.5 6.2 4 30 22 1075 100
1040-51 38 4.5 6.1 3.2 30 20 1013 113
1040-52 35 4.5 6.5 4 29 20 1013 113
1040-53 32 4 5.5 3.2 29 21 1013 113
1040-54 30 4 5.5 3 30 20 1013 113
1041-51 33 4.9 6.3 3.5 32 23 1150 100
1041-52 35 5 5.9 3 34 20 1150 100
1042-51 30 5 7 4 34 25 1200 150
1042-52 34 4.2 6.3 3.5 30 20 1200 150
1043-51 32 3.8 6 3.2 32 19 900 90
1043-52 32 4 6 3.1 27 22 900 90
1044-51 33 4 6.5 3.3 34 16 1050 75
1042-51 30 5 7 4 34 25 1200 150
1042-52 34 4.2 6.3 3.5 30 20 1200 150
1043-51 32 3.8 6 3.2 32 19 900 90
1043-52 32 4 6 3.1 27 22 900 90
1044-51 33 4 6.5 3.3 34 16 1050 75
1044-52 29 4.5 7 3 33 22 1050 75
1050-51 20 3.5 5.6 3.2 29 18 625 100
1050-52 20 4.5 6.1 3.5 38 22 625 100
1061-51 25 4.6 8.9 5 37 22 650 200
1063-51 23 3.9 7.5 4.2 29 21 1050 100
1063-52 25 4.1 7.3 3.8 30 18 1050 100
1065-51 22 4.2 7.9 4.5 29 25 900 125
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1065-52 22 3.5 6.5 34 27 25 900 125
1066-51 21 4.4 7.2 4 29 26 875 175
1066-52 20 4.5 6.7 4 30 25 875 175
1068-51 25 4.5 7 3.5 34 20 900 225
1068-52 25 3.9 6.2 3.5 37 20 900 225
1069-51 20 B 7.4 3.9 38 22 925 250
1069-52 20 4.9 7 3.8 35 23 925 250
1070-51 14 4.5 7 4 39 21 625 250
1070-52 12 4 7 3.9 37 21 625 250
1070-51 22 4 7.3 4 30 22 1025 175
1070-52 23 3.9 7.7 4.5 30 22 1025 175
1078-51 25 3.5 6.9 3.3 36 25 800 200
1078-52 16 4 6.5 4 34 28 800 200
1079-51 24 3.2 7.2 3.5 33 23 850 200
1079-52 34 3 6.7 3.5 35 23 850 200
1084-51 24 3.6 6 3.5 29 25 775 125
1084-52 22 3.5 7 3.5 31 26 775 125
1085-51 20 3.2 5.7 3 25 22 1125 150
1085-52 23 3.2 2.9 3.2 28 22 1125 150
1085-53 19 7.5 13 5 33 18 1125 150
1085-54 22 9.5 10.2 4.5 34 19 1125 150
1086-51 20 6 8.2 7 27 25 1050 150
1086-52 20 9.5 7.2 6.5 27 25 1050 150
1087-51 24 5.2 6.8 6 27 30 1025 150
1087-52 28 9.5 7 4.5 27 26 1025 150
1091-51 27 4 7.2 3.4 37 20 1025 200
1091-52 30 4.1 6.7 3.2 40 28 1025 200
1092-51 16 4.5 8.5 B 42 22 750 200
1092-52 17 3.5 8.3 3.5 39 24 750 200
1093-51 18 5 9.2 4.2 60 19 725 200
1093-52 10 3.1 3.9 3.2 27 23 725 200
1094-51 19 3.1 7 3.8 29 30 075 100
1094-52 16 4 5.3 3.5 27 23 975 100
1097-51 24 4.5 7.5 4 30 25 1000 100
1097-52 20 4.6 7.5 4.9 29 26 1000 100
1100-51 39 4.4 7 3.5 40 21 1550 225
1100-52 32 4.5 7.5 4 43 25 1550 225
1108-51 24 4.5 7 4.7 30 30 1000 225
1108-52 23 3.5 7.7 4 30 30 1000 225
1113-51 15 4.5 8.2 4.2 39 18 800 250
1113-52 13 4.2 8.1 4.9 37 16 800 250
1114-51 16 3.8 9.5 4.8 39 19 900 250
1114-52 11 4.8 7.8 4.2 36 18 900 250
1115-51 14 4.8 10.1 4.2 30 22 875 225
1115-52 12 4 7 4 34 21 875 225
1116-51 16 9.5 10.5 9.5 40 21 1133 300
1116-52 14 4.9 9.6 5.5 37 19 1133 300
1116-53 15 B 9 4.8 40 19 1133 300
1119-51 32 4.2 6.5 4 30 23 1000 200
1119-52 25 3.5 2.5 3.8 34 21 1000 200
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vk, olrket7 |)

(2 & A ASAE (L&
dEE R FF S48 98, A71E ol A4 2 AMAFAA 13} AdE
FETe 48 &AM MRS $AF AYeA AFAME Al 20151 12€ 18l
12k #F& shar 2016 249 159l 22t HF< AASAn. 13 g5l i +8 &
ZAbE 2016 49 21 7 220 23 wFoll tisiAl= 20161 59 117 13Yol EAME &
Aot

4B £ W=l AT Aol AFAME AlFstAth 2014~20161 ] 2AH wid

129 15974 Uol 14 HE2 sk ld 29 159 Aol 24 BEe AAstarh 14 %

Fol oY 3 T A
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FAIF B A AGolA AA AuAR 23 THsAe] e FE5E U B EE 3
Abell gt Al Alde AAR 23 TheAol e FEe TSI °olF 678 FF
7Fe/dol ofF Holu dmE A3 T A AP AASAL 6833 204FF 2

Qo] elso] taF AnE Asste] B Am Adstdh

O™ 11 QEIA ZA D AT Aa AEjA g A (JD204, JD678, JD683)

¥4 A8 AR AFGxAL

- &4 BOSAIF 20149 12€ 23 9, 20154 449 239 £ & xAL

o |vares | (o | G | o | 0 | o | o | 09 | Gp |
1 [R67 457 | 350 | 82 | 76 | 58 | 3.0 | 18 | 03 | 113
2 |Nukerun | 450 | 403 | 81 | 81 | 64 | 263 | 16 | 03 | 107
3 |50140 | 283 | 420 | 84 | 86 | 63 | 317 | 17 | 04 | 63
4 |Rre4 327 | 427 | 85 | 77 | 66 | 260 | 13 | 03 | 80
5 | Qs X133 413 | 71 | 70 | 61 | 250 | 12 | 03 | 90
6 | Qg X1 397 | 407 | 74 | 75 | 61 | 323 | 14 | 03 | 90
7 | Quez X 403 | 310 | 75 | 75 | 58 | 300 | 16 | 02 | 137
8 | Quaos | 437 | 460 | 74 | 66 | 54 | 323 | 13 | 04 | 83
9 Qs | 440 | 410 | 79 | 79 | 65 | 280 | 12 | 03 | 57
10 | Quass ® 1320 | 377 | 78 | 79 | 63 | 257 | 16 | 02 | 100
1| Qo X393 | 473 | 80 | 81 | 66 | 283 | 17 | 04 | 123
12 | i, X403 | a7 | 77 | 77 | 63 | 273 | 17 | 03 | 107
13 | Qe X 37| 347 | 70 | 71 | 59 | 233 | 14 | 02 | 143
4| Qs 440 | 380 | 71 | 72 | 63 | 277 | 08 | 03 | 130
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15 | Quee S 483 | 203 | 72 | 73 | 69 | 277 | 10 | 02 | 80
16 | Qe K| 200 | 453 | 86 | 83 | 68 | 203 | 15 | 03 | 80
17 | Nukerun 333 | 447 | 78 | 81 | 65 | 233 | 14 | 03 | 103
18 | Ré4 373 | 417 | 83 | 80 | 70 | 340 | 14 | 02 | 173
19 |ORKRG41 390 | 413 | 85 | 84 | 77 | 280 | 19 | 03 | 90
20 | QX 370 | 447 | 83 | 81 | 73 | 267 | 14 | 03 | 80
21 | Qg X1 320 | 393 | 86 | 82 | 71 | 250 | 13 | 02 | 7.3
22 | Quesg V| 200 | 367 | 82 | 87 | 73 | 240 | 13 | 02 | 67
23 | Qe Xl 280 | 377 | 69 | 67 | 57 | 317 | 15 | 03 | 127
24 | Ques X1 493 | 433 | 89 | 88 | 81 | 257 | 14 | 03 | 53
25 | Qe Nl 2r7 | 390 | 77 | 75 | 62 | 273 | 12 | 03 | 67
26 | Qe 10337 | 0330 | 78 | 79 | 71 | 247 | 16 | 02 | 90
27 | Qg X1 367 | 343 | 68 | 70 | 63 | 227 | 12 | 02 | 120
28 | Qe X370 | 500 | 76 | 75 | 60 | 220 | 15 | 04 | 97
29 | Qs X413 | 293 | 75 | 76 | 65 | 253 | 1.0 | 01 | 7.0
30 | Quess X 283 | 403 | 80 | 77 | 60 | 270 | 17 | 03 | 123
31 | Quass X440 | 353 | 79 | 78 | 60 | 227 | 16 | 02 | 120
32 | Qs X403 | 357 | 76 | 75 | 258 | 247 | 14 | 02 | 100
33 | Quase 1370 | 283 | 81 | 83 | 72 | 253 | 15 | 02 | 90
34 | Qe X1337 | 383 | 69 | 73 | 59 | 273 | 12 | 02 | 133
35 | Nukerun| 363 | 440 | 738 7.8 64 | 243 14 0.3 11.0
36 | Ro4 390 | 430 | 83 | 79 | 68 | 273 | 15 | 03 | 90
37 | Qe X %60 | 277 | 70 | 78 | 67 | 253 | L1 | 10 | 7.7
38 | QoS N1 293 | 437 | 74 | 74 | 63 | 247 | 16 | 06 | 107
39 | Qs K| 453 | 357 | 84 | 84 | 66 | 290 | 14 | 12 | 67
40 | Qs 273 | 427 | 79 | 86 | 61 | 230 | 11 | 17 | 6.0
41 | Qs K| 353 | 297 | 67 | 76 | 57 | 260 | 13 | 13 | 1L0
2 | K 423 | 353 | 76 | 82 | 52 | 263 | 16 | 12 | 127
43 | QR K330 | 477 | 71 | 74 | 62 | 243 | 12 | 14 | 107
44 | QK 403 | 490 | 80 | 80 | 62 | 317 | 17 | 14 | 10
65 | Qg X 383 | 397 | 72 | 77 | 60 | 253 | 14 | 14 | 87
46 | Gu7s o | 340 | 357 | 86 | 86 | 68 | 327 | 17 | 13 | 83
47 | Qs K| 420 | 380 | 86 | 78 | 52 | 357 | 17 | 15 | 97
48 | Qe X300 | 380 | 95 | 89 | 58 | 340 | 19 | 12 | 73
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5
- 24 SAF: 20159 29 159 T, 20159 59 99 3 F =4

Leaf Ave. Bolting Disease .
Variet Length A\I/)\eoiten Neck tolerant Py Color
Code NO Y Variety (cm) : Length(c
) gth (cm) m _ e
Izearly | 1_yeak 1=early 1=bad5=g
5=nil 5=strong | 5=late ood
401 Toprunn | 33 38 9 4 4 45
402 R64SB 30 35 8 45 3 45
403 50140 36 40 10 45 4 5
404 R64 32 36 9 45 4 45
405 702 | ORKR6A | 39 35 8 45 4 4
406 733 | ORREMO T g3 21 4 5 5 3.5
ORK
407 813 SR 34 40 10 45 2 4
ORK
408 833 | SR 31 31 5 4 4 5
ORK
409 839 | i 40 35 8 2 3 3
410 841 ORK 35 41 10 45 4 45
411094 : :
411 850 ORK 33 44 9 45 3 45
511850 : :
ORK
412 g51 | DRE 31 43 9 45 3 45
ORK
413 854 | RE 38 41 10 5 3 45
ORK
414 855 | ORK0614 | 35 37 8 5 2 3.5
78 Re
ORK
415 859 | cihRg 33 44 12 45 2 4
ORK
416 865 | cilns 34 38 9 5 2 5
417 R64SB 37 39 8 45 2 4
418 R64 36 38 7 45 2 4
ORK
419 876 314053 34 42 10 45 2 5
re
ORK
420 885 | o{re 33 40 9 45 4 5
ORK
421 886 | i 32 41 5 45 3 5
ORK
422 887 | ORE. 32 42 12 5 2 45
ORK
423 888 | R 42 34 6 5 2 4
ORK
424 889 | ilio 42 39 7 45 3 5
ORK
425 891 | DRE 33 38 6 45 2 5
ORK
426 892 | Phes 30 39 8 5 2 3 45
ORK
427 893 | RS 33 40 4 45 2 5
ORK
428 899 | DRE 40 38 16 4 45 3 3
ORK
429 901 | Phey 34 36 9 45 2 5
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ORK

430 904 RS 37 25 6 45 3 2.5
ORK
431 904 JRE, 39 38 8 5 2 3
ORK
432 905 ORE 41 41 12 45 2 2
ORK
433 906 ORK. 35 35 11 45 2 3
434 928 ORK 36 36 1 45 2 3.5
511928 : .
435 R64SB 40 40 9 5 3 45
436 R64 38 36 7 45 3 5
437 929 ORK 35 30 6 45 4 4
511929 :
ORK
438 931 RE 43 43 14 4 5 5
ORK
439 936 R 42 32 7 45 4 5
ORK
440 939 SRES 37 40 11 5 2 45
ORK
ORK
442 941 SR 37 37 8 5 2 4
ORK
443 956 conk 41 41 6 3 4 5
ORK
444 958 | gooni . | 42 40 4 3 5 5
ORK
445 960 ORES 30 40 5 4 5 5
ORK
446 965 SR 39 37 5 4 4 5
ORK
447 974 SRE 35 28 7 3.5 4 5
ORK
448 977 SR 33 38 6 35 4 5
449 R64SB 36 34 8 35 3 45
450 R64 34 36 7 45 4 45
451 MS R4 36 36 9 45 3 4
Re
452 e 34 35 8 5 3 3.5
ORKO0614
453 D618 32 37 8 5 3 -
(Normal)
454 Aonotort | 39 36 8 5 3 3
ORK
455 896 ALY 31 35 8 45 5 45
ORK
456 921 RS 33 37 11 5 3 3
ORK
457 OBk, 36 41 10 5 5 5
ORK
458 ok 33 39 9 5 3 3
ORK
459 314053 33 40 9 45 3 4
re
ORKO0614
460 1618 | OO0 30 39 8 5 3 -
ORK
461 SR 35 36 8 45 3 45
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&5 - MIRACLE SEED Co.Ltd. {83t :

FAX S : AR 1

B PRI B : 12/25/2015

OFR! OC$FEFT OTERLSIL OIEECESVLOCEARCEEL

&
Wik, ETETTRBOZL L, BEURLLITFET,

ST, KIRFEF
FETRES LS BBV LHITET,

i
dafll KAR
%k 200kg
M 20164F 12 A

%3% Ocean cargo to Osaka, Japan

OY 14 A 72 ASA

%, FTROM@Y EXW LETOT, FlOBFRHN

R

sk

_47_

Order Date: Dec. 24, 2015
Order No. : 151214

To: MIRACLE Co. Ltd.
563-20, WOLGAK-RO, AEWOL-EUP, JEJU-SI,
JEJU-DO, KOREA 690-907
Phone: (82)64-796-0384 Fax: (82)64-796:0383

Vegetable seed for Planting *

Variety Quantity Unit price Amount
Hybrid Radish (Raphanus sativus)

200 kg USD100.00/kg USD20,000.00
Total 200 kg 'USD20,000.00
Harvest Year : 2016

Delivery Time ¢ Within March 2017
Shipping method : By Vessel

Price base * FOB Korean port
Genetic purity : 98%
Germination Over 90%
Packing : 20kg /1 P.P. Bag
Seed Treatment:  Not treated

Terms of payment : T/T Payment (60 days after B/L date)
( Remarks)

1. We would like to ask you to send back soon this copy as agreement after signed.
2. Please kindly send us sample seed as soon as possible so that we can check its quality.

Best regards.
Date : Pec. 34, 2015

MIRACLE CO4 LTD.

Date : Dec. 24, 2015

CHel JuUN HWA Logistic Dept.

ceEo /
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BN4354, BN4357, BN4359, BN4363, BN4367, BN4373 &2 &
lulﬂlrﬂ Fej7h sk AGR7E MRskA g At
al

AU, FF 2Pl BEFHEA MSH7I5H] o §5h1A

_i'_

ot 4@ 7+ TAAE 2967H A<=
AaernB njenion x| o] &5t
o] o]E& UuATLoE v
7

% olAzteR, 240l A1
BN4379 tiv|Al TR T =7
Mg,

3 8 AT

12hd 22pd 3apd AAd= 7
TE FA | AR | BN | A | A | AY | A | AR | 3A | A
A | A% | A% | A% | A% | A% | A% | A% | A% | A%
2AF 30 10 58 19 48 20 160 25 296 74
A% 40 140 | 215 204 142 | 267 175 | 296 | 572 | 907
Al 70 150 | 273 | 223 | 190 | 287 | 335 | 321 | 868 | 981
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9. 48 Vw78 14 w5 54
A4 Zn  uY
= - 1 i= =] 2= o3 )
@A BN A% G o ey M=o AL RS
FS BS g™ a5 c
3205 | M708%1 (T} v]) 0.1 27| 35 3.8 38 3 s 4 4.6
3210 | M708(ch 1)) 06 | 14 | 37 3.9 28 2 L= 2 3.20
3212 | HuH-21-21 0.08 1006| 3 3.7 37 5 s 1 3.3
3215 | HuH-22-21 1.0 | 0.8 | 38 3.7 38 3.5 = 2 3.5
3216 | HuH-22-22 03 07| 38 3.7 38 3.5 s 2 3.3
13
Y= | 3215 | DNG-21-21 - |18 4 3.5 40 2.5 = 1 2.28
(2013)
3220 | DNG-22-22 0.04 | 1.3 4 3.5 34 3.7 = 1 2.20
3223 | 9=-51-1-2-21 1.4 09| 39 4 41 2.5 A=A 15 2.25
3427 | 2A41-1 003 11| 28 4 41 3 = 1 H &
3432 | 4 T84 - - 3.5 3.9 35 3 s 3.5 =9]
3437 | 12M-51-1 - 08| 35 3.8 37 2 = 3.5 o] 2

¥ FS: Flowering Selfing(F </ x vl 3}<2)
BS: Bud Selfing(¥ 4~/ a2l 3}7)

T 100D - 5(44)
TUAR) - 55 )

EXEd

1) - 5(vH

U= - 5(3h

FkKkk

1() - 5(x)
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o474

= 1

].

HlL=+
= A = o 5] 2= 310
Qx| BN AE G o oy Md o= AR B
FS BS 5™ 15 :
4379 | M70870 (jn)) 0 | 64| 3 4 36 | 35 | = 1 4.28
4380 | M708-51 (dj®) 07 | 11| 3 35 | 30 2 L 2 3.17
4302 | OHA14-3-63-54-G 0 | 24| 3 4 32 | 25 | = 3 4.14
OH64-1-51-53-54-
4345 - |21 3 45 | 40 3 o 4 1]
51-1
4350 | M31M - -] 3 35 | 32 | 35 | = 1 ) &
22t OH7087 -1-52-52-
W% | 4354 0 | 16| 3 4 34 | 35 | = | 35 | 331
(2014) 2121
OH70871-1-52-55-
4357 005| 13| 3 4 39 3 = | 35 | 325
21-21
OH70871-2-53-53-
4359 05 | 23| 3 4 39 | 25 | = | 35 | 326
92-91-1-21
OH70871-1-53-53-
4363 01 | 15| 3 4 39 | 25 | % | 35 | 331
92-21
OH70871-2-53-55-
4367 03 | 15| 3 4 39 | 25 | = | 35 | 326
922-91
OH70871-2-53-59-
4373 |0 o 10 |18 3 4 36 3 = | 35 | 329

¥ FS: Flowering Selfing(F </ vl 3}5)

BS: Bud Selfing(|d <~/ a1} 3}<7)

T 101D - 5(44)
T UAB) - 5(ER)

L) - 5(%D
1(x) - 5(%h

FkKk

TR - 5D
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e 2a Qa3 o TR oga a9
Az BN AE =40 B TT wg So g, | ke
FS  BS (1-5° Q-5 (cm) =™ a5~ 15 &9
5313 | M7087 (t] 1)) 0 |34 35 4 43 | 35 | = 4 4.10
5369 | 7M708-51(t 1) 08 | 11| 35 | 35 | 28 2 o 2 43
5303 | OH-2-51-1-53-51 - o6 25 4 48 3 -1 3 o) %
5304 | 8DOH-51-1-1 0 | 25| 3 42 | 36 4 2| 35 | 422
5306 | OH414-3-63-54SD) | 0 |07 | 3 42 | 33 3 = | 35 | 427
3 OH414-3-63-54-1
yx | 5308 01 | 20| 3 42 | 35 3 = | 35 | 42
(2015) (S5)
5310 | OH414-3-63-54 3 42 | 36 3 o 35 | =
(S1xS5) ' T ' -
5312 | M310-1 - o6 35 4 50 3 B 4 m) %
5339 | TG2-1-52 o |17 3 4 27 | 25 | = | 25 | 327
5342 | AHDKW-W-54-52 | 03 | 30 | 4 4 15 3 A=A 3 m) %
5352 | D771-2B-79 - lo7]| 35 4 43 | 25 | = 2 v %

% FS: Flowering Selfing(E /a1l 3}57)

BS: Bud Selfing(d 5+/xaL8) 3}<7)

T1ORA) - 5(Y

)

TUAR) - 5(ES)

U= - 5(9)
T U - 5

)

TTURD - 5(R)

_5‘]_




A4 - v H 2] 2= 510
Az BN A% 24 B 2 gy (5o | AL | =E
= Fs Bs (-5 (5 ( oo G G5 @Y
6315 | M708%1(th 1)) 02 | 19| 35 4 33 3 + 4 4.4
OH708%1-2-53-53~
6323 04 | 1.8 3 3.7 37 3 T 3.7 3.20
22-21-1-21
OH708%1-2-53-55-22
6329 - 1.5 3 3.7 38 3 T 3.7 IRzl
-21-21-1
4HDKW-1-59-53-5
6344 - 3.5 4 3.3 27 2.5 + 2.5 I R=l
1-1-52-53-51-51-1
6345 | SHD 02 | 14| 35 4 34 2.8 T 2 3.14
43}
d|x | 6351 | 7D7-1-51-1 - 11 4 2.5 23 2 5 2 2=
(2016)
6352 | 161SW(548)-1 - 3.0 3.5 3.5 30 3.5 5 4 H| 5
6353 | TAL-1 - - 2 3.5 32 3.5 5 1.5 Rl
8DD-2-54-52-52-5
6373 91 - 1.9 3 4.1 37 3 + 1 28
6413 | AK2-1-22-21 05 ] 0.2 2.5 3 30 3.5 + 1 3.5
6424 | HOL-1-21-22 0 0.6 2.5 3 36 3 i+ 1 3.3
¥ FS: Flowering Selfing(J 4=/ 2wl 3} )
BS: Bud Selfing(¥ <~/ ul) 3}<)
100 - 514D
TUAR) - 5(F2)
" 1x) - 5(%h
" U= - 53
9D - 5()
3datol e 487) AFS Awrslal 20715 ATl BN5303S T3 F¥AE A
b st 2uh BEARE wdHY 7heAs] Be 2718 S Ol%oP A Aerat
9tk BN5304= gAe] FatdA ol @i 457 B DA 2AR ALy FEFA
o o= Fgatmar Awatch BN5306, BN5308, BN5310S A7HEagtd A7t o

_52_



AZEEA, BN53062 SIela @A} S13 o] BN5308S S5 0 & o]5S 23t Ao
BN53100.2 Ao 2 tE EA4S & & §lth ol&2 MSFshy =
oAl 2FAA B8 5 e AoE At BNG312E 2
AGAE B3| HEA HEQ ATy A4rt Hste] &g Agto] & Aoz AT A
BN5339+= E\}Lﬁogi AR —‘?—7} 7Zskal Zu)n) 1‘417} HH}ED% A7t Aot APA ST =

=

W SaRen, BNSIZE A AFSE ool A A4t dskel 2ol W
A W AFolhs SAo] Holx| o} ey @A Beshana M

147 Aol AE 1607 AT BAS 257 ABS AagT, AY F 2e o
2 Suuol dAE Foidel meh 3, M A 2] Hdge] Aol FaeA 2 4
7F o] AE Ay =& 7|3 7F HAT BN6323, BN6329“ e A NS 2o 4Aa
ool QA2 $5aEA 28] Fok A/EF 844 BIA Wo| BesA
Akl th. BN6344, BN6345, BN6351 52 TIAZE Svv|ti7l wE AlFo =2 o] &3ta
A Aashgith BN6352E @alo] Astn |4t A on ;u],] waRgel Jert 58

o},

of Z2gol F8&E F A& ASz odnh. BN633S o GAZA |F57F B S4o] &
93 WA AR ew, BN63732 tHEU Aoz A0l dzsta At Ak
o] X1 AEelth. BN6413, BN6424%= o gAlol 717k WA Asoz §242 23 o]l
I A0 B AFLE EoAS Ze AFelth

LAY A

FEASe A 7H B2 WS AX e APLeE, Au|A] Fude S A A
o] 7} AAAo] EL} °li Aste] vIZFRS -2 WellA 27| AE k] Aule] kA
< Sdisletdth. 433k F 572 AlFS TAISk] 907 AFS A, 1AS sk A
3 Ros ad 107H o 2 kg H o R #Ag, HESY FAE FIEE 5 AU
19zt F2 93@A Mg JFsted ZuHtizr wE AT JFskdt. BN3386,
BN3387, BN3399 &2 <w|H|th7F w23 F57F sty 437F & ASE°lth BN3412,
BN3414, BN3409 52 Zw|H|th7} 71 whE AlE 2te] Z=Fol o A 1Ui H] o
7t BEEA wE Al 2FoNA AW e FEUIVF AHSER FIF Aol 24, S o
H] A 5(BN3210) ©o]de] 23 zh= ZS Adsilth BN3419, BN3420 —8— EL PRl 7
WE A 297 g2 A 23S dERA o e FEEA JElhuge 540 9l
= AFEolth
2@zt 2157 A% ¥ 16‘}04 2047 WAE A
o} o] o] A3 F

4L vt Y g QIx }% HAsta & Al FlolA iﬂﬂlﬂii Odo}@l EJOI
U golxls= d4S Holumg FE3] 1AHHE AFES tnF test crossE sHHA A%
S AEsta Al s T BN4389, BN4392&= A9 mAGAL AEo = Htr) W= o7

o0 FEef7} 5t Al th BN4412, BN4416 52 3] AjZo] 3oz Ash
AAe] 3 23A ZuAlo] AIMF Ae W AoT o AEo] AMuretth BN4429,
BN4452 & & E%LO] ‘2F7J A H A 111]7} mE Ao Z ME I3, BN4555, BN4593 &

3



®10. 9B FSR Fa Fol ABAT 54
o’l:]}g] :Lu'l ];]].ﬂ-
= Al e B H =] 2= Q
@ o avs maoiEen
FS BS 15" 0D )
3205 | M708%1(thH]) 01 | 2.7 3.5 3.5 38 3 + 4 4.6
3210 | M708(cH H]) 06 | 14 3.7 3.9 28 2 5 2 3.20
D708-1-59-51-23-2
3386 0 1.9 3 3.9 32 3 + 1.5 3.18
3-51
D708-59-51-24-21-
3387 99 02 | 1.7 3 3.7 32 3 5 1.5 3.11
D708-159-53-23
3399 0.8 | 2.0 4 3.7 37 2 5 2 3.22
-23-51
15
W% | 3412 | 166708-1-22-2151 - 3.0 2.5 3.5 35 2 + 2 3.5
(2013)
166708-1-22-24
3414 _51 1.3 | 1.9 2.5 4 33 2 + 2.5 3.3
2409 | 166708-2-27-52 0.7 | 3.3 3.8 3.9 32 2.5 5 2 3.11
3419 | D1667(or)-151 - - 3.5 4 42 3 5 2.5 LIRS
2420 | GHD x 16670r)-151 | 0.5 | 3.8 3 1.5 34 2.5 5 2.5 LIRS
(NS X 16670r)-2
3423 51 0 2.4 3 3 35 2 5 2.5 LIRS

% FS: Flowering Selfing(@ </ a vl 3}+<7)
BS: Bud Selfing( </l vl 3}<=)

T100) - 5(34)
TUAR) - 5(E)
" U(=) - 509D
(=) - 5%
1(3) - 5(x)

FkKKk

FkKkk
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G 2w g
i = T = CMR, 14
Az BN A 5 A B Wiy s AL MEiE
4379 | M70870 (tj 1) 0 [64| 3 | 4 | 36 | 35 | % | 4 | 428
4390 |M708-51 (ciul) | 07 | 11| 3 | 35 | 30 | 2 | ® | 2 | 317
74K-52-56-52-22-2
4389 | | 05 34| 3 | 35 | 32 | 2 | ® | 3 | 319
74K-51-51-51-21-2
4392 007 | 17| 4 | 35 | 29 | 2 | % | 3 | 314
2-21
ACT708-1-53-52-22
4412 004 34| 3 | 4 | 31|25 | % | 2 | 317
~21-21
22 AC708-1-53-52-24
g5 | 4416 004 13| 3 | 4 | 30 | 23| %= | 2 | 323
(2014) ~23-21
D708-1-51-51-22-2
4429 01 25| 25 | 4 | 31 | 3 | » | 2 | 311
2-22
D708-1-52-53-21-2
4452 03 20| 2 | 4 | 42 | 25 | = | 2 | 318
1-21
D708-1-56-53-23-2
4474 05 13| 2 | 4 | 3 |25 | % | 2 | 313
1-22
4555 | 166708-1-23-21-22 | 11 | 1.0 | 35 | 35 | 36 | 23 | %= | 2 | 320
4593 | SHDG67-2-22 004 20| 4 | 4 | 36 | 25 | % | 3 | 226

% FS: Flowering Selfing(9 <=/ vl 3}-57)
BS: Bud Selfing(R /a1l 3}<7)

T 100 - 5(44)
TUAR) - 5(ES)
1) - 59
=) - 58D
TTURD - 5(R)
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U5 an gy =z DY OME . a9
|ax | BN A s s 9" @ AA Bl o5 Qe
FS BS 5™ 05 :
5313 | M7083(t 1)) 0 | 34| 35 4 43 | 35 | = 4 4.10
5369 | 7M708-51(th H]) 08 | 11| 35 | 35 | 28 2 ] 2 43
74K-51-51-51-22-2
5371 09 | 04| 4 35 | 31 2 -1 2 3.18
1-21-21
74K-52-56-52-21-2
5373 18 | 24| 35 | 35 | 28 2 -] 2 317
1-21
sagg | ACTOBTIDIZEE L e g Ly | 9 | 2 | 2 3.21
-22-21-22-21 ‘ ‘ B '
3 D708-1-52-53-21-2
Y% | 5415 02 | 25| 2 4 36 | 25 | = | 15 | 324
(2015) 1-21-22-21
5433 | D7087196-53-24-21 0 o 06| 25 4 34 2 o 15 | 324
3-23-21-21 N e ‘ T ' '
166708-1-23-21-22
5458 1.0 | 1.0 | 35 4 33 2 = | 25 | 317
~22-91
166708-1-23-21-25
5465 01 05| 4 38 | 31 2 -] 3 311
—22-91
SHD1667-1-33-21-
5502 | 03 | 04| 35 4 32 2 = | 25 | 313
(TG2 x HuH-21)
5527 | o 02 | 40| 35 4 41 3 2 | 15 | mm

% FS: Flowering Selfing( </ aL vl 3}<7)
BS: Bud Selfing( </l vl 3}<7)

T 108 - 5(44)
TUAR) - 55 )
=) - 59
T U®) - 5(8h
() - 5(x)

Fkkkk
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o473

) 2u wE
} A G4 &F =g AF N34
4z | BN A E 15 45" @ A =L o5 @9
FS  BS 5™ 15
6492 | TM708-51(c) 1) 0 06| 35 | 25 | 24 | 2 | = | 2 | 33
166708-1-21-22-23
6493 0 06| 3 | 35 31| 2 | = | 25 | 330
_91-21-21
166708-1-23-21-24
6505 01106 35 | 4 | 25| 2 | = | 2 | 310
_24-21-21
GHD x 166708)-1
6534 05 14| 35 | 4 | 28| 2 | = | 2 | 315
~99-29-92-21
GHD x 166708)-1
6545 - 08! 35 35 13 | 2 | = | 2 | 318
-33-21-24-23
45
dx | 6557 | M7081(chH]) 02119 35 | 4 | 32| 35 | = | 4 44
(2016)
(70870 x OH-2-51
6560 0 20| 3 | 35 | 43 | 35 | = | 3 41
~1-53)-1-21-22
(70870 x OH-2-51
6570 10 |22 3 4 | 40 | 25 | = | 35 | 42
_1-53)-2-26-22
(TM708 x D708)-1
6601 008|290 25 | 37 | 28 | 2 | = | 25 | 318
~28-23
(12M x M708)-1
6612 02 | 17| 3 4 |29 | 2 | = | 25 | 310
~24-23
(M708 x ACDM))
6645 02 | 26| 3 35 | 98 | 2 | = | 2 _
_1-51-23

% FS: Flowering Selfing( </ aL vl 3}<7)
BS: Bud Selfing( </l vl 3}<7)

T10RA) - 524D
TUER) - 5(EE)

(=) - 5(%h
(=) - 5(vH)
1(e1) - 5(x)

Fdkdk

Fkkkk
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3R Aol s 27w Fdstd oy HZb-ehe2 HIEAlA & dx23 IX7F AL
Holl w2} A&, A2 So= ddol nls) 24| Ax SRt E Zpo|7} 7 Akl B
ojelgol UMY 1427} AlTe FAS 26770 Ase Addskdth. BN5371, BN53T3,
BN5389, BN5415 5-& A°] nAGA ] o]& ATz, Ads AA} FASHA HIti7}t W
E GEAE ¥t =AY oA olth. BN5415, BN5433, BN5458 & gAjo] xlst
3 W7 wmE ATl A3 AFoeE HddRo] oo % AFoE AEHIAL,
BN5527 &2 7he$718 @A &A= AGRTE st drt wen F SAzo] Ay
A AMZE 2AE SFAstA ATt

4dztell= 17570 Ale< A8kl 296 Ale< Adskalvh. BN6492, BN6493, BN6534,
BN6545 52 ZHHItiZE w23 H5rh A3t G@A AFoz Adsdd. A¥A=
BN6560, BN6570 52 7ol 21 Fo] A oj7fef B89 FH7l 3 Aso=w

o} =
Adbstai o BN6601, BN6612, BN6645 & 7Fe @& A w3t Ale S =8t it
=i 2R MEs ZFo] Tt ke AR &A1 e 4, AR A
Tog Bt o] wex FEjrt FA A
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3. 234 2 ArHEsgHA

bl Al =

—
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o

i
file)

o
e
-
or
i
=

o)
gt

c
BR

—_
o

3

A

;5}

WA x 7R Rl 23

A Al

5]

7]l o]

—_
o

o

oo dlo ofo
eI I VI A T e
m ol o |4 o%
< s o | %
B! o e %0 o
= P | | N
~ ~ ~ - Al
B | W e
/ / S| M g
m m o |
| |E
=3 =3 T
A+ - - o - -
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AP AR g sALE3 Aol o= st —’F%ﬂ?ﬂt‘r. 433 4

Aee L1282 olF AAASTLS 150801tk U= 9923
Isogenic lines THE7]9E AAEA oY TAHAFTA= ]ZEOIXP‘“’] 16F01La 1770
A AE = EY AFTCE mf¢ g A ofyn ol 5 S24F 9] IAH
TARAG] JH B3 HE o]o] S5, S16& o]t}

2 oA Aol 7 Bt o] AFE FRIF T 2FAAE S Fo=
x%L AY gloAd umEES =9 F AT =3
[sogenic line &4 A w&ERE AgoA #HAAHSE AAH heterogenic lines A% &
back-cross Fo2ZH ¥ wElZ= HEEZH FAHS &H4A ST 5 A

_li fo

==

_6"_
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%7 15 MS(EH-MF($) % vl
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® 12 FA/EL AS S48
A% o | MS €= | U4 e

641Hu-56-52-53-56 5 TAHYE =3 zol 287
67-1-52-G7 5 1Y% T} zgo] B8%F
6451-1-68 5 TR YT T} SR X
OH-2-51-52-54-52 6 TR 4T =t zgo] B8%F
OH-2-51-1-53 6 TAHYE mH GR-31 $Ho= Fgx
G3 5 1R B A= =%k Zo) &85
G4 5 THYE =t zgol 287
OH414-2-53-53(S5) 7 DAY 2t zgo] B8%
OH414-2-53-53(51) 5 TR =t zgo] BL%F
OH414-1-51-51-51 5 1Y% =t zgo] B8ZF
OH52FA-1-57 6 THYE T zgol 287
OH-2-51-52-54-51 6 TR 2t zgo] B8%
20H414-2-53-52-1(S1) 7 1R e =t E R X
20H414-2-53-52-2(S5) 5 TAHYE = Zol B8F
OH52FA-1-10 5 THYE 1} zgo] B8%F
BG414-1-54-52-52-51-51 5 TR m} zgo] B8%F
1D2 5 1 B A= =%k Z3 &85
OH-2-51-1-52-51-2 6 TAHYE = z3o] B8%
OH414-1-60-52-53 6 1Y%= =t zgo] B8ZF
OH64-1-51-53-54 5 TAHYE St zgol 287
HuH-21 5 TR =z x| B8%F
74K-52-50-52-22 6 TAHYE = zgo] B8%
74K-52-51-51-22 6 TH4E % zgo] B8%F
95N2 5 THYE £ zol 287
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M.SX] &

A% (e MS &% Fu4 H] 1
20H68-1-55-53-51-51-52 4 =l SRl
OBG414-1-60-53-52-22 5 2l Flarlsl
OBG414-1-60-53-53-22 5 o] 1.4 et
OBG414-1-60-51-53-22 4 2l Fianlsl
AC8JM-1-S57-21-51 6 =l Fianlsl
OH708%1-1-52-52-21 5 ol Flarlsl
OH708%1-1-52-55-21 5 o] 1.4 Elats)
OH708%1-2-53-55-51 5 ol Flanlsl
OH708%1-2-53-59-23 5 o] 1.4 el
OH708%1-2-54-54-22 5 =l Fianlsl
OH708%1-2-54-58-21 5 o] 1.4 Elats)
OH(S4) 4 o] 1.7 Exiaas!
8DOH 4 o] 1.4 Ealaas!
133SWM 3 o] 1.4 =
HuH-22-22 4 o] 1.7 z
4SD-1-53-1-59 2 o] 1.4 Exiaas!
652 3 o] 1.4 SRl
20H412-51-52-51-51 2 v 1% Sl
12M-51 2 ol e Ekisal=l
OH414-3-66-51-51 2 o] 1.4 Exiaas!
OH414-2-60-52-52 2 o] 1.7 Exiaas!
DNG 4 o] 14 =z
162SW 1 o] 1.4 =
9AUM 1 o] 1.4 z=
8IM-67M 1 o] 1.7 z
1127-51 1 o] 1.4 =
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5, Y8 A 2FATAY
7F 7FEATIAE
2AZEE AHZIA o]l FHHUNLoH 3350 AAH 1,980ni o 5oHEFS FAITA AP
TP T B F A FolA M Z¥ol F YEUY FUleEFe] o AESS
Asste Autd ZAIA AT LT AR A wid FASAT. QB Gl
wou F Auj| o wjgE7E glonz Z9A] F 53 "I“E:]7]' = AU =2 *
< Addstdt. HEES B Y Bt 25 J2 Ao, vl 93 9FS HA
g5t AlgS YA mjd 9 15€ S 7Fo 2 95351 —’Fﬁ“’ 11¢€ ZoA 12¢
Zz= Aleloll skt Alddxel 719 Wkt AA Zrigle Zolrt A AR Ao
FYsHA &EhTh
¥ 13 48 @A 2T AP U
TE 1= 2d = A= A E A
23 A7l | &7 | A7 | 71 | H7 | 7] | H7] | 7] | F7] | 7]
A vl A A (nf) - 1,320 | 660 660 660 660 660 660 | 1,980 | 3,300
FAN 20N - 190 190 166 175 165 190 175 555 696
A2U0d.2.) i 2013. | 2014. | 2014. | 2015. | 2015. | 2016. | 2016. ) )
927 | 912 | 926 | 913 | 924 | 912 | 9.26
STl 9.9 . 2014. | 2014. | 2015. | 2015. | 2016. | 2016. | 2017. ) )
1.22 | 1124 | 1.20 | 124 | 1.26 | 12.13 | 1.23
20149z = 99 120l 190x3 3EFFS FASHY 67] 23Fe AEsct 23] 9
AA HZFE AJAT JPFoRE Fdd Aoz HJoY, dEdrt ZHo]

4-5cm Fil TAE AU FH TN E FARE A3 ey, S
A ASHEZT 1199 22 Z92 g A2 =AU
BN505(OHA14-3-63-54(S1S2MS x 4HDKW-2-54)= §i4jo] &7 =427}
ow At 237t Hi 2o viti7p wsith § SAZE Aol UERLA
W oARZAYN A AeE yeEhd %A HAoh BN522(0H414-3-63-54(S1S2MS - x
HuH-2DE A|7H5-71 20 Holuh MFskA] ¢Fal Zurt g1 Z¥o] o 53
o9 o] gt Zo] gh2Alo|H A A5 sk % o7f E Zurt REHE FIIFL
Z A AA e 5T Ao 2 o iE o] AdEth BN5S51(OH703%1-2-53-59-23 x
74k-52-56-52-22), BN611(OH708%1-2-53 —53—22 X T74K-52-56-52-22-2-1)& o H] XA E=
ZFgoz2A UHEFH FAS 2ELS IR 2@ 2, Ad=E test crossol A 7HsA
BoFE z3o|t) tH|Z o Hldte] A5y tha Aty B &£z H o] HolX
A H AT BN688(D708-1-52-53-21-21-21 x OH414-3-63-54)-&

Z=

T &2 mlo r

Qato] ek

o}
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Bax GomA 57 AL B SAZE MAoR AR AxFste] £Ee} 4
S Fdstuxa Adstdth BN68I(D708-1-52-53-21-21-23 x OH708%1-2-53-59-21-21)
Galo] WAL APRIE ] B9 fAR AP FE 2FoE, Trlude =7
o =3o] upgalZe] Ao BRI HHololA Farle & WY & b 2o

Adste] Apdzo] des A ZA sk

HU A o ol

) . " v o=z = OERE S1 &
Az BN ES S =4 gt §3 ¥ ug g TP A
501 | ezelEnstEn) | 3 4 | 40 | 33| 25 | B 4 3
OHA414-3-63-54MS X
505 35 | 4 | 40 | 32 | 25 | = 3 35
AHDKW-2-54
OHA414-3-63-54MS
522 35 | 4 | 50 | 33 | 25 | ® 3 4
x HuH-21
OH70871 -2-53-59-
E;L 551 | 23-2 x T4K-52-56 3 | 35 | 41 | 31 | 25 | ® 3 35
(2014) ~52-22-2
OH70871-2-53-53
611 | -22-1-1 x 74K-52 3 | 35 | 42 | 32| 25 | ® 3 35
56-52-22-2-1
D708-1-52-53-21-21
688 3 4 | 43 | 31 | 25 | = | 25 1
21 X OH414-3-63-54
D708-1-52-53-21-21
689 | -23 x OH70871-2 3 4 | 3| 32| 3 | = | 25 4
-53-59-23-21
ZAF 2 10073 - 5(¥A)
sk oé]/\n (o:] i) — 5(}1:-;)

ZHH g - () - 58D
A7 109) - 5(8)
***** sk - 1(eh - 53
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=T  # <
o 5 5 -« A ZA o a7 sk
A At BN = x7 HA (h::m) (cm) HL}H E*:]
504 | @EMIIELst 1) 3 4 38 35 2.5 o] 4 3
OH414-3-63-54(S1S2)MS
505 3.5 4 35 34 3 =1 3 3.5
x 4HDKW-2-54
OH414-3-63-54(S1S5)MS
- 506 3.5 4 36 34 3 T 3 4
32k x HuH-21
ds
(2015) 509 | 5SHDMS x HuH-21 3 3.5 35 35 3 5 3 3.5
OH708%1-2-53-53-21-21-22 X
567 3.5 4 36 35 2.5 5 3 3.5
ACT08-1-53-52-24-21-21-21
OH708%1-2-53-55-22-21-21 X
578 3.5 4 38 38 2.7 T 3 3.5
Di08-1-52-53-21-21-21-21
1001 | @& (v7t=x3t £5) 3.5 4 37 39 3 7 4 3
OH708%1-2-52-55
1015 3.5 4 42 38 3 5 3.5 3.5
X 74K-52-56-52
OH-2-51-52-54-52MS
1056 3 3 37 37 3.2 5 3 3.5
x HuH-22
OH-2-51-1-53MS
1073 3 3.5 39 37 2.5 5 2.5 4
x TG2
4=}
W% | 1074 | OH-2-51-1-53MS x KW 3 3.5 40 42 3 5 2.5 4
(2016)
AC708-1-51-52-54
1114 3 3 38 40 2.5 F 3 3.5
X 708%1-2-53-53
AC708-1-51-52-54
1115 3 3 37 40 2.5 5 3 3.5
x OH708%1-2-53-55
74K-52-56-52MS
1065 3 3 39 39 2.7 5 3 3.5
x OH708%21-2-53-53
74K-51-51-51-22
1194 3 4 34 39 3 5+ 3.5 4
x OH64-1-51-53-54

224 1007 - 594D
FA - UAH) - 5(FF)
Zojud - (&) - 53
Sz 109 - 5(3)
- LH?J_'/%] : 1(9_}:) - 5(701-)

*k

Fddk
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3dAlE 99 1390l 1752 3852 FAS] 129 490 3, =Astch 243
EoEE Z152 9-1090) Hvh Ba £50h wgton, 1R EE 2%/t 3 v}
Ak o2 8] AwHoz Yol Fu HPor 2ol $5EA RIYL, UMEFF
9 EEE wHgrEol7h Uyehn 2 plot el A% wEEe] Aol ekt e g
7bgle Aoz wuE

BN505(d %= BN505, OH414-3-63-54(S1S2)MS x 4HDKW-2-54)= o] Zlstal A|F
7F MFEHA %2 A A7 dHEFTEG dsta ZrHtis 25 =2 "ol A
ﬁﬂr FRAGolo) A Ago| wjg Egate AF7A BYH EA
. BN506(d = BN522, OH414-3-63-54(S1S2)MS x HuH-21)
Aeta Ay Asta S97h 19w Sdo] st F
HE A=oly ZwHIti7l =il volumeo] =gtet. FEj
7Ry =g A7l g Ao AzEe AL HEstuA AEEsich
BN567(0OH708-2-53-53-21-21-22 x AC708-1-53 —52—24—23—21—21)% Aol g |l
Jape] Aa7F Asta 297 29w HI o2 I3 o] 53t nEsol= A8 ye
WAl got abdxel AzAlstel FH A Adsklth. BNS78(0H708%1-2-53-55-22-21-21
x D708-1-52-53-21-21-21-21)2 Zd % BN689<} o}A 2o =, AFH7} MF3hA] ol
J57F daty 25 2 HEo = Z3H8 A ¥le o E’Okol T o= Ausd
o AdsE AT BNSSL, BN611e A5 28 oA sl ey nigEol7t o
Az e} AdE A Fakrh

4Aaztel = 99 1290 190z 37 F5< FAISHY 1249 13 F=xAbstit jJrE

& 5

ol o

rlo

ol oX 5,0 rOif
o= o2 4
M o

rlO_O,_g‘

1o J»

8

rlo

_1

P

N

£
Mol g

OJ
U‘I

718 AT ALHE 9o} 2 £F SOR AT =4 st F2e] By
) E=F ode] mlste] o 109AE Rtk 2AL dde oz Yehgoy ue 4
T2 2 EZF YolAE Azt LAl HA X FEHAL Bl R0l Ba &
d EANTE AlSEH wiEEe7E A /it
HEES EE P2 BNI015, BN1065, BN1114, BN1115 5< Adaged o5 =
T A57) uFFRTE dsta 2ol fARAY 23 1 FEloln ¥ LAzl 4
F7b e stk 2HHdE BE@A s Sestg ot wEEels BRIt
HERA ol Aol s FA Aokt ole& AdEC AxFstd S4& A
gelstal vighgo]l AEE A8 wdstuA Adstgith BN1056S Adx= 7HE F7
N@A wtge] wel A7le FAT 2FoR @A 2T Ashy G457 BOwA X
FR7Y e ASE ASEA gH 28-S 2w Ytk Arle AP 24l H

Auje] o] We =FoE Wekslo] AWtk BNIOT, BNIOT4E [BFA x 7heA]
2oz 24l Sesit 2u el s A4 dsan

t 54 ZHEA b stk =
A AZAE T AR Adeln, FEAC) mons § FA4YE AEaA Hua
Atk BNLIO4: [¥H3A] x 7heA] 2% Fo4, Hol Aedgdgol Fsta ool s}
M W@l Y 2HOE A, FoNA A% PEILA Hustac



2 JAxY AEAE A A




r .
£oj i BRI L)




L 7}2—?71 AN

2ol ATA ZHAL ool B 2, 2olul, 27 Sol Bdel wal Wolx
= #

F mE 23S AYRTE G A%l S

BN919(OH 2-51-1-53 x HuH-21-D2 A|4HF7} ZFstar 819 #2743
of HIFFTHT 21 AL7] o7) FopA = Aol AAL
o] ¢t F SAZE Ao YEhA 1 FUAE
A F87Izte] A g Qe 2geE AT BN920(OH-2-51-1-53 x HuH-22-1)-2
BN919¢} A3 %3to g Wik o] FAStY 248 x5 #on ZuuidEs gwEy &
o] &zttt A7 A7t FokAle A4S BNIYR T oFstal thrlFF R = 7
o]tk BN9199F BN920& APd=el AFAlsted HFH o= D/ =39 Adetaix
AT BN934(771HMS x OH-2-51-1-53)& A|4H7F st &&o] 2a ZvHlgE F

DAZS [t x i) =2 FFo=, A7F dstal Fs40] UetuA Lk
TS AT F435] viti7t HAARY Foe] dB7t fle €5 e 2ReE
Adretgdth. BNI35(771HMS x HuH-21-DE X487F 48t1 £A5 A Lo 7ste &4
T oA F =77 23 2¥E et AFE Aoy Ao F &4
Zo]l FA= Fskoy aApdxol A st Adskth
# 15 7t 3U1AE Az AN E A3
E]%=2 _
. . et age 3% 22 SO TE saa gax
ﬁ ]’ BN = i]' ‘:g iz]’ %}JE' (cm) (cm) L*q] E”S] (SkE Rk
909 LB RAZITEE 3 3.5 30 38 4 5 2 4
OH-2-51-1-53
919 3 3.5 30 40 3 T 2 4
x HuH-21-1
1=} OH-2-51-1-53
=R 920 3.5 3 30 38 2.8 T 2 4
(261;) x HuH-22-1
771IHMS
934 3 3 26 40 2.5 T 2 4
x OH-2-51-1-53
935 | 771HMS x HuH-21-1 3 3 24 40 3 7 2 4
e
a= 704 B RAIHER) 3 3.5 32 32 4 T 2 4
(2014)
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OH-2-51-1-53MS
703 3 3 24 31 2.5 5 2 3
x HuH-22
OH-2-51-1-53MS
705 3 3 28 34 3 5 3 4
x HuH-21
714 | 8DSNMS x DNG-22 2.5 3.5 25 40 3.5 = 1.5 2.5
746 | OH x DNG-22 2.5 3.5 30 33 2.5 5 2 4
704 KA RAZITER) 3 3.5 44 48 2 = 2 4
OH-2-51-1-53MS
703 3 4 43 43 2 s 2 4
x HuH-22
707 | OHMS x DNG 3.5 4 47 42 2 = 2 4.2
32 OH-2-51-52-54-52MS
e A= 727 3 4 39 40 1.8 5 2 4
(2015) X HuH-22
789 | OH x 8]M-67M 3.5 4.2 40 41 2.5 = 2 4
OH414-3-63-54(51S5)M
803 3 4.2 35 43 3 = 3 4
S x 652
878 | T84 x D771-2B-79 3.5 4.2 40 46 2 F 3 3.5

*k

Fddk

EXE T

2741007 - 584
FA - UAE) - 5(FF)
ZHElg - 1(&) - 57D
SA7Z 0 109) - 5(3)
kg - 1(eP - 5G9

2P Eel = 99 2699 SHEakel oW 19 209 3, 2AGGo 1665F 1FF
2 FASAT. AW 1LAA b wekou £2EA Aol olFolHi 12¢els
JURT WME FY cAstel APre] ALFHL BRI o2 <Astel 2, Zululthr}
Al AAGUNE 87 AA olojl AoE FHH o 1Tt Be HolE BTk
BN703(dd %= BN920, OH-2-51-1-53MS x HuH-220)2 A&} &40 gu|FFTEY =
F Agkon Sultisl 2ozt W 2go) $5HET T S4%0] Aol e
gov YAZ {0 FAh SHBYL o] 88 2FOE 2Est SFde] AIE B
AZAIFe| HEIA AdstAt. BN705(d3d % BN919, OH-2-51-53-1-53MS x HuH-21)
2o AR T NG AL} AE et gom Zejugr} wEx
2go] $rSA F SAZE @S FAo] yeht wHos ngw, Adme] F7ha
SA@= AA BN7033% Hlwste] 43 23e Agstaar ddsgls. BN714(8DSNMS
o] AT A7t Aska T &gl WA
2o 2 sttt BN746(0OH x DNG-22)
e =3 Fou Zujust w

o s °
W S BEd HolQn, HABRS FHARFolgE FE

L
)}

AR

]_

_



o] A71e} 2719 FXtel AujEHERE o] Ao AEIA APt HdE ALEHIJA
BN934(771HMS x OH-2-51-1-53)2 &7o] UF ZAA Yepstal AGH7F oFste] ZrH| )
7} =of AwrEz] £33t BNI35(771HMS x HuH-2D=E A|H-7F 7Z338FA] & ojd| o)
7F =] AERA XA

3 ANFE 99 24l #F3te od 1€ 26¥€ FEEASIH o 16562 1FF
< FARIEY 353 ddig 203 531 AR T AlgE o] H7|5 F3A] bigi7F A
o gh5d HHE, I AGHFE O3 7|FE Qs B Ao)rt UrE‘rUer g &
Ao oqunc 4 Zo] 7k 71 23 70cmel olEHT. Z27)HE AARIE 2xtEd
Al B 7h Hlithsle] @A) wol UrE}‘”‘OU# Xl” 7} 33 =3 == =
7 FA Fdth. 53] dRlEF < =
2ol AXM =7 A X o3 At %‘HP E7HNAME FLsHA UES T
BN703(xd = BN703, OH-2-51-1-53MS x HuH-22)-2 tjjH] w?oﬂ Hlgteo] 24, 9
Frol dxxt Zpol7F A —:LU]HM]C w2 WA F2A40] gla o] kA= s
SN2 £2 Holil £&7} Tl AdE FUEUHAIE Y FTRHIEY AYo=
2 dka o ok BN707(JL % BN746, OHMS x DNG-22)= W3}z ¢y ||/} w=
m A7t dsta 249 AxE Aol Ao FFAHQ 2o AT

=0 4ol XV:;—‘?‘— Watgdo] Aate] AFEHS WY o SHAE 7&?‘&‘Lii
BAEAH. AdE w7t G FZA AFAFT dA ol
BN727(0OH-2-51-52-54-52MS x HuH-22)-& BN7033} o} 2o & fAEE 2|43t

o

O

| &

U]‘ﬂlﬂUP MEy 2T 22 HZe 2Fo] 9453 oY) HUAEE R A7)
7bsAdel A& AR Cﬁ]”ﬂoi Adkst k. BN789(OH x 8IM-6TM)= A7) ot <

6& 78 2HoE Tl Fwd] Agtal HHo] Yo Ko A ¢ S8
Bt WHE Asta AL 2-3¥ 9, 7138 + de 2¢eE AUt Ad=
2 Fst ThasTkel AlFste] AdE HAstaa Aty BN803(OH414-3-63
-54(SIS2MS x 652)= [RbFdf x WhEdi] =dto s ¥ iAoy A7 &
S7b wob 2 UA GAL, PolE WA Ht 5EUF xgos MUHET. I F
F9 9%+ bbrix FFolY B FFo] A4HE FE= 6.5brix2 1.5brix % Fo} vl
T EF2F e AS AES A At BN878(T84 x D771-2B-79)= Hd= A8&F
AT AFeA Agd [REEd x 5] 2FeEA IR Aot 2HE A

ZuR| g7 wmE Z3FoE AEAEdY. ddx AdEdE BN705(0OH-2-51-1-53MS  x
HuH-2D3 BN714(8DSNMS x DNG-22)= o] WH dar Zo|gdo] o] AdtEz] &
st

l
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6. Azl

YR HeR ARAFL QRAM P FHAV} 128 EEBE SEEFHT A (W
A x Al 2FE BEA ATl FEI FRo HALT 2l AY 198 HojH e
A9k Bk w7k 8T EC wle RewEs AAHS st U] UX e
AT ARAFL 34 21 Ak $HEYY AFA AR ol Qol= Al BA

& Ao

b HAgT A% F A £EU BAYGE Fugle]l Anw AFY 5 9 1
Atk @ s ol e 7 = A REEA BHYo| Folok 271FH &
gol ¥4 @3 BAFE F23 AT 5 ol P Aoz FEY & Yk

0149 ADAFE RE BHFAS 2202 AET AFoIYoH, 5] Fel7t ¢ 1)
24 oo 2 BEAglel AFS T 4 AUth BAVAT FF(IBInDAAE B
Aolg wEd ot AEAd wE Aoz AT 3 ALAFNAE 330 130
nl~180n 2 o] §83 Qi ATES AuHe Ao BuAth FARAAE 219
Z3olA EAEE BAT OH414-3-63-54(SDMS x 53HBoA = ¢3¢ 2A7F Z3iA T
Pt AT £/ meol oF R sz AF sl AU ols
el Aol DA MSE Flaned T F g 4ges wud,
D771-2B-79MS x T84:= 3 MS 1594 SRS BAV Stk Qo] #3 sEol ¢l

of weh Bo] FolakA i o ﬂw—rﬂ AR ) AFE A2 MSH
stel ABA 2ow AAge %i% o2 BoHTh A olHF AFL MS FE =
=L Ao

o f
mlo

-r‘rlro

E 16. AluzF4

Nstd
AAEF | AZFw) | B R
A F - = (€.9) =
TE =34
$ 193 % | 33m) | ¥ F)
OH-2-51-1-53MS x HuH-22 | 9 | 10 | 1,000 | A~ | 100 | 512 | 45 | MS
OH-2-51-1-53MS x HuH-21 | 6 | 10 | 600 | AA | 60 56 | 4.8 | MS
Al
2014 A% | OHA414-3-63-54(SIS5MS x
18 | 16 | 3500 | AA | 233 | 511 | 410 | MS
4HDKW-2-54
OH414-3-63-54(S1S5)MS
GISSMS X100 | 15 | 2000 | A7 | 133 | 511 | 41 | Ms
9INS-15
OH-2-51-1-53MS x HuH-22 | 55 | 28 | 4,900 | A4 | 160 | 57 | 46 | MS
Al
2015
FIES OHMS x DNG 12 [ 10 | 1,600 | AA | 130 | 424 | 46 | MS
OH414-3-63-54(S1S5MS x | 18 | 10 | 2,700 | AA | 180 | 4.26 | 414 | MS
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67-2-52-55

7THMS x DMJ 18 | 10 | 2600 | AA | 173 | 426 | 426 | MS
OH708-2-53-55-51MS
138 | 190 | A7 | 158 | 420 | 48 | MS
D708-1-52-53
OH414-3-63-54(SDMS
18| 14| 80 |AA| 56 | 52 |412| MS
53FB
Al
2016 1 4= | DI71-2B-79MS x T84 | 18 | 9 | 150 | AA | 10 | 429 | 55 | MS
OF414-3-63-54(SIS5MS
o 48 | 24 | 4000 | AA | 114 | 430 | 418 | MS
OHMS x 8IM-67M 36 | 28 | 3700 | AA | 123 | 430 | 42 | MS

a9 22, AnAfFE AA
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NPAFS QB DAZAB M)A Talo] BAY ) AmAFL AT wut AP
PHoE, B ABH AT BAML WARL FFL dSs] Wt FH4L T+ U
oz Sttt
17 A @A FATH
e Az | . | ©eEd & e
ae E Bz ’"(k")% 3 A5 (2.9 :l;
s
- (nf) £ (ml/3.3nf) Q 3
771HMS x 63-51-58 500 26 242 5.4 5.1 MS
2014
OBGMS x 63-51-58 500 18 168 5.1 5.1 MS
OHA414-3-63-54(S1S2)MS
2015 1,000 56 252 5.13 4.28 MS
x D596-7W
OHA414-3-63-54(SDMS x
1,000 50 231 5.2 4.30 MS
D596-7W
2016
OHMS x DNG 1,000 50 231 4.30 4.10 MS
2014 e T 2] MS $E ol§3te] A A o) Aolrh WRTH ol
R FA Frlol 71908 A7 FAHAY. 1 9 dxoE ©rRT 50kg FFES A5
AAA AFol Thesttte AAE IS F AT EEAAAAE o|FF7t %’ioi ?P‘é 3
s li

lil
N
o
(AN

NEe dFHAT AR FAAVTE FolA
yellow drop &-7&o] @ol yehy 23 7]3ko] %“JJ_
.

olﬂ
)
i
N,
o
@
o
o
A
rlr s
Bl
é
!
o
]I.
.
Y
i
2
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014dole BEF A7tESd ATEe Sl dAlz Fddk #olgl
8DSN2 BHAlTHT o] @o] AU ddL & ATl =7 A &

20159 FAEELY ATol 3AF, AtEstE ATe]l ATz 22 AT 4=
P8 AFH AT F A= 717 HAT A F AEHE A2 AYFo] R
A7t 5710l s}

A% LEATOE MM Ao, A7 A ofzh
2 2 FAEY. OHAIE Y OHSAEUAEY A= A

I zbo] o= A7) YERT
2016139 AFFHANAE FAHAEUAR AT T35 EAFHSE Yeyth o ZAE
(e} s

A Asl7] 95t FUFH o EZ = isogenic lined WHES] A YEE AYAEIA A Q- Z
A

-
Ho
o o
2
i
1=
(o
N
P
(o

stol Aol E

ox,
i
jule
ox,

(o3

L

(o]

Ol (@]
(@]

T

-

o

b

o=

v - R
A= A5 a3 ?;11) NEF 7)€}
(nf) (ml /3.3n8)
OH 500 18,900 126 eHak7k 23] 2
2014 8DSN 82 1,500 60 ehak7k 23] 2
HuH 30 900 100 ehabrh 23] 2
M708-51 30 1,100 122 BHak7 222 2
OH 165 2,450 49 L7224 g
2015 OHMS 66 20 1 ehab7k A 2
OH-2-51-1-53MS 165 130 36 ehab7k A 2
OH414-3-63-54(SDMS 40 130 10.8 Bk 23] 2
OHMS 230 550 7.8 Bk 222 2
OH-2-51-1-53MS 330 500 5.0 BHak7F 23] 2
OH414-3-53-54(SDMS 230 1,000 14.2 BHak7k 225 2
2016 D771-2B-79MS 83 60 2.4 Bk 27 )
ACDM]J-1-53-51-53 66 150 75 eHak7k 23] 2
DNG 83 2,000 80.0 B A7) 2
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9. 7N FFo L& AgANE 2

7}. 30406
2013 Z7tol=o] =FATAIFS oJFste] Add 2o zA Foirt =3 A
o 4% Z7lolx 6-7¢ 7lex71AM 9@ HA FxA Ayt e 2doeE NS

J
o 2FAT A Fok =n 2ueigs e Gt 2n AGRE 42X gl oE
FQl shehbul Atolfrze] HERT $ShATh 20149 69 3 BHE FrlolE ARe 3
Aol SS9 GR-261THE M FE 2nE Wk, 79 39 FEAE A
golont 2] gkom, 20149 BA 7hexr1Ql 89 219 WE AT BE
o gae wgith Tt 993U BE AWML BUES AtEES HoFs
FAR 5] $5BILE BhTh 201569 FobelE 69 119 5hE APlA D2e] 25%
A5 Ueh} 2 442 Hol 2ilx, 79 129 RFIAE de] Uehtor] 71g
27 B 8¢ 219 TFNAE BE FFEe] 42 e By
20164 5% 299 5HF Erlol= AN E HHIEF EEET S5 FHE Wk
69 119 sHEolAE 2de Srstgoy Mgl M ZAHol .

$Q BRER Hopsol A Ft g 2elust we

M ZFo] Fob 3 HILE WY 7d 49 FFAFANAE ZHHIUF M2 3

[} ]?:]__
B 23 (ME x HF] 2@024 SolsiAl el s F3 z@ger w
g Fol ¢4tk 2eu G57E Bob FHH AxTlde FE
weFo] /4ol wel HigtEo] A4to] Uehbe Zog L A% o] Alde
stme & BAUE HA @ Aow AztdAn 20159 A A
o AgsRonz AFdxd F4F ARE T £ AL A

_82_



1}, 30920, 30935
20143 9¢ 19¢ 71L357]) A Y
o EAbo] oA A o] al %4*—“101 Astd 55 L

o} 30935+ Aol i A 94

09 HE ABAAE A
How APF Ao, 20169 AFPL el 20174

olm] 2017'd 200kg®| F&E<= W& AEiTh

=

A3E B AdEREH= 309358 Al9stal 309205 54
ol 100kge AT Aol
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a9 26. 30920, % A88

3£ 19. 30406 A=tAE A7 (2013)
= 6.8, % 8.7, AuA: Zlol =
=% =7 I3 s =] A 3
EEE (cm) (cm) (cm) o Hj o™ - e e
=} 35 6.7 42 2-3 4 3 oA ANN@)
EOh 34 6.7 49 4 3-4 3 AO AN@®)
30406 34 6.0 32 3-4 4-5 3 O O

A 1 (A)-5()
rE T 1(YH-5(%)

kg A 1(53)-50)
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3£ 20. 30406 A=A A (20143)

3% 6.3, & 8.5, AHiA: ZIto=
24 =4 94 _. =9 =4 A9
Y | | | P || < | e | | B
GR-26 41 7.2 42 2.5 3.5 4 0 O O
EOh 38 7.2 47 4.5 3 4 0 oA N®)
30406 39 7.3 47 3 3.5 4 0 oA NG
o D5
2o a) o) 1(FH)-5(%)
sk g, 1(2270)-5011)
3 21. 30406 AFAE A3 (201449)
5% 7.3, 45 828, AW Brholw
24 =24 9% _. = %4 aa Ag
T e | e | e | T | wae | ~ | e | | T | B
EOh, 34 6.8 46 3 3.5 4 2/5 0 oA AO
30406 29 6.0 40 3.5 3.5 4 0 0 JAN AX
o )5
wx U)o 1(9)-5(2)
sk g 1(22)-5(011)
3E 22. 30406 A=FAE A3 (201449)
a2 8.21, 4% 10.15, Auix: J&kd
seq  OF °A 28 9% . @d &4 wa
(cm (m (@) (cm) Ht) 73]
HAE 37 33 6.0 2,300 40 3.5 3 3.5 0 AN®) A
EODF 36 6.8 3,150 34 3 4 4 0 O oA
Eors 39 69 370 45 3 35 35 0 A0 Oa
30406 35 6.7 3,200 42 3 4 3.5 0 O N®)

* 5 1(2)-5(21)
wx2uu) o 1(7H)-5(2)

s gl 1(53)-508)
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£ 23. 30406 AAF A3} (2014%)

= 9.3, 3 10.31, AuiA: Y2
- 2% =4 2% 9% . =9 %4 A9
Het (m (m (@) (cm) L 111 R 2 b
MAE37 34 67 1050 40 35 3 5 0 A N
By 35 70 1250 42 25 4 4 0 O O
30406 34 70 1,20 4 25 4 35 0 O O

A4 1(D)-5(FD

) a ) 1(Th-5(2)

kg ](4270)-5()

24, 30406 AAF A} (2015%)

9 6.11, 8 8.6, AuiA: Z7lol=
N =% =2 97 . o= ¥ _
o @ @ T oage ¥ - B %A

mEErls) 34 68 44 3 2 0 3 oA oA
30406 32 65 46 3 35 312 4 oA X

A 1(AD)-5(F1)

et 1(FH-5(%)

ik ) 1(570)-5(41)

25, 30406 AgAE A} (2015%)

B%: 712, 58 9.10, AWA: Trto|=

oz 2 \ Zu A A _

L B (cf) 2;; 3T % Hlﬂll”* s 733 |
HEohx a1 77 51 3 0 35 4 0o O Oa
BOH 36 69 42 45 0 45 4 0 O O
30406 39 67 46 35 512 35 35 0 OA X@D

24 1(A)-5(2)
2o u) ) 1(9H-5(%)

AL 1(53)-508)
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3 26. 30406 A=A A (20159)

a2 8.21, 3k 10.14, Aui=A: vk
=& 27 by o =H) 8-
I 2= - . 7
== (cm (cm (cm A a ) e 37}
BOF 36 7.2 46 2 3.5 4 oA O
=3 36 6.4 42 4 3.5 4 O X
30406 38 6.9 40 3 3.5 3 OA OA
*A 4= 1(HA)-5(F1)
wx ) ) o): 1(9H)-5(2)
*%k% O /\]] 1(%;]) 5(1;]1'})
3 27. 30406 AZFAIE AR (20169)
9% 523, 28 7.27. AWM A F7to]=
=3 b= Ry ; N .
=59 ) FH 37}
(cm) (cm)
B 38 48 0 O O
30406 37 40 0 @) @)
3 28. 30406 A AR (2016)
g 6.11, % 8.4, AR Trlol=
=3 =7 bl o =] 54 _
XL Pt - . 7
7% (cm) (m)  (cm) Hl o e S
GR-26 34 6.0 43 2 2.5 4 OA AO
5= 33 6.3 53 2.5 2.5 5 OA OA
30406 34 6.6 45 3 2.5 4 O A

A 1()-5(F)
v 1(7H)-5(%)

w152 2)-50)

**;:LU'I
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329, 30406 A=tAE A (20161
95 6.26, 5 8.25, AujA]: EI}lo]=

=% = =2 A o —u .
T (cr?) (crjlé) —:cm? (‘(::]r?) o H| EHL il i
EOof, 39 7.8 16 46 3 2 3 AN
30406 39 8.1 16 42 3 4 0 O
24 1AD-5(FD
e g 1(RH-5(F)
3# 30. 30406 A=FAE A (2016%)
3 74, 8 8.31, AR Zrlolx
24 2 y T
FER (cr?) (cr;é) 2;?) S 1’41]”’ Towm an
Eohc 32 6.4 44 3.5 2 3 AN X
30406 35 7.0 42 3 3.5 4 O O
2 125D
s 2o]ul ) 1(2H-5(2)
kg Al 1S 3D-50)
3% 31. 30920, 30935 A=A A (20149)
52 9.19, S8k 12,10, AWjA: Lheha
24 =2 . 2H 8§48 ag
FIR (cr?; (cf; 213 i H]tH]"* - —:—ilo} el
eyl 39 6.4 44 2 3 4 0 AO ANO
30920 37 6.5 50 1 3 3 0 O O
30935 41 6.5 47 1.5 1.5 3.5 0 oA O

2 UD)-5(D)
) El: 1(9H)-5(=)

FEgAY 15 3)-50)
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3£ 32. 30920, 30935 A=gAE A (20141~2015)
& 9.30, 8 1.16, A=A Y3

3
57 Z;é’; (in"i f;i 32 j;L g @4 wd W)
2.yl 32 6.7 37 1.5 2.5 3 3.5 AX AX
30920 31 6.9 31 1 3 3 2 AN®) oA
30935 39 6.0 34 1.5 2 3.5 2 AN@®) oA

Ao D)5
rEE T 1(YH-5(%)
ik gAY 1(470)-504)

wRExROI Y SLA: 1(2H)-5(7)

t
ol

a9 27. Aln Box
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o

10 Z7]uITh g WgA 2 9)gy PR A
I R

D #
TUSTHENY Ay AYY AAS 96, F FF 2 AT T4 4 08y
A]

(719 23). 2013, 2014, 2015, 2016 9€¥ 1597, AlFhsta A4 W 3h9-2o
T2 Efold 7 FAE ATERE 74 08 ST wopeS Fol7] S8,
o] AlofHE AFHEA WellAd Tols FESIIT. ot A F EgolE ¢

==

Pk

O Ho

= AL

o

SEHE JE
oo
 HJ

(T—

ol

Ly
4 ==

e

T S ANA

d

._L_/\]

AR el AR olE: FEET ] FolstH 17U 2§, A AT APl 3
ST

Y 8 S F4 E Y 0

2 A28 HF
A&y BAF (F oxysporum f. sp. raphan)e =2 F YA G(FY= TP YA 2

A AAD A R BEY B2 o WRkdl A 2}FH Ao (Syngenta Co., Korea)
(Yu et al, 2013). =¥ =vE 934, potato dextrose agar liquid mediumol| A 25

oA ¥ FEUdd 9% ZAE £Y ¥ Agdt du9d yE:

T
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hemocytometerE ©]-&3t 10° per mm* 7} H == ZHaAch A3 HAFS 2
g E& A9 & Folfdl @, & FEAE 1mY BFete] HFotes LA oR o
o AT FEY ASHHE sy, FEFuE AFsIT (2F 24). E
mat £ AFsta, s 7P ol HEdd 22 WYEE AASAH. T
A e &olatAl st Hsted F2 B Fo By £ 2-3cmE £o2 Aoyt
o] 2] g3, #5 dedes 7 10mly Eete] 5o
7 X < 5 5E% AASNT (™ 24). A
, A1 24 YoM A st HEF 1

N o
= g
o
=2
>
4

ny
N ‘C& f et
lo
o\
o

=2
Jo

— M\ d

ki
X0 i

_{
<l
a
&
o
ot
> o

o

)
ox
ot
kr
il
N
>
Ql',
ot
o

o M o

N ok
;‘\;‘)l 4

w5 10ml¥ &+

_9"_



g4 5 Anjae

Q) A THE 2

2013, 2014, 2015, 20163 9€¢ 1597 HF%F, 5% 1574 9€ 23¢ 4) A oF
€ ATsL, HF £ 15, 27, 3T wIAAEE AU ¥ EE DI (Disease
Index)E &A43tAtt (29 25). DI= 158 9744 1, 3, 5, 7, 9¢] SPAIE F&E3titt 4 A=
upel, 19A!: BAg A=A E57F 3AL 394! 61-80% AEAA Ao Ko =ojAal
AGo] TABIAY Qo] Hsle 93 =4S B 5tHA!: 41-60%2] AEA A $)3 =4
S B9, TAA: 21-40%2] A=AV A3 A4S B, 99 AEA7) WS AHS AR, X
FHCAM e} flxy g o] A UEUA o, ol 5 BAlE FEst ZIFsiin (2
4 26).

o \ = " A v - - * .‘i o .._{,-,ﬂ-_];ﬂ.'-,
2212/ (8 ASF 25) 3Rz (3 HEF 3F)

1% 30. DI (Disease Index)
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719 31 DI (1,3,5,7,9)°] w& A=71A41¢f e

ERE-E 3K

F 5 o Q7Y A3 AR 4BANA 93 Syo] wIHY] ARk 191
A% U A T3 AFPel oF AFAAE AZA7E DAY Dol G Fao] et
G7) AR SIEe ZAGA BEsa 25455 We Aoz A Qu, B A%
4 ARG E EAIN ) AP 1%T Al WS FET Ak

(D 20139 AHF AIg 23
Aol W= DI (Disease Index)Z =438ttt DI 13E 9714 1, 3, 5, 7, 99 bTA=Z
TSkl YR (Lo]Ba--9uA), WA AEE %= Wdkste] Jehdidoh (0%:©18 43
--100% WA, &S THT 2, AT FIFT 2 A% 5 A As A9sta, A9
WA 11-40%E Yetll = AExee 227 553 7541, 41-60%71 43553 8371%, 61-90%7F
515353 25A41%, 91-100%7} 41553} 334|522 YEGT (3 33). tiH|Fo.2 AFE-SH 8% &
AT EEc 434 Iy E =4 JElda, YRAK #HEF Higc L E Yol Y
B FEA Aol FAHAY. 53] F1FF FollA= D5% MS X HUH 21, 227} 7F =2
WHES Hof, o g FF0E S35 A4 Aog 7d At (& 3D. 283 AT oA
= 'D708-1-56-53-54-23', 'D708-1-59-54-23-21, -22, -23’, ’'D708-1-59-53-22-21, -22’,
'D708-2-54-52-23-22", °)’¢ TAZ A WA 100%2 Uebdr] wl&ol, A& 5 §4 A F
rEo g artsslelet AZtdnh B HuMoMe AAdAN WA 91-100%] 2l 2ETHS
A712 3h. B AgdAs A% HES P AEF dTdEH IR st W oF o] Fo
Bou, Ad=de A T 45 A e W08 HEst HEFPd e a84S

H| e ool

|
4

ot
o
M
ofr

=
T
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3 33 F1EE (62418 € AlF (216%) o tigk $1 WwAd 2=ApE3

A WEAE (B Fl % ORA) As OhAIE) WHEFF

11-40 227 75 B% BAT =HE WHh
41-60 43 83 1BE #Z R63
61-90 51 25 ¥ixd HFia
91-100 41 33 YRAKR fE Fia
A 362 216

34 899 W Adel wg A4 Jehd FIFE 2 A5 Z2E (¥4 91-100%)

BN A2 HHAE (%) FE A58

39 91 OH x AP2708-2-51-53-21-22

548 91 D708-1-51-51-22-22

40 92 OH414-3-63-54 x D708-1-52-51-21-21

41 92 OH414-3-63-54x D708-1-52-53-21-21

104 92 D708-1-52-51-21-22 x OH

108 92 D708-1-52-51-22-23 x OH

134 92 D708-1-59-51-24-22 x M708%

148 92 AB708-1-53-52-22-23 x M708%l

158 92 ABT708-2-51-53-21-22x0OH414-3-63-54

162 92 AB708-2-51-53-24-22 x M708%l

299 92 M708%1 x D708-1-52-55-21-24

311 92 5HD-52 x 8JM67-52-52

318 92 8JM67-52-52 x HuH-22-0

322 92 9%-51-1-2 x YR¥YIS

325 92 2K030-1-21 x 9%-21

364 92 5CyA x HuH-22

535 92 AC2708-2-51-54-22-21

579 92 D708-1-59-51-25-21

92 93 D708-1-51-51-21-21 x M708%!

98 93 D708-1-51-51-22-23xM708%!

172 93 AB708-2-54-52-53-22 x M708%!

298 93 M708% x AB708-2-51-53-21-21

306 93 63-1-62-52-53x  D708-1-56-53-23-22

320 93 2KD20-1-51 x 9%-51

397 93 EE 54D-2-10-55

419 93 YRT1K YR®FS-21

594 93 Essi AB8JM-1-S57-22-51

43 94 eH414-2-53-53-52-51-53 x D708-1-52-53-21-23

315 94 8JM67-52-52 x 2K02M-1-0

316 94 8IM67-52-52 x 2K0O3M-1-0

326 94 YRTIS x HuH-22-22

94 95 D708-1-51-51-21-23 x M708%!

96 95 D708-1-51-51-22-22xM708%!

105 95 D708-1-52-51-22-21 x OH

111 95 D708-1-52-53-21-21 x OH

114 95 D708-1-52-53-21-23 x M708%!
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196 95 OH414-3-63-54 x 67-2-52-55

300 95 M7087] x D708-1-59-53-23-22

365 95 5CyA x 1421-57-2

536 95 AC2708-2-51-54-22-22

537 95 AC2708-2-51-54-23-21

540 95 AC2708-2-54-52-22-22

549 95 D708-1-51-51-22-23

552 95 D708-1-52-51-21-23

570 95 D708-1-59-51-22-21

571 95 D708-1-59-51-22-22

592 9 D708-1-53-23-52

595 95 AB8JM-1-557-22-52

312 96 4HDKW-2-56-52-51-51 x 8IM67-52-52

317 96 8JM67-52-52 x HuH-21-0

367 96 S5CyA x 1421-59

538 96 AC2708-2-51-54-23-22

550 96 D708-1-52-51-21-21

551 96 D708-1-52-51-21-22

567 96 %R D708-1-56-53-54-21

593 96 D708-1-53-23-53

171 97 AB708-2-54-52-53-21 x M708%l

366 97 o5CyA x KW

539 97 AC2708-2-54-52-22-21

97 98 D708-1-51-51-22-21 x OH414-3-63-54

541 99 ol AB708-2-54-52-23-21

553 99 D708-1-52-51-21-24

568 99 D708-1-56-53-54-22

572 99 D708-1-59-51-22-23

573 99 D708-1-59-51-22-24

47 100 D596 MS x HuH-21

48 100 D596 MS x HuH-22

542 100 AB708-2-54-52-23-22

569 100 D708-1-56-53-54-23

574 100 D708-1-59-54-23-21

575 100 D708-1-59-54-23-22

576 100 D708-1-59-54-23-23

585 100 D708-1-59-53-22-21

586 100 D708-1-59-53-22-22
AR ALY A A, w8 WEEe Hole Aless eUER S0 Adsia, Fui$
A2 d7] 98 Z24 ZEO o3tk XEd o]2] F, Fol 52 5] AL A & &
oA oF & D7k AT o} Bapt HE B ¥, TES 24§ 922 $7 A% A
ATk
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@ NVUUE A2 AF A3

£ 35. 20144 30045 (FIEZE 1987141, A% 10203)2) 91808 HEAT A7 (A4 90%01)

BN ASFL Disease Index (DI % = A4 %
3 5 7 9
K4 A% 19 19 100.0
K13 A% 22 22 100.0
K15 A% 14 14 100.0
K23 A% 24 24 100.0
K27 A% 23 23 100.0
K37 A% 24 24 100.0
K53 A% 23 23 100.0
K59 A% 23 23 100.0
K76 A% 23 23 100.0
K79 A% 24 24 100.0
K80 A% 24 24 100.0
K81 A% 25 25 100.0
K82 A% 23 23 100.0
K83 A% 20 20 100.0
K84 A% 25 25 100.0
K85 A% 24 24 100.0
K86 A% 24 24 100.0
K88 A% 25 25 100.0
K89 A% 25 25 100.0
K90 AE 23 23 100.0
K92 A% 25 25 100.0
K93 A% 25 25 100.0
K94 A% 25 25 100.0
K95 A% 21 21 100.0
K101 A% 23 23 100.0
K102 A% 19 19 100.0
K114 A% 25 25 100.0
K120 A% 25 25 100.0
K123 A% 25 25 100.0
K126 A% 23 23 100.0
K128 A% 21 21 100.0
K129 A% 21 21 100.0
K130 A% 25 25 100.0
K131 A% 24 24 100.0
K132 AE 23 23 100.0
K134 A% 23 23 100.0
K135 A% 23 23 100.0
K157 A% 64 64 100.0
K158 A% 23 23 100.0
K159 A% 25 25 100.0
K162 A% 23 23 100.0
K165 A% 64 64 100.0
K166 A% 23 23 100.0
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K168 AS 25 25 100.0
K171 A% 24 24 100.0
K172 As 23 23 100.0
K173 A 22 23 100.0
K175 A 25 25 100.0
K176 A& 21 21 100.0
K180 Al 23 23 100.0
K182 Al 25 25 100.0
K183 A% 21 21 100.0
K184 A 64 64 100.0
K185 Al 24 24 100.0
K187 AE 25 25 100.0
K188 A5 21 21 100.0
K191 A5 23 23 100.0
K192 A5 25 25 100.0
K197 A5 24 24 100.0
K198 A% 25 25 100.0
K199 A 23 23 100.0
K203 A 64 64 100.0
K204 A& 24 24 100.0
K208 A& 24 24 100.0
K209 A5 23 23 100.0
K210 A5 25 25 100.0
K213 A% 21 21 100.0
K216 A5 23 23 100.0
K217 AlE 24 24 100.0
K223 AlE 64 64 100.0
K224 Als 21 21 100.0
K225 Als 25 25 100.0
K228 Als 23 23 100.0
K229 A5 24 24 100.0
K231 A% 25 25 100.0
K233 A 21 21 100.0
K234 AlE 24 24 100.0
K235 AlE 25 25 100.0
K239 A% 21 21 100.0
K240 Als 24 24 100.0
K242 As 64 64 100.0
K243 F1 23 23 100.0
K246 F1 25 25 100.0
K247 F1 24 24 100.0
K250 F1 21 21 100.0
K251 F1 23 23 100.0
K261 F1 64 64 100.0
K268 F1 24 24 100.0
K269 F1 23 23 100.0
K270 F1 21 21 100.0
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K276 F1 25 25 100.0
K278 F1 64 64 100.0
K281 F1 21 21 100.0
K282 F1 23 23 100.0
K284 F1 23 23 100.0
K285 F1 25 25 100.0
K286 F1 25 25 100.0
K287 F1 64 64 100.0
K289 F1 24 24 100.0
K290 F1 21 21 100.0
K292 F1 25 25 100.0
K293 F1 21 21 100.0
K294 F1 23 23 100.0
K297 F1 80 80 100.0
K298 F1 64 64 100.0
K179 F1 1 21 22 99.0
K21 F1 1 21 22 99.0
K122 F1 1 20 21 98.9
K16 F1 1 13 14 98.4
K91 F1 2 23 25 98.2
K154 F1 1 23 24 98.1
K 35 F1 2 21 23 98.1
K156 F1 2 23 25 98.0
K161 F1 2 21 23 98.0
K164 F1 2 23 25 98.0
K190 F1 2 23 25 98.0
K202 F1 2 21 23 98.0
K207 F1 2 21 23 98.0
K211 F1 2 21 23 98.0
K212 F1 2 23 25 98.0
K221 F1 2 21 23 98.0
K227 F1 2 21 23 98.0
K236 F1 2 23 25 98.0
K237 F1 2 21 23 98.0
K249 AlE 2 21 23 98.0
K263 F1 2 23 25 98.0
K277 F1 2 21 23 98.0
K18 F1 1 1 23 25 97.3
K106 F1 1 1 23 25 97.3
K117 F1 3 21 24 97.2
K133 F1 23 24 97.2
K232 F1 22 23 97.0
K160 F1 20 22 96.0
K163 F1 20 22 96.0
K167 F1 20 22 96.0
K186 F1 20 21 96.0
K189 A% 2 20 22 96.0
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K194 AS 2 20 22 96.0
K214 A 2 20 22 96.0
K222 F1 2 20 22 96.0
K230 F1 2 20 22 96.0
K241 F1 1 20 21 96.0
K244 F1 1 20 21 96.0
K248 F1 1 9 10 96.0
K252 F1 1 20 21 96.0
K255 F1 9 10 96.0
K257 F1 1 9 10 96.0
K262 F1 1 20 21 96.0
K274 F1 1 20 21 96.0
K288 A5 1 20 21 96.0

K19 F1 2 20 22 96.0
K150 F1 2 20 22 96.0
K127 F1 1 20 21 95.8

K74 F1 1 9 10 95.6
K140 F1 1 1 22 24 954
K169 F1 1 10 9 95.0
K177 F1 1 9 10 95.0
K181 F1 1 9 10 95.0
K195 F1 1 9 10 95.0
K201 F1 1 9 10 95.0
K205 F1 1 9 10 95.0
K226 F1 1 9 10 95.0

K70 F1 2 22 24 944
K115 F1 2 20 24 944
K258 F1 1 19 22 94.0
K280 F1 1 19 22 94.0
K291 F1 1 19 22 94.0
K118 F1 1 17 22 93.9
K125 A 2 20 22 93.9
K149 F1 1 1 19 21 93.7

K78 F1 1 1 22 24 93.5
K170 F1 1 1 22 24 93.0
K193 F1 1 1 22 24 93.0
K200 F1 2 20 22 93.0
K206 F1 1 1 22 24 93.0
K220 F1 1 1 22 24 93.0
K238 F1 2 20 22 93.0
K283 F1 2 20 22 93.0
K136 F1 2 23 25 92.9
K153 A% 1 2 22 25 92.9

K25 F1 1 1 19 24 92.6

K51 F1 1 1 13 15 92.6
K215 F1 1 1 19 24 92.0
K218 F1 2 1 22 25 92.0
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K272 F1 1 1 3 19 24 92.0
K279 F1 2 1 22 25 92.0
K121 F1 2 1 19 22 91.9
K77 F1 1 2 2 19 24 91.7
K178 F1 1 2 2 19 24 91.0
K196 F1 1 2 2 19 24 91.0
K275 F1 1 2 2 19 24 91.0
K124 F1 1 2 2 16 21 90.5
(3 2015 = HF A A3
AHAEE Al | 2AEE A2 oA THAZIZE WME ATy =d AFSE U
A AL & F AAT (F 36, 37). HAZ Ao @ AFLFSE 7)o #Hol w
2A AAEE Aol dJt. 28U HF F 3FA 5438 UmA= olut, HZF
T 1350 A% 4L Uil 352FeE 248 38E ASE 9F 2 5 99
o . olE AlTs AMESHY Fl2dE A48T dde 38 IPARE AZIEE A=
& "ert ole Aow ArEn
¥ 36. A AT AL gE
No. BN Al Z/F1 12z A} 22} 2 A} 32z A}
1 201 A 9 7 9
2 208 A% 9 7 9
3 209 A% 9 9 9
4 210 A% 5 7 9
5 211 A% 9 7 9
6 213 A& 9 7 9
7 214 A% 9 9 9
8 215 A% 9 9 9
9 219 A5 9 7 9
10 227 A% 9 9 9
11 228 A% 9 9 9
12 229 A& 9 9 9
13 234 A5 9 7 9
14 243 A% 9 7 9
15 244 A% ) 7 9
16 278 A% 5 7 9
17 293 A% 5 5 9
18 294 A ) 7 9
19 295 A ) 7 9
20 305 As ) 7 9
21 313 A% 9 7 9
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22 319 AlE 9 7 9
23 320 AlE 5 7 9
24 322 AlE 9 9 9
25 324 AE 9 9 9
26 332 AE 9 7 9
27 333 A& 9 9 9
28 334 Als 9 9 9
29 339 Als 9 7 9
30 349 AlE 9 9 9
31 394 AlE 9 9 9
32 395 AlE 9 9 9
33 400 As 5 9 9
34 406 Al 5 7 9
35 414 Als 9 9 9
36 437 AlE 9 9 9
37 443 AlE 5 7 9
38 451 AlE 9 9 9
39 479 AE 9 7 9
40 480 A& 5 7 9
41 479 Al s o 7 9
42 480 Al 5 7 9

BN B4 25 EEN RN 324}
233 21 9 3 1
250 22 9 3 1
231 20 9 3 3
247 20 9 5 3
255 20 9 5 3
256 21 9 3 3
308 19 9 5 3
345 20 9 5 3
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347 20 9 3 3
377 16 9 3 3
F 3B AT 27 BAo| Holy 2AE 3 &3t= AlFE2E
BN A F 12}z AL 22k z A} 3k = A
210 20 5 7 9
244 20 5 7 9
278 24 5 7 9
293 17 5 5 9
294 18 5 7 9
295 20 5 7 9
305 24 5 7 9
320 19 5 7 9
398 17 1 5 5
400 20 5 9 9
406 18 5 7 9
443 20 5 7 9
467 23 1 5 5
473 23 1 5 5
282 25 1 5 7
399 20 1 5 7
(4) 20161 HE Al A3
20163 9€¢ 15¥ =3, 3 1Fx< 20159 9€ 22¢ 3 #FZ FF3a, ¥
YA = (Disease Index, DDE 3xbol]l A A =AY, HE3 153219 20161 9€ 30
Dol 1A} A AA], 25721 109 7ol 23 2=AS A8k, JF 5 379 10¢
14l 321 =ALE AASHAH (& 39).
£ 39. 5 ASAE 2 @00NA!: F155 200704, Als 20071 A)
No. 12} ZA} 22} Z A} 32} Z A}
K 201 9 5 3
K 202 9 3 3
K 203 9 7 5
K 204 9 5 3
K 205 9 5 5
K 206 1 1 1
K 207 9 3 3
K 208 5 3 3
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~
N
(=]
©

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

NN |AA|IAN|I AN AR AR |IAN|ANIAN| AN ANIAN|IANAN|IAN| AN AN AN AN RN AN A AR AN AN AR AN
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1. Kim, Namshin, et al. “Identification of candidate domestication regions in the radish
genome based on high-depth resequencing analysis of 17 genotypes.” Theoretical and Applied
Genetics 129.9 (2016): 1797-1814.

Radish (Raphanus sativus L.) is an annual root vegetable crop that also encompasses diverse
wild species. Radish has a long history of domestication, but the origins and selective sweep
of cultivated radishes remain controversial. Here, we present comprehensive whole-genome
resequencing analysis of radish to explore genomic variation between the radish genotypes
and to identify genetic bottlenecks due to domestication in Asian cultivars. High-depth
resequencing and multi-sample genotyping analysis of ten cultivated and seven wild accessions
obtained 4.0 million high-quality homozygous single-nucleotide polymorphisms (SNPs)/insertions
or deletions. Variation analysis revealed that Asian cultivated radish types are closely related
to wild Asian accessions, but are distinct from European/American cultivated radishes,
supporting the notion that Asian cultivars were domesticated from wild Asian genotypes. SNP
comparison between Asian genotypes identified 153 candidate domestication regions (CDRs)
containing 512 genes. Network analysis of the genes in CDRs functioning in plant signaling
pathways and biochemical processes identified group of genes related to root architecture,
cell wall, sugar metabolism, and glucosinolate biosynthesis. Expression profiling of the genes
during root development suggested that domestication-related selective advantages included a
main taproot with few branched lateral roots, reduced cell wall rigidity and favorable taste.
Overall, this study provides evolutionary insights into domestication-related genetic selection in
radish as well as identification of gene candidates with the potential to act as trait-related
markers for background selection of elite lines in molecular breeding.

2. Mei, Shiyong, Touming Liu, and Zhiwei Wang. “Comparative Transcriptome Profile of the
Cytoplasmic Male Sterile and Fertile Floral Buds of Radish (Raphanus sativus L.)."
International journal of molecular sciences 17.1 (2016): 42.

Radish cytoplasmic male sterility (CMS) has been widely used for breeding in Raphanus and
Brassica genera. However, the detailed regulation network of the male sterility remains to be
determined. Our previous work has shown that the abnormalities in a CMS radish appeared
shortly after the tetrad stage when microspores were malformed and the tapetal cells grew
abnormally large. In this work, histological analysis shows that anthers are at the tetrad stage
when the radish buds are about 1.5 mm in length. Furthermore, a high throughput RNA
sequencing technology was employed to characterize the transcriptome of radish buds with
length about 1.5 mm from two CMS lines possessing the CMS-inducing orfl38 gene and
corresponding near-isogenic maintainer lines. A total of 67,140 unigenes were functionally
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annotated. Functional terms for these genes are significantly enriched in 55 Gene Ontology
(GO) groups and 323 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. The
transcriptome detected transcripts for 72 out of a total of 79 protein genes encoded in the
chloroplast genome from radish. In contrast, the radish mitochondrial genome contains 34
protein genes, but only 16 protein transcripts were detected from the transcriptome. The
transcriptome comparison between CMS and near-isogenic maintainer lines revealed 539
differentially expressed genes (DEGs), indicating that the false positive rate for comparative
transcriptome profiling was clearly decreased using two groups of CMS/maintainer lines with
different nuclear background. The level of 127 transcripts was increased and 412 transcripts
were decreased in the CMS lines. No change in levels of transcripts except CMS-inducing
orf138 was identified from the mitochondrial and chloroplast genomes. Some DEGs which would
be associated with the CMS, encoding MYB and bHLH transcription factors, pentatricopeptide
repeat (PPR) proteins, heat shock transcription factors (HSFs) and heat shock proteins (HSPs),
are discussed. The transcriptome dataset and comparative analysis will provide an important
resource for further understanding anther development, the CMS mechanism and to improve
molecular breeding in radish.

3. Wang, Qingbiao, Li Zhang, and Pengjing Zheng. “Genetic diversity and evolutionary
relationship analyses within and among Raphanus species using EST-SSR markers.” Molecular
breeding 35.2 (2015): 62.

We screened 626 pairs of EST-SSR primers from the radish marker database using 37
different cultivars. Of the primer pairs, 89.3 % (559) were polymorphic. The average
polymorphism information content (PIC) value per primer was 0.39, ranging from 0.07 to 0.73.
Fifty EST-SSR markers were designated core markers according to PCR band reproducibility
and stability, high polymorphism levels, easily discriminated alleles, and an even distribution of
molecular markers over each radish chromosome. Genetic diversity and the evolutionary
relationships of 93 radish accessions, representing nearly all typical Raphanus germplasms,
were assessed with 50 core EST-SSR markers. A total of 254 alleles at 52 loci (4.88 alleles
per locus on average), with a mean PIC value of 0.55, were detected. The wild radish had
the largest range of variation, followed by the East Asian big long radish and the European
small radish. Unweighted pair group method with arithmetic mean cluster analysis classified
the 93 germplasms into four groups. The first group included most accessions belonging to R.
sativus, while seven wild Raphanus strains were separated into the remaining groups. In the
R. sativus group, the subspecies var. hortensis Becker, var. raphanistroides Makino, var.
caudatus Hooker and Anderson, var. sativus L., var. niger Kerner, and var. oleiferus Metzg
were sorted into separate subgroups. Population genetics structure analyses show that the
accessions were attributed to three populations: (1) Asia cultivated and East Asian wild, (2)
Europe cultivated, and (3) wild Raphanus species. Herein, we discuss the origin and ancestry
of cultivated radishes based on these results.
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4. Zou, Zhongwei, et al. “QTL analysis using SNP markers developed by next-generation
sequencing for identification of candidate genes controlling 4-methylthio-3-butenyl
glucosinolate contents in roots of radish, Raphanus sativus L.“ PLoS One 8.1 (2013): e53541.

SNP markers for QTL analysis of 4-MTB-GSL contents in radish roots were developed by
determining nucleotide sequences of bulked PCR products using a next-generation sequencer.
DNA fragments were amplified from two radish lines by multiplex PCR with six primer pairs,
and those amplified by 2,880 primer pairs were mixed and sequenced. By assembling sequence
data, 1,953 SNPs in 750 DNA fragments, 437 of which have been previously mapped in a
linkage map, were identified. A linkage map of nine linkage groups was constructed with 188
markers, and five QTLs were detected in two F2 populations, three of them accounting for
more than 50% of the total phenotypic variance being repeatedly detected. In the identified
QTL regions, nine SNP markers were newly produced. By synteny analysis of the QTLs regions
with Arabidopsis thaliana and Brassica rapa genome sequences, three candidate genes were
selected, ie., RsMAM3 for production of aliphatic glucosinolates linked to GSL-QTL-4,
RsIPMDHI1 for leucine biosynthesis showing strong co-expression with glucosinolate biosynthesis
genes linked to GSL-QTL-2, and RsBCAT4 for branched-chain amino acid aminotransferase
linked to GSL-QTL-1. Nucleotide sequences and expression of these genes suggested their
possible function in 4MTB-GSL biosynthesis in radish roots.

5. Nie, Shanshan, et al. “De novo transcriptome analysis in radish (Raphanus sativus L.) and
identification of critical genes involved in bolting and flowering.” BMC genomics 17.1 (2016):
389.

The appropriate timing of bolting and flowering is pivotal for reproductive success in
Brassicaceae crops including radish (Raphanus sativus L.). Although several flowering
regulatory pathways had been described in some plant species, no study on genetic networks
of bolting and flowering regulation was performed in radish. In this study, to generate dataset
of radish unigene sequences for large-scale gene discovery and functional pathway
identification, a cDNA library from mixed radish leaves at different developmental stages was
subjected to highthroughput RNA sequencing (RNA-seq). A total of 54.64 million clean reads
and 111,167 contigs representing 53,642 unigenes were obtained from the radish leaf
transcriptome. Among these, 50,385 unigenes were successfully annotated by BLAST searching
against the public protein databases. Functional classification and annotation indicated that
42,903 and 15,382 unique sequences were assigned to 55 GO terms and 25 COG categories,
respectively. KEGG pathway analysis revealed that 25,973 unigenes were classified into 128
functional pathways, among which 24 candidate genes related to plant circadian rhythm were
identified. Moreover, 142 potential bolting and flowering-related genes involved in various
flowering pathways were identified. In addition, seven critical bolting and flowering-related

- 168 -



genes were isolated and profiled by T-A cloning and RT-qPCR analysis. Finally, a schematic
network model of bolting and flowering regulation and pathways was put forward in radish.
This study is the first report on systematic identification of bolting and flowering-related
genes based on transcriptome sequencing and assembly in radish. These results could provide
a foundation for further investigating bolting and flowering regulatory networks in radish, and
facilitate dissecting molecular genetic

mechanisms underlying bolting and flowering in Brassicaceae vegetable crops.
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13.

Tanaka, Yoshiyuki, et al. “A complete mitochondrial genome sequence of Ogura-type
male-sterile cytoplasm and its comparative analysis with that of normal cytoplasm in
radish (Raphanus sativus L.).“ BMC genomics 13.1 (2012): 352.

Jeong, Young-Min, et al. “De novo assembly and characterization of the complete
chloroplast genome of radish (Raphanus sativus L.).“ Gene 551.1 (2014): 39-48.

Jeong, Young-Min, et al. “Comparative analysis of the radish genome based on a
conserved ortholog set (COS) of Brassica.” Theoretical and Applied Genetics 127.9 (2014):
1975-1989.

Kitashiba, Hiroyasu, et al. “Draft sequences of the radish (Raphanus sativus L.) genome.”
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