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OEE_VE,H

A% % PE AT 4F Ug 2 A%
AAEAA : AFFEFE FoldAE vhA T D APY HRF SEY AD
1 AP HE Wol A4 & v AR
7k Absh SSR mhA ol & th@A 7L
() A7} BRI BaE /& FHL o) BAH SR 11AE o] &% FABA B4
hH AF uy

O XEANZ : A DF 2F(Malus asiatica, Malus sargenti) 2 Ho)|EFE X33 1871

F%( ‘Mcintosh wijcik’ ,  ‘Royal gala’,  ‘Sekaiichi’ , ‘7%,
‘Golden Delicious’ , ‘KIKU 8 %%, ‘uyge 3z, ‘o3,
‘g, fRyEz, ‘JWE, ‘YY) ZE ) AT, O'F
XFT, T, FE, FTXT)E o &F

@ 2HL B3 AT ZE Bl o]fd npy A3}

® PCR 3 F opf22A 719%, HBe] d79s F39

@ FABA B4 Power marker 3.0 AXZE o] E o] 83}

) 48 23
@© 257§ SSR wiAE ®=Aslow, A FFol AEst tdFAd SSR ovwiA 87
(CH01d08, CH01d09, CHO1f07a, CH02b10, CH03d12, CH03g07, CH04e03, CHO05c06)<

gl gk
FABA B4 A3 9F 24S out-groupl 2 AR uf F 4 1FoE FEIH(
D).

@ A11F2 ‘Mcntosh’ ¢ ‘Gala’ 2 FAHANLH, A22FLS T2 & Ug
B %7, ‘KIKU 8 Fuji’, ‘¥dE2x’ & ‘A’ o #HolAe} ‘31&" o= T4
3=

@ A3LES F MY EFow FAHYYew, “Spur Early blaze’ 2+  “Spur
golden delicious’ ¢ wHiz=HR! ‘T2, ‘%’ Iy ‘T2’ o WHolXQ ‘A
3’ o] TFHAN, ‘FF F} A ‘T & WO E AREStY dE EFF
¢ E, 9%, 2UEE’ Fo] TFHIUS

® A41EFS “&<QF, ‘Sekaiichi® ‘&4’ ‘Golden delicious’ & T4 %A

® H+ PIC(polymorph1sm information content) #te] 0.8¢]1ow, B hHFHAA =
11.871 4=
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pure ak -
= o o ~ X1 =]

-
by

a9 1 10788 SSR wiAE ol &7 At 2F9 dFH 18 FFo VA= 1. Malus
7

asiatica, 2. M. sargentii, 3. Mcintosh, 4. Gala, 5. &%} 6. &, 7. 4, 8. %X, 9.4}
e} &%], 10. 3%, 11. Spur Early blaze, 12. «§%& 13. 14. KIKU8 Fuji, 7%, 15.
Spur golden delicious, 16, Sekaiichi, 17. Golden Delicious. 18. &<, 19. ¥d*, 20. &

<.

L =28 eF Mol DNA profile 75
b 2 TH
O A=Az ARATLd AE JeFF 280 T2, T2, UEEFEST 2H0MY,
M.26)ell o] &3
@ DNeasy Plant Mini Kit(Qiagen)< ©] &3} genomic DNAE F&3%.
@ A fr#f SSRukA 567HE ©]-&3te] PCR 3l 3HE D).
@ otz A7idEs 2 A ArFES I
® DNA WolfA& 93 PCR FHAFE HA3) s17] A 2714 vpAE 13 +3
3t7] 93k multiplex PCRo] 7}%?‘1 }71 23S =3}
® M9, M2.6 =& =8 7} doll disll (D 71 <=3 157F, 2 193 A5 F
8 AA 499 genomic DNAS —Zr%?}
@ AZF3 A8 thste] PCR 33
PCRAMEO] o7tz 2 A7|FF 2 B8y A7F9s 2345 Hud
# 1. 23 Hold A DNA profile 750l o] &% Al f SSR vpAHe] AR,
. Tm  Apple
No. SSR Primer sequence Reference
() 1G
| cHos CICOOCCOCTATAMCACTTC 0™ ) |y o ol 2002
2 CHOIf12 CTC CTC CAA GCT TCA ACC AC 60 10 Liebhard et al. (2002)

GCA AAA ACC ACA GGC ATA AC




GAA AGA CTT GCA GTG GGA GC

3 CHO01h01 GGA GTIG GGT TTG AGA AGG TT 60 17 Liebhard et al. (2002)
¢ criooapa OMACRGOCOCCATTATITO (™) o o
5 Criozaos CACGAGCTG MG CAG CAGAG o™ o 10 g 0 . oo
o cromty CPACCAMTCATCMAAGATICARS o 5 | iopnarg et ol (2002
7 crozprz 05 AGG CTT TAC GAT TAT GC 0 510 Licbhard et al 2002
s Cozcozs CLLCAA OTTCAG AT CAA GACAR 5 5 | et ol (2002
o Cozcop LOACGAMT CCACTACTARTG CR 1™ 5 g [icupard et o, Co02
10 CHO02c09 Zéﬁ };gg /ZCGCC /Xéi ng AG(% AA?S cIc 62 15 Liebhard et al. (2002)
11 CHO02d08 (T}%i 12}/21(%: iTCC; CC}/(ig ;Eég g%g ggT CTC 62 11 Liebhard et al. (2002)
12 Croaan1 AGC GIC CAG AGC MCAGC 2 15 Licbhard et al. 2002
13 CHO02e02 gé% Ig}% i%g C(.}CC A/ngGCA ACGTg T 616 60 13 Liebhard et al. (2002)
1 croos SCTCTTAGACCTO CATATG 00" ) g o . oo
s copgor QAT OACOTCOOCAGG TR AG )™ 13 g o0 a1 oo
1 cromoy TGTOCACGTICTOT OTI60 0 11 | et ol (2002
7 oo TACTATITACG GCATCAACCA 0 1 |y ol 2002
18 CHO03d10 g}l:((:} i%}; :FAAA% (EAAG/?A %ATAG CAA,IS:C CééGAG 62 2 Liebhard et al. (2002)
1 crosny OCCAGMO G TM GTAMC 0™ s o 1 a0
2 cogos ACCCACAG CTTCTGTITIIC ™ ™ e o
21 cogor MIMCCTTCAMECATICG 1 3 i or o oo
22 CHO3h06 Fgf; 1%% 83;2 E&& AGC& TGC(:S ATE;(A: ¢ 60 15 Liebhard et al. (2002)
25 Crioacos CCL OCT CCT GCT TCT AGG TT 5 10,17 Liebhard et . (002
2 crioaapy COT ACO CTG CIT CIT TG T 0 12 Libhard ct ol 2002
25 Criotens L0 AAC ATG TTT GGC TGT GC 0 5 Lieohard et ol 2002
26 CHO4f03 ggé igg ggé ("}F%i E}CG%F éﬁ% (;(C} 60 10 Liebhard et al. (2002)
21 cHosay QT OCAAGA GTTGCA T TAG € )4 o ki et ol 002
28  CHO05a04 GAA GCG AAT TTT GCA CGA AT 62 16 Liebhard et al. (2002)

GCT TTT GTT TCA TTG AAT CCC C




TGT ATC AGT GGT TTG CAT GAA C

29  CHO05a05 GCA ACT CCC AAC TCT TCT TTC T 60 6 Liebhard et al. (2002)
0 croscoe ALLGGAACT CIC COTATTGIG C 1™ 0™ Lo . oo
51 coseor TGATGCATTAGG GETTCTACTT (™ o | oo
22 crosy IACCIGAMAGAGGAA GOCCT 0 1 eyt a0
5 crosaos ACTTCTGAG COGTOA GAG GT ) 1 |yt 0o
s Croseos CCAAIATITTCACICTGACTIO GG 0 |y o ot ca0o
5 Crioogos ATG CCTATTTOC CATTCTT6C (™ 7 e oo
3 wsozaon CIC CTA CAT TGA CAT TGC AT 55 10 Lihard et l. 2002
37 MS06g03 (C}(C}g éfg gch /;FTG : TT(?TC é:(:GTA AG 62 10 Liebhard et al. (2002)
s cnvn AICACCACCAGCAGCMAG — 0 | e el a0
39 CH-Vf2 $$$ gig E:%: E(G}(A} igAC i?é /C;(C} 60 --  Montanari et al. (2016)
0 naom1 QS TCATGACARAGTGCATOR o™ 10 Curores e al (1990
i nangs CCCCCATCOMTTATCTIACICTT o™\ (e o oom
42 NZ28f4 ggi EE}CA %CG%T&;F AAg:TGfTTGAC 55 12 Guilfored et al. (1997)
43 GD 96 gég gg(G; éCA,? CGTC/f TAgGC %?g gAG A 55 17 Hokanson et al. (1998)
o SOSTSCT GG T AT GC COMA 5 17 s cansram
js UEVBESTON CIC AT GOT TIC AGA € 2 13 HDRAS consortiom
46 AU2255§>48—S éig é%i [é(ég i%[}r (C}i(T} égrf 1(5? 58 10 HiDRAS consortium
47 Hi02c07 é%A: "1(“3,5: égg SCGCG CAC;F AC fﬁé ﬁgA GG 60 1 HiDRAS consortium
48  Hil2c02 g%“: ?gf ggf /;F(;F/S gé,? ((;}ég /ICC: AAG 60 1 HiDRAS consortium
49  Hi08e04 g%’: "lTSCG gCGTG CC,I%F ;g,? gﬁﬁ é}CC AAC 60 4 HIiDRAS consortium
50  S0506078 é"?é éﬁg Egg gi(c} g/é{} Sé% 55 15 Liu Y et al. (2017)
5 anscry 100 OATIT ORI AGLGAG AOK & 50 % &ty consormum
2 oz GGAATGAGE GAG MG GMGTG ™ i oo
55 osws TCATCOATCATT TG GCTAA 00 3 fioeis consortum
54  Hi04bl2 CCC AAA CTC CCA ACA ARG C 60 8 HIDRAS consortium

GTT TGA GCA GAG GTT GCT GTT GC




09

ATC TCT AAG GGC AGG CAG AC

Hi02a09

CTG ACT CTT TGG GAA GGG C

11 HiDRAS consortium

96

Hi01d01

CTG AAA TGG AAG GCT TGG AG

GTT TAC CAA TTA GGA CTT AAA GCT G

9 HiDRAS consortium

% 2. A &8 SSR mAE o] L3k ‘3z’

CORE L

@ SSR wHAE o] &7 He 28 FA”

profileS =

‘EFEC), di= 2809, M.26)e thE DNA

, CFE’, M9, M26°] g PCR SF4k=9] =7].

Genotype (bp)

No. SSR ) 3= M.9 M.26
1 CHO1d08 952 | 267 267 | 274 259 248 | 263
2 CHOIf12 158 / 166 155 / 166 147 -
3 CHOINO1 124 / 132 120 / 129 126 / 134 120
1 CH02a04 106 / 114 98 / 108 69 / 91 -
5 CHO2a08 146 / 137 147 | 159 149 / 163 136 / 150
6 CHO2b10 133 / 146 123 / 134 133 / 146 123
7 CHO2b12 - - 133 / 146 —
8 CHO2c02a 143 138 / 148 139 / 152 -
9 CHO2c06 249 233 [ 240 253 -
10 CHO02c09 242 | 254 264 [ 292 255 249
1 CHO02d08 216 231 [ 237 223 | 234 220 1 230
12 CHO2d11 136 / 145 123 / 131 139 138
13 CHO2€02 126 / 133 126 / 137 125 / 132 128 / 135
14 CH02£06 - - 150 140
15 CHO02201 222 | 230 226 | 233 215 / 235 211 / 231
16 CHO03202 . 126 138 / 142 -
17 CHO03c02 132 132 / 139 130 130
18 CHO3d10 171 / 181 168 / 182 172 / 181 166 / 171
19 CHO3d12 120 / 128 121 / 128 102 / 116 -
20 CHO3206 168 / 173 141 / 172 152 / 166 143
21 CHO03g07 120 / 127 127 / 137 118 / 125 —
22 CHO3h06 168 / 174 149 / 169 155 / 165 158 / 168
23 CHO4c06 180 / 187 181 / 187 185 169 / 182
24 CHO4d02 118 / 125 117 121 / 132 -
25 CHO4e03 199 / 217 203 / 208 189 / 207 191 / 207
2% CHO4f03 194 / 199 191 186 / 192 182 / 195
27 CHO05202 133 / 137 132 / 136 133 132
28 CHO5a04 192 / 198 154 / 180 169 / 178 -
29 CHO5a05 220 | 232 218 / 221 198 201
30 CHO5c06 103 / 133 105 / 114 121 -
31 CHO507 116 / 136 130 / 150 139 / 148 124 / 138
32 CHO05d03 179 163 / 172 186 170 / 182
33 CHO5d04 163 / 194 162 / 194 198 191 / 208
34 CHO5¢03 164 165 162 / 173 -
35 CHO5205 142 111 / 142 110 -
36 MS02a01 — 176 / 185 186 177 1 190
37 MS06203 180 / 191 156 / 167 166 / 188 173 / 186
33 CH-Vf1 169 / 175 145 143 / 166 -
39 CH-VF2 - — 77 1 84 -




40 NZ02bl 222 | 242 217 237 218 | 232
41 NZ05g8 — 119 / 127 122 120
42 NZ28f4 115 / 435 98 / 103 114 —

43 GD 96 177 | 184 178 | 184 172 —

44 AJ001681-SSR 173 188 / 197 184 / 193 189 / 199
45 AU223486-SSR 212 | 409 221 | 416 183

46 AU223548-SSR 261 / 276 165 / 274 274 | 280 269 | 277
47 Hi02c07 109 / 119 113 / 147 111 / 120 111 / 122
48 Hil2c02 162 181 163 170 / 179
49 Hi08e04 163 / 384 185 / 447 214 —

50 50506078 142 / 330 143 / 330 — —

51 Hi04c10 — — 178 —

92 Hi07d12 — — 240 —

93 Hi03d06 119 / 133 — 113 —

o4 Hi04b12 — — 140 / 156 —

99 Hi02a09 205 [ 227 197 | 228 143 / 155 —

o6 Hi01d01 — 194 | 223 191 / 211 192 / 209

@ NH+s 157 &, 192 HSF8 A4S AA HolHAL
3t7] 91814 multiplex PCRo] 7}5@ nlA S 23S ety HE7t54S HES
G (19 2).

e E P E P Y EY Y P Ry Py ey ¢ T e e e e ey e ey

Ho|HE Ho|HE
Well Otc} 107§ #| pooling Well Otk 107§ 4| pooling

CHO02d08_CHO04c06 : CH02d08_CHO04c06

a3 2. M.26 =AMl & E multiplex PCRE o] &3 U3t 15+ &, 193 AS5TE S

B Al e Hold At

@ M.260 thakel CHO2d08+CHO4c065 2-8-3t1, M.9ol thaked CHO2b10+CHO2c06E ©] &
shol Wol A4S 9I% PCRE FAATHA ¥ &3} =8 WAL F AL,

@ WolAHL 95 SSRukAE A 4ATHE multiplex PR 918 SSRub) 28 Bl
2a4ol Y& Ao Werg,

. fH 9AE WolFAe FF FAANLY TF
Al &

=
AEANSE: HEEFS 25 24M9, M.26), M9, M26=A 8 ti&E8 2t 1004 °o]&
i

@ AEE A7e a3 Ze. D 7Y <3 157%F, Q) 194a A% T8 AIA

@ DNeasy Plant Mini Kit(Qiagen)& ©] &3} genomic DNAE FZ3tal, AFf-3] SSRu}
71 5670 & ©]-&3l PCR 33t

@ obtE2 A79Es B A HArEEd



® WF7 2HNFE A719F

ih)

7 )

El
Ll
of

gk Wol A3t
ol 2 Al EF Eo)x CAPSHEZ A48 9 genotyping HlolE F+&
b A3 4y
O A} AF4NA By A F4
£ o] &3} genomic DNAS —ir%@.
@ AFEA ApeK1S o] &3] GBS library 7+3(19 3).

4. Pool DNAs & Clean up 6. Clean up PCR
. u

1. Plate DNA &
adapter pair f-\
oy P

PCR
Primers
1&2

5. Perform
PCR

7. Evaluate
fragment sizes

2. Digest DNA with ApeKI
3. Ligate adapters

a9 3. AldEAE ApKIS ©] &3k GBS library T

@ Mlumina Hiseq 2000 AFg-3l< paired-endZ sequencing® A71A4<€ AHRXRE Barcode
AqdE o] &3 sequence demultiplexing ¥4 3ol sequence qualityel]l whE trimming
IA g

@ Clean reads& reference genomei}2] alignment& <33} consensus sequence 24
gt

® Z233& o]l raw SNPE detection$t.

© SEEDERS in-house scriptg ©o]&-3te] A1&7te] SNP matrix 2Hd &

@ g SNP &1 A& 913 filtering 4 4343t

o3 A 1 SNPo|A PICZke] &2 SNP 507HE CAPS nfA =R HEstr] 93 #3sh
xZeglolw H AFgEA ZFS AEg

@ 327} =FW $A EZ9 genomic DNAS DNeasy Plant Mini Kit(Qiagen)& o] &3}o] 3
=3

1 PCR <3, PCR 4t=9 AFEALE A3

O o712 2 A71¥s 2 ABHY HArdss T

@ Genotyping H|°|EE T3

® At == FEES Y3 H A& vAA 32l MinimalMarker o] 83}

¥ 3. GBS 3ol o]&3F At} [ A list.

No. Cultivar No. Cultivar No. Cultivar No. Cultivar
1 5.2 25 35 49 Mcintosh 2 73 535
235 26 Sekaiichi 50 wo]E 74 T




3 ydg A 27 Early blaze 51 =5 75 24

4 2T 52 28 Spur Early blaze 52 Aori No2 76 R

5 @& 29 Golden delicious 53 zYy== 77 27E=

6 87} 30 Spur golden delicious 54 Zd -2 78  Granny smith
7 u| Qku} 31 Empress spur golden delicious 55 ZZ 79 Ingrid Marire
8 olol7l7loE] 32 Early Jonagold 56 g 80 Lady Williams
9 Highland Fuji 33 M. mandshurica 2330 57 Red Field 81 Moira

10 Maira Red 34 TH = 58 Frey berg 82 Pilot

11  Jubilee Fuji 35 Cox orange pippin 59 AW2S 83 Prima

12 KIKUS8 Fuji 36 A= 60 ©°Fee9%T 84 Starking
13 g 2 37 = 61 A& 85  Charles Ross
14  oft7}$# 38 i 62 M. asiatica 86 Charlotte
15 =7 39 Classic Red Delicious 63 = 87 B 714

16 kg 40 Mecintosh wijcik 64 Galaxy Gala 88 Columbia
17 Ald=d= 41 M. sargentii Rosea 65 Gala 89 Pinova

18 AUE2=9E 42 M prunfolia Macrocarpa 66  ©F2]5F 90 Michaelmas Red
19 A 43 Modial Gala 67 FF 91 Alpinist

20 o 44 Royal Gala 68 3|HW7tH] 92 Aroma

21 <tk 45 o] <& 69 Scilate 93 Lodi

22 3% 46 zz4 70 ¥ 94 Fantazia
23 A} 47 ARAL 71 T 95 Kent

24 2= 48 ok 72 T

Oh A9 23

O GBSEA Az} 95719 FZFA HF 5,952,000701¢] trimmed read7} HAAEJoH 3

¥ mapped reads= 3,970,000/l 2 <F 66.65% % .
@ Mapped regione 3+ 78,407°]™, mapped region2]

Position [ e apple genome.

mapped regions

o)

Position (mk) on the apple genom

B depthe= 22X 2.

a9 5. A A el A 12,01470 SNP2

a3 4. ‘&R mapped readse]
SAAE E= e
@ At# E£%E b union SNP matrix® A sle] B 52,379712] SNPES #2133 o
1 % B 31,45870 2] homozygous SNP, H+ 10,65071 2] heterozygous SNPE &A1



shei2.

@ 1670 =) 4 A FF FEE CAPS vl E 71238t DNA profile 753HE4.

34 W S A FF RS A% CAPS mhrle] HH,

Restriction ~ ragment size

Marker Primer sequence (57 -3’ Tm (C after digestion
qu ( ) () enzyme (bfc)g)

F: GGA TGC TTT CAC TAC CTC ACG

AEQ02 60 ECcoR] 198/267
R: CGC AAG AAG GTG ACA GAT AGC
F: GCC TGC TGC ACC TAC GTT TA

AE04 58 EcoRV 224/274
R: TGG GAG CAT TTG AAT GAT GA
F: TTA AAG TGA CGA GGG GCA AG

AEQ05 58 EcoR] 231/293
R: TGG TTC CAG AAC TAG GAG GAA
F: GAA GAT TCT TGC ACC CGA AA

AE06 60 ECcoRI 197/266
R: CAA AAC GCA CAT CAC CTC AC
F: CCT GAG CTG CCA AGG AAT AG

AEQ7 58 EcoR1 223/283
R: TCA CAA GAT CGC AAG ATT GG
F: TGG TCA AAG TGA GGA GTC ACA

AEQ08 60.6 EcoR1 201/275
R: TTG AAA CTG TTG GGG GTT TC
F: TGA TAG CCT GGT TTC TAT TTG TG

AE09 60.6 EcoRV 205/274
R: TGG TTG GGC AAT AGA TTA GGA
F: AAA AAG TGG GCT CGG AGC TA

AE10 60.6 ECcoRV 196/284
R: TTA GGC TTC CGA AAC TTC ATTA
F: ATA GTT GCG AGA AGG CGA AG

AE11 60.6 ECcoR1 232/303
R: ACG GCG AAT CTA ACA ACT GC
F: CCT TCC GGC ACA AGA AGT TA ]

AH12 60.6 Hirdlll 239/289
R: ACT GCA AGG CTG GTG AGA TT
F: GTA CGT GCA TGC AGT GTT CA )

AH14 58 Hirdlll 197/304
R: GCA GAC TCT CTG TGA TTG AGC
F: ACG TGG GCT GTC TGA GAA AT

AN15 58 Ndd 221/286
R: CGA TGT TGG AAC CAA TTT GA
F: GTT CTT CTC CTC TGC GTT CG

AN16 60.6 Nad 238/295
R: CAA ACA CTT TTC CGG TGC TT
F: GCA GCT CCG CAA TAT CCT AC

AP17 60.6 Pyl 205/301
R: TGT CGA TTT GTC ATG CAA TTT T
F: TGC TGC TAC ATT GGC ATT TC

AP18 62 Pvull 201/290
R: TCC AAT GGG TCA CCA AAT CT
F: CAG AGC CAA GCA GTT TTT GA

AX20 60.6 Xbd 217/295
R: TGG ATC TTT TCG TGG AGA GG

® 1670 CAPS m}AE o] &3 F8 A FF 3239 genotyping HIelHE F&3t31 (&
5, ¥ AHE 535 FT(F=H510-1905458-0000).



% 5. SNP-dCAPS WA & o] &3 328 =W F8 At §4 FFol g+ genotyping data.

No. Cultivar CAPS marker
AEQ2 AE04 AE05 AE06 AEQ7 AE08 AE09 AE10 AE11 AH12 AH14 AN15 AN16 AP17 AH18 AX20
1 ofo] 7t =7} 2 g ab bb ab aa ab aa ab aa ab ab ab ab ab ab ab ab
2 % ab aa bb ab aa bb ab ab bb ab ab aa bb bb ab ab
3 Cox’ s Orange Pippin ab ab bb aa aa bb aa ab aa Dbb bb bb bb bb bb bb
4 Earliblaze ab ab Dbb aa @aa aa aa ab Db Dbb ab aa ab bb bb bb
5 2] ab ab ab ab aa ab ab ab ab ab ab ab ab ab ab ab
6 7% ab aa ab aa aa ab aa bb ab ab ab aa ab Dbb bb Db
7 Golden Delicious ab bb Dbb aa ab bb aa ab Db Dbb aa aa bb bb bb bb
8 Tu 2 ab ab bb aa ab ab aa bb Dbb bb ab aa bb bb bb bb
9 3] W 7}Hu] ab ab bb aa aa aa ab ab ab bb ab ab bb ab bb bb
10 &<t ab ab bb aa aa ab aa bb ab bb ab aa ab ab bb bb
11 = ab ab ab aa aa bb aa bb bb bb bb ab Dbb ab bb Dbb
12 T2 ab ab Dbb aa ab ab aa bb bb bb ab aa Dbb Dbb bb Dbb
13 s ab bb bb ab aa ab bb ab Dbb ab ab aa ab aa ab ab
14 A& ab ab Dbb aa ab ab aa bb bb Dbb ab aa Dbb Dbb bb bb
15 zYUEE ab ab Dbb aa ab ab ab ab Dbb ab ab ab Dbb ab bb Dbb
16 5 ab ab Dbb aa ab aa ab ab Dbb ab ab ab Dbb ab ab ab
17 Kougetsu ab bb bb aa aa ab ab ab bb bb ab aa bb ab ab ab
18 qHE ab ab ab ab aa aa aa aa ab ab ab aa bb ab ab ab
19 o] & ab aa ab aa aa ab ab bb Dbb ab ab aa bb bb ab ab
20 ARAY ab aa bb ab ab ab ab bb Dbb bb ab aa bb bb ab ab
21 A% ab ab Dbb aa ab ab aa bb bb ab bb ab Dbb ab bb Dbb
22 A= E ab ab bb aa ab ab ab bbb ab ab ab bb ab ab bb bb
23 225 ab bb Dbb aa @aa aa aa bb Db Dbb ab ab bb ab ab ab
24 AW3s aa bb bb aa aa ab aa bb Dbb ab ab ab Dbb bb ab ab
25 Spur Earliblaze ab ab bb aa aa aa aa ab bb bb ab aa ab bb bb bb
26 Spur Golden Delicious ab bb bb aa ab bb aa ab bb bb aa aa bb bb bb bb
27 A =g ab bb bb aa bb bb aa bb bb bb ab aa bb bb bb bb
28 R EA ab bb bb aa ab ab aa bbb bb ab aa aa bb bb bb bb
29 LA ab bb Dbb aa Db ab aa ab Db ab ab ab bb ab Dbb bb
30 oFT}7}5 ] ab ab ab ab aa ab ab ab ab ab ab ab ab ab ab ab
31 4% ab aa Dbb ab ab aa ab bb bb ab bb aa ab ab ab ab
32 Yoko ab ab Dbb aa Db ab aa ab bb ab ab ab Dbb ab bb bb
@ 1670 CAPS mt# FollA FaAd FF 323& T8 A3 H4 v 87HAE
==%
Agdarel 77 445 BEES 93 =83 v go] APHERE 33717 AR
2THE o] &3t FEo] 7FEd Setl, Set3g ol &3t A AXLE



Set 1: AE(04, AE07, AE08, AE09, AE10, AE1l, AHI12, AHI4, AP18
Set 2: AE04, AE07, AEO8, AE09, AE10, AE11l, AH12, ANI15, AP18
Set 3: AE04, AE07, AEO8, AE09, AE10, AE1l, AHI12, AP17, AP18
Set 4: AE04, AEQ07, AE08, AE09, AE10, AE1l, AHI12, AP18, AX20
Set 5: AE04, AE07, AEO8, AE09, AE10, AHI12, ANI15, AN16, AP18
Set 6: AE04, AE07, AE08, AE09, AE10, AHI1Z, AN15, AP13, AX20
Set 7: AE04, AE07, AE08, AE09, AE10, AHI12, ANI16, AP17, AP18
Set 8: AE(04, AE07, AE08, AE09, AE10, AHI1Z, AN16, AP13, AX20

2. FRZAANAEE o] &3 MAFFASEY ML
7} ZA sl £/ AT ARGEH O EMIM.26) AE 23 LE FR/R/EH HA
(D AT ERS HAstd X E F/F &<l
b Ad Wi
O AFAE 2SS =sHEd AT O EM9)
@ A& TELA H +3 hxH A7]

:rL

i
>
| o
O
&,

b
m

$ 10cm X 15cm $17cm X 20cm $27cm X 35cm 2764
(=121 (=4.5D) (=20L) 10cm X 20cm
TE E F G
H =Z7](cm) 5 10 15
@ ok zA(mgliter) : N 112, P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn
0.05, Cu 0.02, Mo 0.01, Na 0.004
@ BE  dASHE, JERA FIFAIE, HIo|EE 77 FY vH&Z 24T
B) okl = 11]/\] CaJJr P& HYA HAFH B&sF oz JAA B2 B T35t 5 23
= 70ﬂ A Bl
® =AM E —’F A, 7184 40cm A7

h 2% B

O 2E7 A e 1.2L(A)—E YEBF] FAH, +F B Fa AF S0H
g &3, 4

s e U% ol % % XE £Z0=ZRA% vt v, Byl 7RIS Ae=E
(28 7.
@ A E WA 224 A2 L=t ASAHHL S 1EHET u, HA XTELZ 45071 A



g Aow £&F
@ Sem B A AR A GFe wkom, Wem oY 2719 dEEE 27
g4 Z YEgo] egHo YL, wekA, H4 10cm o3 2719 BE HAstEe Aol
Aee Aoz Azt
h =
T S R

E

'<|> 2 - T —_ —

(em)
B0
1
7| 2 & 40em & F(cm)
8

120
1
Sl Ko

’é ¥
S .
. T O I T .
= T R !
§ = - - £ .| ;l Nl .
AR T i - i BE ;
| ’ o 0 o] . |
2 | - °
s A S F o §
A B C D A B C D
738 7. M9 HERe AAA 718 a1, 71522 A 2]

U HES AAF AAREES Auslr] Y3 AR oA u g 9@ TELA AA
(D) AFEHHEG( ‘32’ MY ZTE A= 93 gz 2D A An| = 3o
b 249 ¥4H
O A¥gA= . “FA’ /MI
@ AYHE : DA FF

PAPSANIES
4212 N N N »

(mgliter ™)

@ 7]ekmgliter™) : P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn 0.05, Cu
0.02, Mo 0.01, Na 0.004



BEE A4 E, MERL, IIE, HO|EE 44 Td HEE =4
ESZ ¢ §36cmx46cm(=46.811)
HzA A Cast P& AL FHHo 283HER FAA, BE LTS F 2

S) @@@

x
oo]:
3] F 703] AlH]
=

AT G, Az, 15em o) ZA%, FEAZ, SPAD, FA Fga BA

O et GFALE ARE FH HF F - BolAG 93 8

@ #aE BE AN felHel FFolst Qgom, 15em o4 FA5 T &
Aaueel Fulests Ae FUAFRS AmMe] F2ANHAS EA57E 13
2 $FRe| 722 BEax 2oL,

® 1, A2, 1em o4 EA F, (FHF, SPADZL FAW BEIFAL FF W
35 RS o, FFFLA N 112, P 31, K 39, S 484, Mg 36.0, Fe 3.0, B

Zn 0.05, Cu 0.02, Mo 0.01, Na 0.0042 =" FAqS 575 703 A

0.5,
b $FE Aol AR HoE AR YL FF 4P FHHOE A5y

a9 8 A A7 M9 HEHe] A52dt

@ AFEHHERCFA ML) TEANE AT 1Y rE &4 B9
b AE

O AFDAR: FA MY

@ A& TELH

T& A B C D E
$ 10cm % $17cm x $ 27cm X
$ 36cm X $ 66cm X
|5 15cm 20cm 35cm e cm
46cm (=468L) 50cm (=171L)
(=1.21) (=4.50) (=20L)

@ FA =A@mgliter™) : N 112, P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn
0.05, Cu 0.02, Mo 0.01, Na 0.004

@ FEE YABFE, VERL, AIAVNE, olES 44 T v =

© FA=AA Cadt P AL FAHo B8&3tHER JIYA BE T8t F 2
3] Z 703] AHE

© =AGE 23, A2, lsem o HAF, BT
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op A% 34
O AgA=s: ‘&2 M9
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@ k¥ z=A(mgliter) : N 112, P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn
0.05, Cu 0.02, Mo 0.01, Na 0.004
@ XEZZA . §27cm x 35cm (=20L)
© FAxAA Cadt P& AYAN Ao ELIHERE FHA BE EEFAstA F
23] ZF 703] Alv)gh
® ZAMSE - a1, AlxA 15am o) A4, A
b A3 A3
O 37 AAE ATt e AgTodA FAF gllen, e Age HFAA 0l
TZFEe 7|E1.2cm< WESET] "o A8 FEMCER 1WA HEH
Aufo] FES Aoz Itk FH(1H 10)
4 b
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T A B C D
E

o
(o] A E M Ew sz 3w 2 H o] ) 1:1:1:1 1:0:2:1 2:0:1:1 1:0:0:0
@ ok z=A(mgliter) : N 112, P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn
0.05, Cu 0.02, Mo 0.01, Na 0.004
@ XELZ . é17cm X 20cm (=4.50L)
© FAzAA Cadt P& 419 HAH EL3IHERE YA, BE EeFA4Hst F 2
8] % 703 Anlgh
© ZAGE : £3, SPAD, 71 FAH, J1RAT 40cm A7

b A3 23
O Fa1, 715 A4, 71849 40cm &7, SPADOA A3 2o 7F ¢l A
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@ ok z=A(mgliter) : N 112, P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn
0.05, Cu 0.02, Mo 0.01, Na 0.004

@ HE o EHE

® ZTEZA : §27cm x 35cm (=20L)

® FHzAA Cadt P& LA FAEA EL&3HEE YA B2 EEFAsIA F 2
3] F 703 Alw|gt

@ Z2AE: a1, A4l 8, 15cm ol SA g, HFAA

h Ay 23

O a1, 77 AR ZE A FolA Fart S1EA (2™ 12).

@ dE=TA FA3Fo] zg AT Hla| 15cm EX| 59 SAdo] FFo] B Yy
AL A3 ol& Tl A AH7] T 24 AuA ZFE HaseleE Aol
B F8A#R 15cm ol SA] ¢ x| A Ao And.
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JRp—— o .

. o £ =
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o | N T
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g8 1 " _a

jol 2 | fIr e

= ; <0

N . b D e

K= 3 &

KIr | 1A

o

@ ABARG DA FEoh ZARG GHEMD S PAE FFE G
b A4d "y
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_l |



T& A B C D

FE =R =R 90% 2} 90% 2} %
A AH T 8mM 16mM 8mM 16mM
@ 7]eHmgliter) : P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn 0.05, Cu
0.02, Mo 0.01, Na 0.004

@D FE : A 8HE

® XTEZZA . $17cm x 20cm (=4.50)

® FH=AA Cadt P2 ALA JAAEH E3HER YA, B EeF4sto F 2
3] ZF 703 AWk

@ z=AEE a1, SPAD, 71527, 7154w 40cm A7

(b 2% 2z
DO AaAN R mE AR Aol FIHA gkorh, A HelTel wa TR
A 40em E7) HAL BAG AL
FOlEQYE. mebd FFAYTE =

3 e g Awdd (29 13).
@ A dEFe] E71474< IemE U=er] Hside 24 W AA 3 A Has

st 8mM o) s AaAMTE AFE Aow =&3
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& A
FANUZAF 723

4.5L

okl zA(mgliter) : N 112, P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn
0.05, Cu 0.02, Mo 0.01, Na 0.004
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@ F 2, 33 FAAMISIS ATt FAATE ARJASAA SR
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® HEHY ZTEAWE sl s H4& 200 TE £F0] sttt AL APl 3
R



140
1

100 120
{1
-
3
o
.”
‘-
)
8
{w
B
1
{
1]
[T

8
).____
4

~o 4

=1 (cm)
t
|
t

40

20

300 350
1 1

(cm)
250

St
=
=
=
8
I

Q

200
|

150
1

x| 20

K

100
1

m - S ° T ® ‘
: = EE E IIII
- - T < -
o =
Eﬂll | - -
4 : : o P— -
a P | a P a a
T

A B CDETF GH A B CDEF GH

50

8 14, AAAH TEIZE ‘33X’ M9 HEHO AL

ok
b
[m

A9l el

g

i

(2) AR SRS ZEAE 9
Oh 29 U
O AFA= - AE MIA), ‘Ad=EE’ IMIB), ‘FA° M.IC)

@ ADuE -

T D E

he x A2 x 50| stz x A2 X 50|

X Eq4(cm
A (em) 14 X 14 X 20 (24 x 24 x 43)

@ 7]eHmgliter™ : P 31, K 39, S 48.4, Mg 36.0, Fe 3.0, B 0.5, Mn 0.5, Zn 0.05, Cu
0.02, Mo 0.01, Na 0.004
@ HE AL E

— ESES —



(aN]
N
T
To
umo
JI
Y
i
]
m
<
=
0
ﬁo
w N~
o ~
ajo -
e
hy ﬂ
O
ny ~
-
KR
— =
< s
ME —
XF o
oy N
A, <
B OE R
O X A
T ®
iog
o
ﬂ%_l _&O M_l
© W N
© ©

A3
ANy’ =

R ]

15).

@ Al 7HA FF ZFlA

el

()

g, 15cm o] FAF7F

Aol %

=
=

’

547

S,

@

I sttom, LEF7]%

[

} 15cm 9]

=
U

4 o]

E&ZA 45LD)=

iz
s il

A7} 20LE, Pl #]

=
=

)b]'

15cmo]

%‘8‘4"

(24x43 cm)o] 7Hg -3t =

L —
) .

3 A

g 9

E A

X

w, AFohEE A B R

oy

.
o

e

]
1

—

ul

<

A Ay 54 7)<}
FEZZ 20L (24x43 cm)

<
T

o] &3t

=
=
AGEBET o A $FRE ML VDA

]

®

7HA e T2

2= =
T T©

< MmO

< MmO

T T T T T
€ 0¢ gz 0T SL 01

<|ys FlowdSsL

T T
50 00

+

N
)AO

\

15cmo]

)
=K

No
Him

TR



@) ABFEEERS] G4 9 A 54 B

op Ad U
O 2AFA5 : 20163 TEA AgoA FH3 3= M9 HEHA0F)
@ 20184 3¢ ‘&’ M9 IME(10F)E =28ty HFYo A
4

@ 2AGE . SABA, SAAo), Fa, FFAA, B 54

W 2 A3
O 2dxH2016F) Aol FEF ‘F2° /M9 LEEA0FE 2017d 34
st FEdo] Ayt oer, 20183 39 F: ) z = o
Fpdel AAste] IFYF E4S vusloy, 2EQS It 3 FR I

A 54 2ol FAHA S+

@ 0ITAEREANIAE JFAFe E0e AN BT ARE AAsgon,
2018~2019W ) HHAZ Fo 7k A7E FpAe] W FRLe FA BAHAL 719
B Ee ASEAY B BAEA A4S, AAHA FAuY D HAS T

el
AEL TEHS dutyg 7k Aol E Q1T F (a8 1.



SARAIR : At A E 2 B3HFF BEE OiZFAL 7le A
L AQAAJAZRE +F JAH S 2 <
7L % At 2FF SR
() & nlojgix EAQdE : ASPV & 4%
(2) M9, M.26o A= 4F nvloldl =~ FH=
(7 EMLA® A ASGV A=
(P M9, M.26 Zojufjefg mEog X

O

o

O FAAA : 70% et-OH 30sec + 2% NaOCl 10min + SW=Z A(33])
@ Z=diu g A =4 g9
@) MS ®j#] + BA 0.1lmg/L + activated charcoal (AC) 0.1g/L + sucrose 3% + agar 9.4g/L
(th =tiujge &3 98 gn
O =viuiF 53] ¢k F 4844
@b EMLA 1643, M.9 1603, M.26 1604
B A 43], v eF 13

=
X
N

el 45 & FFTE =8,

. . No. of
Inidividual No. of cultured No. of surviving No. of developing contaminated Necrosis (ea)
plants plants (%) shoots
plants
EMLA 164 38 (23.17) 4 105 21
M.26 159 11 (6.92) 4 140 8
M.9 160 14 (8.75) 2 90 56




71 Z2ohaf <k

(7}) 7;5‘75371 T8 AY
O 7ZAujeFg viA: MS vi#] + BA 0.1mg/L + AC 0.1g/L + sucrose 3% + agar 9.4g/L
@ AgW& : A AHhoot-tip) =7] 1~ 5mm
@ A
@ A Zx=7] 4mm o] oA AHEE 100%
W 3mm o]stell A= BEE 80% oI5+
@ 12 P ol A HYA AAH A= dmmE A FH s FFsH= Aol A
@ AA smm=Z HFA wlF 2 F 1lcm o] WEStE AlxvEo] 32%E M =5

120
100

|=t=1mm =@=2mm =s=3mm ===4mm ==t=5mm

Rate(%)

5 O 0

[= T = o
o
%k
&

n
o
1

o

Weeks
a9, AAIVE Az =S QD dd g

h AR TS A% HA Fdxd 79 A

O ZAwFg viA : MS A + BA 0.Img/L + AC 0.1g/L + sucrose 3% + agar 9.4g/L
@ AHZHE : Red, Blue, R:G:B = 2:1:1, RB = 1:1, R:B = 2.1, &3 %5(FL, i)

@b W F7I1ZE - F 55

@ 3= : 30 gmol-m?-s? PPF



@ A=t
b Az AL RB L1oA 85% oo = =7 thH] 130% o4 7= A+
O g3 FANFRFY FNFB= 47 40, 48%=2 EHFFo| uwlE] Az AAYo
A 23
@ AZxo Wwd A Bl F R=B L1olA Smm o] T3 Alxo] n]Lo] 60%
A

oo 2 Zolx A ZPS( =T FL 25%).

~-R -8B —~RGB2:1:1 ——RB1:1 ——RB21 -o-FL

Shoot generation (%)
Rate (%)

1 2 3 4 5 1 2 3 4 5
Weeks Weeks

9. P BE Az AdE 2 27,

(2) LA g, ribavirin 5 HE¥ = 793
b &9, 535t4 7R3 A
O 98 Ag - AAH 1A
@ A4 37 9 Aol dmm= A,
W Ag 2= 9 73 : 38C, 1-3¥
@ 3tstA A7 : sknpo] 8] 2 A (rivavirin) * &
@ He)E= ;0 - 30 ugml
W AW - ARG w2
@ ¥ F7IZE 55
@ A4 A7 57 T AMAR A 4570 AAFE F S 24
@ FSAS A% T2 FHF R
Wb S48 7 gE g1
@O M.9: 6305, M.26: 2405



QA E 2FF] WA

Shoot Stem Fresh . Root Leaf
length thickness weight Dry weight Root length number Leaf length number
(cm) (mm) (@ ()] (cm) (ea) (cm) (ea)
2.0£0.1 18.7+05

M.9 3.0£0.1 1.4+0.1 0.5£0.0 106.5+41 1.5%0.2 4.2x1.2

03.2+36 23%+0.2 65+ 04 19+01 16.7+0.7

M.26 2.2%+0.0 1.1+0.1 0.3%+0.0

@ ZIWriekg wA =4 29
@b 737gujkg ¥l : MS + BA 1.0 mg/L + charcoal 0.1 g/LL + 3% sucrose + agar 9.4 g/L

@ Z2] 8jA : MS + BA 1.0 mg/L + IBA 0.3 mg/L + GA3 0.5 mg/L + 3% sucrose +

agar 9.4 g/L
MS + IBA 0.5 mg/L + 3% sucrose + agar 9.4 g/L

@ T WA
A 7Rl FEM9) F 4,000 A&

() A3AF-=2 <3t P&

HAAs} MF=d 7% 2 A==
ESERESN

b 23 UH
@ 7] wjx : MS + sucrose 3% + agar 9.4mg/L
@ WF7IZt - F 4T
@ wiFE7d : HH] 40 g mol - m? - s PPF), 24+1C
) A=
Zstom, Aejs WY E o

@ TDZ A& MANA A& 570 A3 BAG Az Lo|=

e
@ BAZE A7 © WA 34 B Az ALE 1-AE BRI, 95E Be AP

ol A=



@ Ax% TDZE o 2
@ AzAow Tz 240 BA 05mgll At 14 A A

I8 AREAEA &8 - 8 Ao wE M9 JAUHES] gdilx S
(A: FA 2], B-C: BA & TDZ A &)

£ AREAA Aol hE M9 AEe] A F4.

Plant growth regulator Shoot Number of Fresh Callus No.
TDZ BA IBA GA3 langth number leaves weight formation response

(mg/l) (mg/L) (mg/L) (mg/L) (cm) (ea/plant) (ea/plant) @ %) %)
- - - - 1.7+0.0 10.0+0.0 14.1+0.3 0.1£+0.0 0.0£+0.0 100.0+0.0
0.5 - - - 0.5+0.0 10.6+0.3 57.4+1.1 3.0+0.1 0.0+0.0 0.0+0.0
1.0 - - - 0.5+0.0 6.2+0.1 50.7+1.0 3.7£0.21 100.0+0.0 0.0+0.0
2.0 - - - 0.9+0.0 6.6+0.2 36.3+0.5 2.7+0.1 87.5+£3.3 0.0+0.0
- 0.5 - - 2.2%0.0 11.8+0.5 73.3+2.6 1.3+0.1 87.5+£3.3 0.0+0.0
- 1.0 - - 1.3£0.0 14.2+0.5 93.0+2.2 1.5+0.0 87.5+3.3 0.0+0.0
- 2.0 - - 0.4%0.0 12.3+£0.2 77.0+1.6 1.6+0.0 75.0£8.2 0.0+0.0
1.0 - 0.3 - 0.4+0.0 9.8+0.2 64.5+0.9 2.6+0.1 100.0+0.0 0.0+0.0
- 1.0 0.3 - 1.8£0.0 16.7+0.4 77.8+2.2 1.5+0.1 100.0+0.0 0.0+0.0
1.0 - - 0.5 0.3+0.0 7.2+0.2 43.8+0.7 2.240.1 100.0+0.0 0.0+0.0
- 1.0 - 0.5 1.2£0.0 11.1+0.2 67.3+1.3 1.2£0.0 100.0+0.0 0.0+0.0
1.0 - 0.3 0.5 0.3+0.0 6.91+0.1 35.9+1.2 2.0+0.1 100.0+0.0 0.0+0.0
- - 0.3 0.5 1.9+0.0 12.4+2.2 54.6+0.9 1.2+0.0 100.0+0.0 0.0+0.0

(2) FA ME AL ZIWH YRS Alx F4x20 9
b A% 34y
O =28 ¥A : MS + BA 1.0mg/L + IBA 0.3mg/L + GA3 0.5mg/L + suc 3% + agar
9.4mg/L
A8 & : Red, Blue, R:G:B = 2:1:1, RB = 1:1, R:B = 2.1, §3%%5(FL, =)
H 7% - F A5
ks - wHujek40 xmol - m? - st PPF), 24+1C

® e



) A

© Blue#e] ¥l go] Eobdss Ao Aol HHL.

@ FLBE A8alge A e 9 BBl 1002 38,

@ thize] 2 RGBELDBANA 4% 2 thilx Z480] /bg 29

. BA g Az 34,

Light Shoot Number of Fresh Callus No.
quality length number leaves weight formation response

(cm) (ea/plant) (ea/plant) @ %) (%)
FL 2.1+0.0 10.7+0.2 53.9+0.7 0.7+0.0 60.0+3.2 10.0£3.2
Red 2.1+0.0 10.9+0.2 55.8+1.3 0.9+0.0 55.0+5.2 0.0£0.0
Blue 1.7+0.0 7.4+0.2 45.3+1.1 0.6+0.0 20.0+3.9 0.0+0.0
RGB(2:1:1) 1.9+0.0 8.2+0.2 499+1.4 0.8+0.0 50.0+3.3 5.0+2.1
RB11 2.3+0.0 8.0+0.2 50.8+1.3 0.7+0.0 25.0+3.3 5.0+2.1
RB21 20.+0.0 9.3+0.3 47.3+1.3 0.8+0.0 10.0£3.2 5.0+2.6

(3) A AT E M9, M.269] IS 53 A 23
b 23 I
O 71EuiA] . MSHlA] + sucrose 3% + agar 9.4g/L
@ A8 & : Thidiazuron(TDZ), BA, NAA 0.1~2.0mg/L
@ I - F 8F
- wjoFs - mE k40 «mol - m? - st PPF), 24+1C
b 2=
@ NAAE= BA 2 TDZ¥ 34 0.1~0.2mg/l AF =2 H7t QS w AEslo] T2,
@ M.9& TDZ 1.0mg/L+NAA 0.1mg/L A glolA A&7} 7FF 4393, M.26& TDZ
2.0mg/L+NAA 0.1mg/L A2 wjAA A&7}t 7H ¢35
@ A5 MIRT M.260] 3



3. TDZ, BA, NAAo| w& Akt A= M9 71l Fue] A3}

=

X o XH

=3 T

Flant growth Adventitious shoot
regulator (mg/L) regeneration Callus g
Mo 3 i iﬂi Shoot formaticn [“) 8
— 5 egener o length o5
TDZ  BA  NAA ore)  (onfespla ; (%)
nt) (nm)
1 - - - 0O0+00 - - 0.0+£00 425+4.0
2 05 - - 0000 - - O.0+088 -33:3+1.3
= 1.0 = = 0000 = = B00£19 125+1.2
4 20 - - 212 1.0+£00 50+£0.3 100£00 250x44
5 - 05 - 00x00 - - 100£00 10027
5] E= 1.0 - 00x00 - - Q252 2 32.5+1. 2
7 = 2.0 = 25+x12 1.0+£00 7.0£0.0 100£0.0 7Ex35E
a8 05 = 0.1 00x00 = = 9. Y£1.3 18.7x1.3
8 1.0 - 0.1 81+17 1.0+£00 40+0.0 10000 257227
10 Z.0 = 0.1 67+13 20+00 30+£0.3 10000 18.7+3.4
11 = 0.k 0.1 DO+£00 = = 9y 512 200£1.9
12 - 1.0 0.1 0000 - - 100+£0.0 3H.0+1.4
13 - 2.0 0.1 00x00 = = 100+0.0 27 E+2 32
14 D& - {2 00x00 - - 10000 200xZ2.2
1% 1.0 - 0.2 100+£22 2002 32+£072 100+£00 13.3+£1.3
158 20 - 0.2 6713 1.0£00 6500 100+0.0 0000
17 = ; 0.2 0000 - - 100+£00 42 5+3.5
12 - 1. i 0000 - - 100+£00 23.3+1.3
19 = 20 0.2 B.7+13 1.0+£00 95+0.7 100+00 23.3+£34




. TDZ, BA, NAAd| w2 A3} A& M.26 7|Ulvj kBl A &3

Plant growth

regulator Adventiicus shoot regeneration )
(g /T.) Callus N
No Shoot No of formation BTD?.-.‘T:H:S
> s o . shoots per Shoot length (9g) (%a)
TDZ BaA HNaa regeneration AT ) by
3c) AL (romm)
e (ea/explant)
1 = &= &= 0.0x0.0 &= - 0.0x0.0 E0xZ2.3
2 0.5 - - 0.0x0.0 - - g2 BE+2.2 0.0x0.0
3 1.0 - - 10.0+27 1.0+0.0 3.3£0.1 100000 12512
4 20 = = T ht22 1.75+0:1 28+0.1 100000 0.0x£0.0
3] - 0.5 = 8:0+0.0 = - 89 6+2.9 42+189
3] - 10 = 8:0+0.0 = - g2 5+3.5 E0x2.3
7 - 20 - THE2 2 12401 35+0.1 95 0+2.3 10.0x2.7
a 0.5 - 0.1 15 0+5.5 3.1+0.2 4 3+0.1 100+£0.0 2512
8 1.0 &= 0.1 250+3.0 1.4+0.1 3.0+0.2 100+£0.0 0.0x£0.0
10 2.0 - 0.1 A7 5+4.8 1.8+0.0 4.2+0.2 100+£0.0 0.0x0.0
11 - . 0.1 0.0x0.0 - - 100£0.0 ED.OxB.6
2 - 10 0.1 0.0x0.0 - - 100£0.0 10.0+1.9
13 - 2.0 0.1 12.5+2 2 2.5+x0.2 6.7+0.2 100+0.0 2E+1.1
14 05 = 0.2 300+5.0 1.2+0.1 48+0.4 100+£0.0 0.0x0.0
= 10 - 0.2 12 5+2 2 1.3+0.1 4 2+05% 100+£0.0 0.0+0.0
18 20 - 02 42 5+3 .47 1.7+0.1 42+0.1 100£0.0 0.0+£0.0
17 - 0% 0.2 0:0+0.0 = - 100+£0.0 0.0x£0.0
a - 10 0.2 0.0x0.0 - - 100+0.0 0.0x0.0
19 - 2.0 0.2 ThE5x2 2 1.0+0.0 T0x£0.3 100£0.0 0.0x0.0

&)
=2 T
O =8 9fA - MSHR] + IBA 0.5 mg/L + suc 3% + agar 9.4g/L
G712 F 85 () 4FmbTh AlTiEl b

@ e A - a0 x4 mol - m? - s PPF), 24+1C

@O Wi 3FAFE dZo] HI] AFEte 8FF o] &ds Eued, RIES

M.9(42% Bt M.26(73%)°] T 3 AaFs H.
@ SQH BIANA AR AL M260] et AR AR MIo] © 4
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Apple rootstocks

Culture time (week)

2% M9 M.26 A iAo Es WAl

3, A oA A M9 M.269] A 54 Hlal
Leaf Shoot Root Fresh
Length Number Length  Thickness Length Number Weight
(cm) (ea/plant) (cm) (mm) (cm) (ea/plant) @
M.9 2.05£0.19 18.75+0.51 3.03£0.10 1.43£0.12 1.53+0.23 18.75x0.51 0.54+0.02
M.26 1.93+0.10 1.93%0.10 2.23+0.05 1.11+0.10 2.30+0.29 16.75%0.74 0.34+0.02

G s FTE 71 &2 =4 38
b 23 W
O 71& ¥jA] : MSHRA] + suc 3% + agar 9.4g/L
@ A8 U¥ . IBA 0, 0.1, 0.5, 1.0, 2.0mg/L ©& A
@ wiF712t - F 8F(v] 45wk Althu) <)
@ wjoFs7 : wE k40 xmol - m? - st PPF), 24+1C
() A¥acof
O M.92 IBA 1.0mg/LollA ZF AAIFo] 7P Ehou, A SFE A4 Ao =+
BA 0.1mg/L. Mol A 2% $4a1dL,
@ M.26< IBA 0.5-1.0mg/LolA % AAZo] Egrou, A48 4%
IBA 0.5mg/L A gl A 7} 39S
@ IBAY] F=7F ol 4E Ay MAEC] HobA @S BAE &3t
ol &34 9.

=

2. 2Rl A MIA-E)T M26E-D2] A3t 22,



. BA =¥ M9 A QAU EY 7 ABA-

IBA Fresh Shoot Leaf Root —
conc. weight length Length Number Length lat;eral
(c) (ea/plant) (cm)

(mg/L) (mg) (cm) p (calplantlet)
0 48.7+1.3 2.0£0.0 1.2+0.0 7.0£0.2 0.0£0.0 0.0£0.0
0.1 158.5+4.4 2.9+0.1 1.7+0.0 10.1+0.2 3.2%+0.1 3.2%+0.6
0.5 344.8+13.2 2.5+0.0 1.3+0.0 9.4+0.2 0.9+0.1 2.6+0.2
1.0 364.4+18.0 2.3+0.0 1.3+0.0 7.5%0.1 0.7£0.0 0.1£0.0
2.0 237.2+11.7 1.6+0.1 0.8%+0.0 6.6+0.1 0.3+0.0 0.6%.1

. BA =¥ M.26 A fAU S 7w A
IBA Fresh Shoot Leaf Root —
conc. weight length Length Number Length lat.eral
(cm) (ea/plant) (cm)

(mg/L) (mg) (cm) p (ealplantlet)
0 54.8+1.4 2.5%+0.0 1.1+£0.0 8.2+0.2 0.7+0.2 0.1£0.0
0.1 168.4+1.9 2.5+0.0 1.5+0.0 8.1+0.1 2.210.1 2.4+ .1
0.5 367.7£9.7 2.4+0.1 1.3+0.0 8.1+0.2 1.5+0.1 3.5+£0.2
1.0 364.4+18.0 2.2%+0.0 1.3+0.0 6.6+0.1 0.8%+0.0 2.3%+0.1
2.0 248.3+13.7 1.5+0.0 0.8+£0.0 5.6+0.2 0.3£0.0 A4+0.1

(6) Phloroglucinol %0 W& 7|y ¢Za8& 4 74

b A3 I

O 71&¥)=#] : MSHA] +IBA 0.5mg/L +suc 3% +agar 9.4g/L

@ AL : PG 0, 0.5, 1, 2mM

@ wjoFs - mu k40 zmol - m? - st PPF), 24+1C

(b A8
Phloroglucinol 0.5mM &% o] H7F5E A2 FAE9]
2 100%E R ZHAQ1 Wtol]l Phloroglucinoldl & 342 ¢
217 A ¢] "2 = Phloroglucinol 1.0mM 717 7} &34,
Phloroglucinol & 7}ell 13 7wk e o]l A A= Yelhux gton, e ~ut
AA == Aol U=

W 6

E. A} A8 TE M9 e Bl A A A Q1 I (true-to-type)dll ®]X]= phloroglucinol &
5o 9%

. . Callus Fresh Shoot Leaf No of No. of Root
Phloroglucinol ~ Rooting . .
formation  weight length length leaves roots length
(mM) (% (%)  (mg/plantlet)  (cm) (cm) (ea/plantlet) (ea/plantlet) (cm)
0.0 93.33 a* 30.00 a  226.60 a 2.88 a 154 a 10.2 a 5.30 a 1.94 a
0.5 91.18 a 8.44 b  126.58 ab 217 a 1.63 a 725 b 406 b  1.19 ab
1.0 100.00 a 0.00 b 168.50 b 2.82 a 1.56 a 11.10 a 5.00 a 1.87 a
2.0 93.33 a 0.00 b 107.30 c 2.59 a 1.17 b 10.10 a 3.70 ¢ 132 b

“ Mean separation within columns by Duncan's multiple range test at 5% level.



9 ¥ A] phloroglucinol 3 7}Foll o] 2w,
:r" E-H. ImM phloroglucinol % 7}7.

(M) FAdo & 7 =41 778

b 43 BH
O 7]E8A] : MSHiA] +IBA 0.5mg/L +suc 3% +agar 9.4g/L
@ g W& : Red, Blue, R:GB = 2:1:1, RB = 1:1, R:B = 2:1, &3%%(FL, Jx+)
Q@ w71t - F 8FUF HF o= Adnjed)

@ wjo¥stA : Wl 40 mol - m? - s PPF), 24+1C
®) TZ7IZE R BTl W2 2EFHS Gh9 FF EA

b 23 U

O 7]En8f=A] : MSHjA] +IBA 0.5mg/L +suc 3% +agar 9.4g/L

@ wF71ZE - F 8FUF A E AUl

@ "k HHElF40 gmol - m? - st PPF), 24+1C

(h 23

O w I mE CATS} MDA 423 v 35 & FE Ay @A AlZsto] 45
FE 2 A2

@ o] AZHE AJ-ol CATS MDA &aFe] 5713

@ Catalase(CAT) &3 2ol Qbd JMAloA 71 =9k, a8 MA} AR <
Hql

@ Malondialdehyde(MDA) & A o 2 & AMAANA =03, 53] A FHAA o}
A gFoA EG 2EH2E QI3 TZo] dHE S FAT



8. 7R WE M9 AR Sf ATl ES] B A-H Rl Aol A ui ek 0-8F

IR A7 B M9 A s Ee)

Shoot Leaf Number of Fresh Root No. of
Week length Length leaves weight length root
(cm) (cm) (ea/plant) (9] (cm) (ea/plant)
1 2.23+0.12¢* 0.58+0.03d 12.00+0.05d 0.07+0.00d - -
2 2.35+0.07¢ 1.80+0.07c 17.75+0.40c 0.18+0.00d - -
3 2.63+0.05bc 1.93+0.06¢ 17.75+0.40c 0.18+0.01d - -
4 2.98+0.06ab 1.93+0.05¢ 18.50+0.30c 0.27+0.02d - -
5 2.95+0.10ab 2.08+0.07bc 19.50+0.48c 0.42+0.02bc 0.08+0.02c 0.75+0.22c
6 0.95+0.09ab 2.18+0.02bc 22.50+1.66bc 0.42+0.03b 2.08+0.34b 3.00+0.33b
7 3.10+0.06ab 2.48+0.04ab 26.25+0.51ab 0.42+0.04b 2.53+0.08b 4.50+0.40b
8 3.10+0.06ab 2.75+0.13a 27.5+0.77a 0.42+0.05a 5.15+0.19a 6.50+0.55a
A B
200 15
180 -
E160 - 20194 ab
- | BE ab
Mo 51 \/\M\W
5 b SR
- Rl 2210
G - g8
s 60 - wa
£ 31
zg "

1 2 3 4 5 &6 7 8§
Weeks

a9, &2 7]3bel & CAT 243 MDA ®3}h

Weeks
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Rooting

I8, AT mE AR A skRoA CATS MDAS] &k,

Catalase
(pmol min-g‘protein
]
(=]

&

=)
[=]

(nmolg?! - fw)
2

MDA content

[
[=]
=
=

[=]

Rooting

4. 71w & =4S T3 HAs 2A A =240 71
7 Heest By AqAzd 1
(D A A= 7| A Hr3)t A
b A3 Wi
O Z28iA] . MSHiA] +BA 0.5mg/L +suc 3% +agar 9.4g/L
@ W71z F AT
@ wloFeks ;- Hujek40 xmol - m? - st PPF), 24+1C
b A=
@O M9 Hlals M.26o A I3} LA Eo] oF 20%= tha A YERd.
@ #H38} A EA A= Az A o] - A 23k =
@ CAT &4 &Aool nlsl] st AEAHI)} 2 A AEARIANA =A e
3, MDA= RE v]gdA oA =4 Yeb.
@ I3t Aol AT JHAlE AEZE F50] YolA L, JHAES] wdE RALA o
2 Bgete] £3hA] A EGE S0l oEws RAE
© 717} o] FofA = wjFgol A wit Ay dubol wls Hgsiel Qdd Aol
AAH.
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a9, gt Eo wE M26 fA .

. B3 A= WE M26 A} diEo A4

Shoot No. of Fresh Dry No. of
Plant type length leaves weight weight shoot
(cm) (ea/plant) (mg) (mg) (ea/plant)
Normal 2.03a* 3533b 455.50b 83.67¢ 3.33b
Rolled leaf 2.40a 28.33bc 652.33b 114.67b 3.00b
Hyperhidric 0.73b 14.67bc 418.33b 68.33c 1.00b
-g = I " :EE 100 - ;
::, 140 - s i | b =
B 120 E
E§ 100 "::_,' o0 =
g §
£ =
s -
Variant type N ‘Varia:t type "

B A EA S} Hsl A EA ] CATS MDA £4.

o = 8
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(b 912 R FE - FE Brhe LA, 160m
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b Q=93 7]Bioreactor) : mWjollA 7 ®ol o] &H+& 7E AERRSTIE YR 37
7} f2l 23zKglass spargenNE F3l| HWIAWE FFEHAA
M A §2AAFDO)E Eola wiFErIy F719 7
A=go] o] FAAA He ‘air lift” W29
(h) 712 B2le BAA - a8y ol# s Bl widA st AAuj Ao ArIHA F7]
o iAW FFo] o]FofA = FEHE AH{EEI] Fo] £7]
o Slo] HAu Ao H7A He A5 H=r3Hhyperhydricity)
Aol A 7hsdol w9 Eol A e Al=HQ.
(th sAaxget - weba A ZIH B Zo] Mg TH LS HHo= ste A 7Y
7tk Hrsirl e dxe] A" tAle] st



71%. Balloon-type bubble bioreactor (BTBB A &1k
Hj 7 73 (o} 2.
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OB At 71l s A4S
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(a) Air inlet; (b) Air flow meter; (c) Timer; (d) Solenoid valve; (e) Membrane filter;

(f) Medium reservoir; (g) Sampling port; (h) Supporter (net); (i) Air outlet.

(3) I+ (Hyperhydricity)E &o°]7] 913 v A|=8) 7|t
b WA FF A= =4

D TIB A28 : A3 s FBE Ya) AZ | AE-37)
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Eulwol St Bloln] 58 o

Aste] AFoR YAHAILE B WAVE FEEI W& Temporary



immersion system(TIB)
@ CIB Al : 2 A44<Q1 mj#Ag3 AlglQd CBRaft culture)

Control box

+—— Solenoid valve close
«—— Solenoid valve open

W) FF S7HE S AENe718 LED Alx® A2

O gubAQd wjFA F21-S 40~70 xmol - m™? - s PPFDY.

@ BETGT]O A5 MFA =" EAY Bee IRtz 60% olshd.

Q@ AAufEFEA FFshrt & BASE AR W gRe] B met FEE 80u
mol - m?-s! PPFD o]4o g 2dd dart 9L

@ ZLEDE o] &3] AENE|E FA=HS e A2

© 3t LS 43 FAAF (40% — 10% ©]3h

S48, 28]



b A3As 2 U
O wjgFeA - EE GA
@ WA ZA : MSH X]+IBA2.17 M+sucrose 3% + agar 9 g/L
Q@ A&
@b Al R (conventional culture; solid medium)
@ Al =] (control; Liquid medium)
@ AEFS7] A" 1CB): WE A A=A e, A A&
@ ERFE7] A"l 2TIB-3): VIES A A EA wie, WA 135]/3h 35
AERRE7] A" 1I(TIB-6): UIEL A 2&A vj%F, v} 13]/6h &5
@ wiFZL - F 65
® wjekstA . Wujek88 xmol - m? - st PPF, 16h %/8h <), 24+1C
(h) Ad3ge
O &7] A4 HAuAANA A AEAANA M FROY "I dole}t 2F, |
& AFodes =7l Agk AEA47F 7 FEskd
@ TIB-30l4 21 &2] ATl 7} %3, AGFeF At Zo7t 7 2+
@ MAE B TIB-3olA4 F¢oy, AR #d= RN
Aikel] AgtsbA] Zetdar, CIB A7t ¢4 A=A it 71 A

E
2

k

F.AEREE7] Alzgl mE M9 QA EL] AGE Al A= I

Treatment Fresh weigh (mg/e Shoot length (m Root length (m  Stem diameter No_of leaves (& No. of node (ea’ No. of root (ea/
xplant) n1) m) {mm) a'explant) explant) explant)

S 166.04+16.17F 5193=x201 5197+£3.79 147+£0.12 1490+033 1130+0.72 810046

L B8.47+£10.20 40.75x230 50.78+791 1.62+£0.07 1370101 690074 480+£051
CIB 12239+ 886 9097 £430 725+£546 119006 1240083 940079 1060+148
TIB-3 18265+1740 105.62+5.10 8140+648 1.40 £0.05 1240069 970+ 047 11.60+1.06

TIB-6 11245843 80.85+3.60 7643 +5.79 118007 9.50+048 900+071 1240+ 1.55
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Leal index

200 A
160 A
120 1
0.80 1
0.40 A
0.00
§ L CIE TIB-3 TIB-&

Y. ABUSY] Bl ahE Ak M9e) AT AW A Fe.
(A: AWML, B AWML, C: A% AA ABWSY] Wi, D AAHA DA Y]

|
ik - 3ARE rie A B dAARJ] JA AT Mg - 6412 vier A

BChlc-a EChie-t @Caretencid

? ﬂﬂl‘”"”'&@

8

Contents of carote noid and total
chlorophyll (mg-g-1 FW)
b

a9, AERET] Alzde mE M9 g tE AEA H54 a, b TtERC|E T

B Stem diameter (pm) BXwlem length (um) BPhloem length (pm)
800
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o

400

300

Length (qum)

kb

S L CIB TIB-3 TIB-6

B BRe) ABWEI A AR MI AT 219 AR TR B4,
(A A&H DA BV B 347 vtk FAT AAH AA YEUSI),



o A5 e THE

(D A8 il o)
b 2E AH -

Q) ATrEST B2 g5
Ob A FF 850 ‘T2 10704, ‘32 10714
b Z2Huopg RE| Bro] 2 o 24
O 44 - RT-PCR
@ ASPV-s 5%F9] ntolgl = EAAF, 2FF 25 100% 359 ntol# 2ol ZaEo s
S 82l (ASPV, ASGV, ASLSV).
(3 BEo JuHmgs B3 vold 2= AA &3 79
b 43 B
O AP Az ‘T2, ‘FA ZF 1074
@ 7] ¥jA] . MSHA] + sucrose 3% + agar 9.4g/L
@ vz F 8F(UF A AlhuiH
@ vhoFs7 : mu k40 «mol - m? - st PPF), 24+1C
b A3
O BEoA 3F9 npolgj2rt ZEE A 7IHARSE wgd MidR A o5
o AN+
@ AH =5 el dolA AES MAAAE ACLSV 7ol &2l HA ol gFAn ¢

o2 BEFQl wol s AAY hsde WY

h=



ASPV

ASGYV

ACLSV

ApMY

ASSVd

7. RT-PCR< &7 Hpol& = &1L
(Lane M, 1kb ladder; P, positive control; Lane 1, &=&; 2-4, 7|45 5,

= -

5-ZAg 2~ A &E3sHA; 6-Z 2 2 N, negative control)

D deiﬁlgr 3etA e E &3+ Virus AlA 9 virus-tested 2] EA A Ak
al g

@ /\‘“Zﬂ s HlolE 2~ 7o) &l H S &

@ HHH&

7} &% A8 : 5%, 2%

L}, 3184 ] : Ribavirin 0, 25 «g/ml

O A - 7 Al 7 30714 A& (shoot-tip)e vi&Fste] ZF AHglolA 457
S 2552 A 473 O et A=A dEs =S s ASEA
g ool s 248 MEY A

b 2=
X, ‘Z2’ oA virus-free EAY ol )t thermoraphy$} ribavirine] &3}
Treatment . :
Shoot elongation Hyperhydric shoo MNon-response Sho

Temp Ribavirin (pg-mL-') Rate (%0) trate (%) ot (%)
25°C 0 62.4+9 8% 263187 37.6198

25 643157 269171 461192
32°C 0 539192 51126 35.75.7

25 45374 313105 547174

Data are mean + SE.



90 75 75
2 A B0 pzml™ Ri B25ugml ™ Ri _- B B0pzml~ Ri B25ugml~ Ri C B0 pgml~ Ri @23 pgml~ Ri
S 75 A b3 =
E— < 60 é 60 1
E 60 E =
8 £ 45 g 5
B 45 E o
o < g
= £ 30 1 g 304
= 30 = 7]
o [ E
=] 'E |
213 13 1 Z 15 1
73] é =
& 7
0 0 0

25°C 32°C 25°C 32°C - 25°C 32°C
9. ‘EFE’ oA virus-free T o] thgt thermoraphy$} ribavirin®] &3}
(A: 2719 AA&E, B €719 #53&, C 2719 FE4H)

(2) 37k B8 T3 HF Virus-tested 2 &EA| A

b W7d virus : 4% vlolH 2, 1€ vlo]Zo]l= (ACLSV, ApMP, ASPV, ASGV, ASSVd)
() = 0 M9 671A, M.26 771 A

™ "H4: ‘T2 190A g1

SHIYG WA B
(D BT

W AgAs L3
O AE=A= : M9, M.26

@ wlFA - T GA

@ iR Z=A : MSHRA] + IBA 2.17 #M + agar 9g/L
@ HF 9% : 10ea/100ml

© THHIA] © QOpA| 2

© A&

@b F49 9 oKcontrol) : F7NwF 1S, 3% T I



271 2E

(ventilation filter)

HHEHX| + ROFA|A

(Liquid medium + Oasis)
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FoAlA A HTHrk AAF] o L7u) Fx, 9 FE oF 126 gol s Aol 44
e
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@ 717] : CytoFLEX(Beckman coulter)

@ ¥4 : CyStain PI absolute P(Partec GmbH, =)

€ B9 APANFY oJdYS 0.5cm’ AR AW § WS UEAA DNAY 3G
W =4
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Al opEe] AE DNA 2423,

% Mean DNA index CvV
M.9 1936203.425 1.254+0.04 17.04%
M.26 2099787.98 1.35%+0.04 11.41%
=2 2172990.515 1.40+0.02 12.40%
B 1672296.567 1.08+0.01 11.27%
M-S armpli - B Multl-samples | P1 Muilil-g ampli | Py
e W i 2 ] B a6 7 HA_1
Wos1— | B Bo: 3 083
11
1 |
8] | |
':‘: 'J“Trrﬂﬂ T L DL B L A d:"m
"y00 150 il &0 100 150 = T '1@ - 7 e
PEA (x 108 REA (x10% tx10%
3 Mull-sample : P1 Multksamplo : B4
& 2 i
| By
g g
: ] E 1|
o] o :
&4 i = '
| H | 14
= IE ?hk-:’.*dul T UL S N B ENE BN N ﬁ:—.bllul ri
] 50 100 150 0 i &0 100 150
PE-& (x10% PE-A tx10%
2. FAZEAEE o183 MIGHT M26(F), ‘F2’ (o] AZul DNA §F £4 A3t
8. ¥ QAU EHL H4E o] &3 micro-grafting 71 &/
7F di=3 JA5EFSA st AR E HY HE 28 S A wA =4 4L o)
UE A

(D PIAIA S(micrografting) el W& HE& P& 71e MY
Oh 4345 2 Uy
HE-MY, - T

O AEAE
L e |
: MS 8jA] + IBA 2.17 M + sucrose 3% + agar 9g/L
@ ML=
® MEFHE -

@ A
© HjA =73

6ea/50ml
A gudd, F5 Uy, gEe MIoE 5Y



® w717t - E 8F
@ ™88 xmol - m? - s PPF, 16h ™/8h ¢H
H LT 24+1C

(P Asaok
© 71V A elA 472 BgHos AT WS Qem o) AZst] lom ols
3719 HEE A uh o wet 24 3 T HE AT

@ ABRE A F R 44 L 0F WAE A3 BEe HLE A 2L,
® W% 47 F thZolA gher AzE AA AFL AduE §7L.
D Y 85 F AZES A5E BYos AU @ A% FHo ABE Ao Aol A

olol o
o

® e S A0S 5 AP
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F o gEshn 4T S
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HAERE HEapge] ws) gHow A
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Rate of micrograft(%)
EEs888382832%38

No of leaves No of node
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@ HjgFEA

® WX =4

@ HHOO]:EL—]_E :
® AHHE :
® Wzt F

@ w73

(W) Axgof

O FAHEA HEPHe] folsdy v

W 8F & A

& M=)

TRl WE 7IWAHE &89 Ao 71
Oh Ad¥As 3t W

g &5-M.9, M2.6, - ‘ET=2°

w2

: MS ®ll#] + IBA2.17 M + sucrose 3% + agar 9g/L
6ea/50ml

8%
: Hul%F (88 wmol - m-2 - s-1 PPF, 16h w/8h <h), 24+1C

£ sty mARES AT

@ mAIE =

< M.9o] M.26%

L
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52

Avbgao] m
EEANCESE

HEEE) 2 23 5 AHD)

W FHMI, M9, vlAHEA Foe] dopge gudnoR 59
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oift
e
ol
X
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=
I
fo
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=il

85 ¥ tlEsfol de 42 FEa9 e,
® AZRE F o2 SRl W2 Ao 49 vl £ foHe Fol7} Qe
il " aMa oMz
s : 500
§ T 400
Em
2 50 300
5 ; 200
=
E 100
1: . LT e
M3 No ol s Navo] i
a9, vl 8F = diE TR UE HAEEGED 2 HAEB A,
(& M9, M.26, 4~ ‘ZT=&2’°)
9. AT fAUEe] FHE AZL AT voles BA
b AR FREA SR 2
- 29 F 40 M9 b, M26 155, ‘2 75, ‘X7 bHF

4 W mlolg 2 Bl HpojRol= 1 4F HiolE &, 15 HEo|Ro|E
@

#2 o AbEEskl g alo] 8 2 (ACLSY), AF#HE7] 1%

W ulo] 8 21 (ASGV),



AbFE 7] FHko] 2 22 (ASPV), AbatEA}o] A u}o] 2 21 (ApMV)
@ 1% wlo]Zol= : Atjulo] 2ol =W (AAVA)
- A3 acF

@O M9 E4oe S/A 25 FHeE AT Wobd 34 9 BRgd 9% FHE VEH=E
2 o]&.

@ M.262 157041 2428 3 JA - T2

Q@ ‘F= THASH ‘FAT FiAle FHEE S wol FA A ¢ SV A
H A o] H <.

o|\
>

M9 FHE A4 FBA] (M26 F-3E A3 FHA]

SNt B (85 % 2928 ) < 2017, 280 A (88 e ] <207 € 0
ey 200078
Serial Number : 20-20003) { Sernal Number : 20-20002)
ERHAYEYAM SXNHAYBSYAM
i : Certificate of Seed Sample Analysis;
(Certificate of Seed Sample Analysis) ( p ysis)
[NB(RYE Qo) SN E (L)
Mol ol s) [Bdu(Eele 8) (Name/Orgarizaton)  @uaAwR HwpE [(Dato of own)
(Name/Organization) & wcyetm Avstpieies (Date of birth) soy
age | Lo | e [ Ty
Applicant) (32 (address) [2t2ted 8 (Tel)
nEY ANy
ETeERC] a5y Lo ! 1 3% I:n
Af3H(Malus domestica Borkh.) l y lm T ISl
(::; (Name of variety) cEeet oo I olnura Y I "
P - AE e U BY
(Lot numpen) | %07 = %05 l (Quaniiy of Samples) i (1 SYER | s azeoi AN, 792 3m0120IS (Woid)
i u} A = o
B ) | P el A, 3192 @ui0l 201 (o) corsamse | WEBGAE B (Towing Aesuls | .
ot rumbmr) (7 Jore, [Surs U ==
B2 (Testing Resulls ) e e ) TN
s Species uEe | gEEe Ea o
b (Name of variety) | (Number of | (Number of (Intection details) o A BHU26) 1 1 AV
soplstor) | blec) Ty . o Ty
1 ALzi(M9) 1 o LTS o a2 ' o Ty
2 AfFHME) 1 o e or 20 i o o
3 AtRHM) 1 0 olys o Airiu2e) fi o o8
4 AzHMI) p | '] olHE 08 A #u2e) il L e
5 AbzH(MO) 1 0 oIS or A Hv2e) 1 0 ous
2l AbzH(M9) 5 0 0% 08 A BHMP6) 1 0 oSIHe
) o . o oie
10 ABHU26) 1 L] Gl
u ) . o o
" iz . o ogle
I anize) | o e
AL} A #HM26) il L] olue
TEANN, M42Z2A2 U W W ABTH MIIT2A40l w2} YA AIROI AT AUHHYS
15t ol BYEUCH, 15 M6 ' o cius
anice wn sz m v Ty
2. ind article 33.4 of L) TENNUN, M22M2 X VE W AT M2 o) YU AR AN YVYNYS
200004 w0z | A% B0l BB
Date of Issuo : month.day.year i
EERTT T
BT Ot of eeus  menth day year
(Director General of Korea Seed & Variety Service)
FUBAFY
omzrminaneoan | (Director General of Korea Seed & Variety Service)

P r——

[ 32’ FHE HA FHAI [ A’ FHE AR F9A]

nIO-mOC AR wi-mo0Ise
e e
BA HYBYAM XN HEBYUNM
(Certificate of Seed Sample Analysis) (Certificate of Seed Sample Analysis)
EWBES EEWN #esnutue YW ECE BUWN) TR
Neve Umpancetor]  awind yumel Dete of bre MR TN AN NI SNENY Coe of o
L S— LA S—
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AgUes |, "o NS 0w agour |,
Lot b Ouartty of Samprun) et ~mow
.._“,’",:__ T T A E T P g LT
BYEN( Tennng Pesms | g Rests
2 aB0me Wl Tees TTaes ia - -z 2o iLUwE CONET) T T ——— w3
ot Ao Nome ¥ soroh ”v:-’-:’ :::..-.’ p“.,‘—“' e Lt A Nome ¥ reroy ooy ten e
- 20 Remingre P e s NP ¢ “ae
X 0 N mongs 9 s ux - < on
ANLEE., NGRS QRN ANAR NN NG QNN RN Or ANENES TANSUE, MOANIT QP N ANAN NN AN QUD AEd an ANENES
LRl S LR L ] Sl
et (%, P ae metered Lamaee ee beet 25 aicel * Bieidarie w Pe Eeveers ¥ Btew Wt ce, P e meriened Leme e fee beet e Enied 4 Beidane o P eeets & stee
AL 10 e Bent Raary AR g 90e D)4 o e Banenent Rue o Te sene At A1 10 P Nent By Al o a0 1D 4 e Disnenent Rs oF e same A
NP M0WOTE LY
Due of Waun  monen cuy pear Date of mase  mone cay yeur
WERNY QWUEQED
(Diroctor General of Korea Seed & Variety Service) (Director General of Korea Seed & Variety Service)
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25C, F= 60umol - m? - 7 PPFD(FF5), B57] 16/3t02 vk 213 FLaH)
A7stal, A ER 29t HepolEE 6:42 ST wiA ol A4 3

@ 719 A AHAS] A 1F:Y S AUSEE 90% ZANA wdH np=
dolFe duest AEL ARA F& N 257 dvles e AN T 150
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Time (week) 5 6
Relative humidity (RH) ; 60%
HNos EC 0.5dS/m
Hoagland /Aot uny, | SRR EC 1.0 dS/m
HN:, EC 2.0 dS/m
NAPos EC 0.5dS/m
NAP1o EC 1.0 dS/m
cavs
NAP.x2 EC 0.5 dS/m 7
NAPexs EC 0.5 dS/m
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D EC7h 2713kl me} AEgo) grashs Agol Yehdt

@ olg¥ Ade «3 x7] A=Y WYL AR FEIA
SEEFS AR Sl FEEE AEUAE WSS Aow

@ AH 233 AT AR FARA ol YAAT, F g
Se BE Al FAHOE B A HYS

@ oloh Wi, H4 673 ANE AFE EC 209 ¥e FE A
AR, % @A §o49 AolE RYL

F. i WIAEHNG AFEUHESY ndE F4 Bles Ve A

o Bxol We AP 4%,

- - im " i o Shoot
Time e %—.(. y Stem length Total It:ijl area Fresh weight Dry weight
(week) (dS-m) (cmy) (cm)
(2 (g
] In vitmo 26 13.5 0.3 0.08
2 HN 0.5 3.6 215 0.4 0.11
1.0 28 182 0.4 0.10
2.0 32 16.7 0.3 0.07
NAP 0.5 34 222 0.4 0.11
1.0 31 159 0.3 0.08
2.0 29 125 0.3 0.07
Significance Treatment NS NS NS NS
EC NS NS NS NS
Treatment x EC NS NS NS NS
4 HN 0.5 55 324 0.6 0.16
1.0 602 39.7 0.7 021
2.0 49 33.7 0.6 0.18
NAP 0.5 6.8 424 0.8 023
1.0 0.6 375 0.7 0.19
2.0 65 39.8 0.7 020
Significance Treatment NS NS NS [NS
EC NS NS NS NS
Treatment = BC NS NS NS NS
6 HN 0.5 104 5800 1.1 033
1.0 11.8 77.7 ab 12 0.36
2.0 12.1 90.6a 1.4 045
NAP 0.5 123 T7.6 ab 1.3 039
1.0 125 261 a 14 042
2.0 128 90.1 a 1.4 0.44
Significance Treatment NS NS NS NS
EC NS ¥ NS NS
Treatment x BEC NS NS NS NS
“HN: Hoagland nutrient solution, NAP: nutrient solution for apple plantlet.
*Different letters within columns indicate significant differences according to Duncan's multiple range test.
™" Non significant or significant at p < 0.05, respectively.
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E. TZRE FAHNT AAFHAEY vullgd S ¥&S 7IRte R At u) FA(NAP)
o sEo] wE AR AS.
Ti e Root
me Treatment” i) Total length Surface area Fresh weight Dry weight
(k) (@57 {cm) {om) (mg) (mg)
4 HN 0.5 14.0 96 b 1102 128¢
1.0 15.0 106b 160.0 198 ab
2.0 17.7 128 ab 158.6 143 bc
NAP 0.5 138 13.0 ab 1513 208 a
1.0 164 138 ab 1725 18.0 abe
2.0 152 160 a 1984 209a
Significance Treatment N5 * N5 "
EC NS NS NS NS
Treatment = EC NS NS NS ¥
6 HN 0.5 144 b 136d 114.2d 143d
1O 15.0ab 157 cd 151.6cd 184 cd
2.0 16.6 ab 2000 abe 2219hb¢ 274 be
NAP 0.5 180 a 246a 307.5a 3R3a
1.0 16.9 ab 231ab 237.0ab 331 ab
2.0 17.8a 179 bed 2104 be 233 bed
Significance Treatment * " b i
EC NS NS NS NS
Treatment = EC NS - . whE

"HN: Hoagland nutrient solution, NAP: nutrient solution for apple plantlets.
Y Different letiers within colunms indicate significant differences according to Duncan's multiple range test.
NS Not significart or significant at p < 0.05, 0.01 or 0.001, respectively.

@ EC 557} 0.504 2002 Z71st= Al7|o] 5 Aol 25 A A2EA 9 AAE
o] oA = AT B

4730 ECE %7171 NAPexd A2 7e] F713 &L 253 ECE 7M1
NAPex4 = glF¢] A& H T} 28] o)Af l\_%g&?
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CGrowth rate of total leaf area (cm®/d)
w
T
1
-
T
Growth rate of shoot dry weight (g/d)

:. B - B

Growth rate of root surface area (cmzldl
I
n
Growth rate of root dry weight (gid)
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00 I 5] [ ] [ oo
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Mg el &

BESRY

=

® 23 vtadi%e] ¢ AdHoz ugo] B9 HN Aol o] frelxoz

@ F W Aol met vdld 240l o= Ax Apol7t AFAINE, AR &4 EA 2

Fole @ gole W g A WA g,

E.6F B #3E AL WG AR v G B4,

EC Macronutrient (mg- g DW) Micronutrient (ug-g”' DW)
Treatment” Ly
(dsm™) P K Ca Mg S Cu Fe n Mn
HN 0.5 3fe 253 b 5.0b 3.6b 2.1cd 120c 1162 b 72.8¢ ho3e
1.0 38d 238c 5.6b 39a 2.2bc 9.9d 1248a 47.8d 637 f
2.0 43b 250b 5.8a 3Ba 22bc 8.le 1264 a 36.7e Ti0c
NAP 0.5 40c 234c 4.1d 35c 2.1d 165a 5¢c 95.0a 798 b
1.0 43b 252 b 4.0d 3.2d 23ab 15.0b 1024 ¢ 833b 734d
20 5la 278a 44c 3.2d 24a 140b 1150b 7l.5¢ 908 a
S]__gnlﬁcan(,e Treatment P, 4 P P * e . P e
EC *EE EE EE NS E B e e B
Treatment > EC **4 w4 NS *4t e NS NS . -
"HN: Hoagland nutrient solution, NAP: nutrient solution for apple plantlets.
*Different letters within columns indicate significant differences according to Duncan's multiple range test.
NS Not significant or significant at p< 0,03, 0.01 or 0.001, respectively.
@ olg A= AR AAEAY vUR F Bl&dd A 249 NAPE +3F &
Aol weh AP EC pEZ FAL FIFDTH AUl AuhRe] Mok ey
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YEg o, sE= 1500ppm°ﬂ/‘1 vJﬂ o2 ¥ 2%, F 494, ALE AAT
o] ¥,

@ 71¥ M de gy Ak AFEYs AT ASAAAM FolHQd AolEso] #EH
ARt A3z o2 1,500ppm IBA 2 g]7-o] AR ASEnt ofyz Ashy s =37

F.A A SAY] wol wE A 6573k ZIWE G AR TS A5

Shoot fresh Root fresh

Shoot length  Root length  Total leaf area weight weight

AUXIN PPM

(ern) (cm) (cm?) (mg/plant) (mg/plant)
control 13.8 ab 16.4 74.3 abc 1.27 abc 0.22 ab
500 9.6 ab 16.7 55.5 abc 0.88 abc 019 ab
IAA 1000 115 ab 15.6 61.8 abc 1.03 abc 0.24 ab
1500 124 ab 16.6 68.5 abc 1.1 abc 0.18 ab
500 59b 154 232 c 045 c 015 b
IBA 1000 14.7 ab 19.3 976 ab 1.55 ab 0.3 ab
1500 174 a 159 1193 a 1.88 a 035a
500 8.9 ab 13.8 40.3 bc 0.69 bc 0.27 ab
NAA 1000 73 b 13.8 37 bc 0.58 bc 0.24 ab
1500 10.7 ab 164 57 abc 0.87 abc 017 b
trt NS NS b i NS
Significance cnct i NS i k NS
trt * enct * NS L b 5
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Ael o v A
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Photosynthetic rate
(mmol COy m2 s‘l)

0
Con Trt1 Trt2 Trt3 Trt4 Trtd Trt6 Trt7

a9 = Aelol ©E ARPYURe FRYE,

Aot AEAAE EGE =3} 27| 71 60umol - m? - s Rk 100
A Trt 1oy <8 Fukbeo] & o ¥2 F=E A2 Trt 571
of AP BT ozt AT,

-

D 3 47 AeF F o] 2AL o]H AW FUsA BAT

@ 719 BAel AAFY] A 152D B AUSE 90% FANA MY vAE Dok
© s WS AR F, DFTA 2R A 4%,

® AEEE F AWM 675 0% 80%— 60%2 257 Ao Ao 74
3,

D AR AL T BEe} o4 E DAL THAY 98] e o] A

wi | omoymas | ':
00 PP I RGO | 100umol/mass  [EETAN ]
Tit 3 100ymol/m2/s I

Ttd '

S TR I O

7 100umol/m2/s

2. ARFYUEe] A% £ A FExoldsus A,
FEAYE ok AN 7 ARt FLY 24A Al B ARG
o

|48t erA B AEl= 5003 1,000ppmo.z HAASTRoW AAZ Zbzh Pt
505.5ppm, 998.7695ppmo.Z % H.
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o] A3} EkA 1,000ppmS A7+ 500ppm M+ Kot B2 T 654 24 L
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Ge Age
F 6% Bk 100umol - m? - sTol A ek Abg £ABA G 2] F o] 43
gdTE BT

QF 100 #mol - m-2 - s-10| 4] #}2}t} vpx]e} 1

gL
o] 2k3}ek4 500ppmell A F4 3
il A7t o2 Aol Hle] AurEe yS

ZFo) 140 ymol-m?-sloz
oA F7H7F BEH.
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E FExolAsga AelolA 2ot ARTHUHT] A4E 8 A% Y.

co, - n - Shoot Foot
[ ELCEniTEnn et : Total leaf area Ho. leswe Frech wei Rodt Fresh vrei
(meek) (ool ol ) }Eﬁ;ﬁ o) & o) (ﬂﬁl?gh 5] W

Con 2.4 B3 126 0s 638 0.06

500 Tl 10 b 482 11 83 0.15
T2 g4 33 126 0z 638 006
T 3 10 A 52 11 83 0.15
Tt 4 18 437 192 1 23 0.14

s 000 s 29 29 186 ng 103 0.12

T d 19 437 122 l 93 0.14
m7 28 429 1248 0g 103 012

Sigmific ance

COy concentrdion (C) Nz N NS NE NS NE

Tredtmert (T) N5 NS NS N3 HS N3

CxT NZ N N NE NS e
Can 15 &h 1032 &b 44 16 4k 04 009 Ak

0 Tl D4 ha 1571 Aa 4 29 4a 104 028 Aa
Titl 135 Aa 144 Asb 82 24 4a 123 029 Aa
Tt 3 D4 ha 1571 Aa 24 29 ha 04 028 Aa
Tit 4 114 Bh 55.7 Bb 4 12 Bb 84 012 Bb

v i Tt s 152 Ba 872 Ba pats 1% Ba 10 019 Ba

Tt d 123 Ba 534 Bab 194 15 Ba 91 012 Ba
T 7 152 Ba 872 Ba 88 12 Ba 10 019 Ba

Sigmificance
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Tre et (T) b i NE b HS -

CxT N= NS g N3 H3 NS
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3 AN w38 AT g 4%

Shoot Hoot
Treatment Flant Stem Total leaf Fresh Hoot Fresh
height diameter ares weight length weight
(crm) {mm) (erm”) -1 e (g}
159 b 2.0a 140.5 28 17.2 0.5
234 & 1.7 b 172.5 31 16.8 0.4
Significance wa . NS NS HS NS

(1-D M9 AR 4 %2
CORS I 2

4 iEe] el Aol Al HolA ekt
o2 EFH o] WM FUskw Fho| TPow, e HELS
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FAL = Ao A2 AFEUES] A7t o A esioal ded
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2 s aF APl A w3 JEo] BUUE WY
of fol% FFL FAT, Wee AU(E: AT e A4 TP od 2
ANE A s AADPoR UHE EPEe] e By ole Ay A
A e ERBIMS WIBAA FFT 5 A= AIAYYY

@ L%MW AT S *ﬂé?‘ﬂ—t—ﬂ 208 43

4 42T gl @g%e. AE AR,
(b AP A

O &7] AAGHDHI e Zdol, AstE AAFT, AdE AT, =2F, A, §Hye
linear =@o] S HY.
@ &7] AACEDH I SPAD 72 cubic o] S 2.
A Red

gPrediction 250618

100 0 100 100 0
B: Green C Blue

100
B: Green C Blue
Desirability Stem diameter(bottom)
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A Red

L
'E Prediction 149105

100 0 100
B: Green C: Blue B: Green
R_Length
A Red

Prediction 0.328506

100 0 100 100
B: Green C Blue B: Green
R_FW
A Red

100 0
B: Green

100
C Blue

100
B: Green

Height(stem)
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A Red

Prediction 1.88123

9
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Em
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Stem diameter(top)

100
C Blue

A Red

Prediction 2.68708

0 100
C Blue
S_FW
A Red

Prediction 35.6439

C Blue



A Red

Prediction 14.8144

100 0 100 100 0 100
B: Green C Blue B: Green C Blue

No_Leaves Leaf_Area
a9, EFE A 23K, Desirability(A), 7] 217d_bottom(B), ¥l Zo](0), &7]

2173 _top(D), At A FE), A&H YASE), 27(G), SPAD Value(H), A<D,
FHAH.

A:Red
100

Stem dameterlbotto 250611

Rlength 149098

Stem diameteritop): 1.88144

LFW 0328475

X1 728717
X2 584551

@ X3 212828

Stem dismeteritop) O Q4

100 0 100
B: Green C: Blue

Overlay Plot

a9, EgE AA A2,

7] A7 _bottom(B), F+(DE Green Bl &o] ¥& £ & s HYS
@ T2l Zo)(O% AsHE AAFE)S Blue ¥l go] EEFEH =2 e HYy, YR

AAFE), 234G 182 930S Red BIE°] 55 =2 #

© 4xpd o] AARE 9718 Aol tsiA &= AAE AARa, 1 23 RGBHIE
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72.9:5.8:21.39 4 A& AIrt =&
® ol AFolA A ATs} £
o7} AL
EFE Go} EFE B2 AD T AYTE olgsd] EFE AAZ AT A
z

7] AACHD), AsE WA=, =&, SPAD, 4= linear

Aolgte d3E ?—i‘}i%

Fd o= AdH RIBI, R8GIBl Hl&# thi

r&f”

S)

AT 7 folH Aot AU
© 79 HElFol thg EFE HA AA AT RGBHIE 7380262014 A{ATNI} =
0}

2 A% 7eRe f714 dA24ES A% H71A V& A
(2-2) A =37 2utEFoA M9 At 5] Ak vl
b A4d 4y
O 71HuigE M9 AAEHUIES 7|84 F25t7] A 1593 AFAHAA o]
=35 PP
@ 4yl 3t A od AFS T AAR AMBFAzAYL FLsiA A IHPPFD
1 om=y
=3}

@ 0Fke] M9 AU B F 24 246cm, ¥ Dol 48cm, 4AZ 0.

©® AEFH Ao A% HA F 0273 FUEE 0%, 2-473 FUEE 80%, 4+6
—

®
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9. AE34Y AvtER M9 A FH O &5 AAe

AujE M9 ARG RO RS 248 AEFAAA 39.6cm, 2ufEZ A 20cmezE 2
=3 A ALrE M9 AR TR FojFow Fo e EAAT, EE Zol=
Z+z 22cm, 23cmO.Z Fol Aol ztolrt IS

7o ANEFZAIN} ~nEF BFE 3mmz FoZ 2 zo|rp R em, A A F
o A A7 14g, 1.6go= FoA<l Ao|7t flaL, AGH AT el
7.2g, Z~utEFNA 43g0F F2AHQN o7} AL

A=A AujE M9 AT SRS 2utEF A A4bE AT TR A
TEo| B}, 2AF AT AT AoAA FolHoE & AFS BAoH,
w2 o teiAE FYAHA Zel7t gl S

T, HEFRED 20hERCDANA AME M9 AT =
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AR AP ER vlole = A4 &>
L AR EE vlolg s AW §Y
b SEluet A drelE s FRAY 8 ARG 24
D) AR 8 FAALY 52 Bl A vrolH s el sa
(1-D AF-e T3 A} mpol ) £e)F su
© A Ae] Az FREW Fa A ANAE HgsPon, 39 T 1005 )9
of Th w2 AA AE A,
@ 24 AY D AU FF, AW, Be, AW, AF 5 50 T AS ANA, AGEs
7} 23k H mF 203 A HED.

£ 1 A3 vl BEF SuE 99 woles 44 AR A Aa

A 4 T &
AT BET ol E, AT olBE
=T A A, Y =YY

A Zd A AFeE, FAE

Ik dEH Y=g, dTH dFd
Hew A 211, Aok A

E H33}o /\]-Q_iﬂ-
ARAN S A9d A E9] AS AMVSA 7]—Zr?_ periwinkleoll %%
W periwinkle <3l 7] A=A A

3 A holel s BeF Hn

D A5 2 FAA2Y =
A Hol A (ThFA) 22

(1-2) ACLSV &3 ##
b 2 TH
O nlolg = T8 ZAFBE 1, H1DAIA FE3 total RNAE o] &35t ACLSV type &
Zl allele PCRE =333+ A3} aA type, aC typee] ACLSV coat protein FA=7} FE
ZdE AR UFE SJATH-ED.

1% 1. One step RT-PCR result with total RNA extracted
from the selected apple tree (BE H 14) using
ACLSV specific primer (1), type aA specific primer
(2), type aB specific primer (3), and type aC
specific primer (4). M: 100bp ladder.
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@ ACLSV AA A<9<L PCR =35}

Z2Y3 & ACLSV B &9 d71A4g9$
A3 371¢] ORF (RdRp, MP, CP)Z FA4=E™ AA Zol7} ¢F 7.5kbel AE g

H2).
Isolate J1 140nt 5703nt  5791nt 6769nt 7085nt 7350nt  7546nt
Isolate J2 140nt 5703nt  5791nt 6769nt  7085nt 7350nt  7546nt
Isolate J3 140nt 5703nt 5791nt 6769nt  7085nt  7350nt 7530nt
Isolate J4 140nt 5703nt 5791nt 6769nt  7085nt  7350nt 7530nt
Isolate J5 140nt 5703t 5791nt 6769nt 7085nt 7350nt  7530nt
|
i i i ! : y
e TR ] oy | (s
. 0 4! 1§ Iy A 3
5 0 ry 1 : ] ( )"‘
Yy i g |
|
ORF1 RdRp p! K |
| ]
ORF2 MP ' 1
1 :
orF3cp !

19 2. Physical maps of 5 ACLSV isolates obtained by PCR

cloning. All 5 isolates has 3 ORF;

ORF1 encodes RNA dependent RNA polymerase, ORF2 encodes Movement protein,
ORF3 encodes Coat protein. RdRp consists of 5652 nucleotides (216 kDa), MP consists
of 1383 nucleotides (50.8 kDa), CP consists of 582 nucleotides (21.5 kDa).

@ ACLSV J1, ACLSV J2, ACLSV J3, ACLSV J4, ACLSV J52 w3}
@ NCBIol| 2319 21782] ACLSV isolate complete genomes2| L3 A% 43k

h Ag A7
(D ACLSV isolate complete genomeE2 Adx A% &
g 3).

100 [ ACLSV_J2/Apple/Korea 4mm
ACLSV_J1/Apple/Korea ¢um
KJ522693/ACLSV_QD-13/Apple/China
AB326224/ACLSV_B6/Apple/Japan

100 I:JNGSMGOJACLSV_Z1fPeach/China
JN634761/ACLSV_Z3/Peach/China
= NC_001409/derived_from_M58152
' 100 | M58152/ACLSY_P863/Plum/France )
—  D1499/ACLSV_P205/Apple/Japan
AB326223/ACLSV_Ad4/Apple/Japan
HE980332/ACLSV_AC-ind/Apple/india
KX506849/ACLSV_GW/Apple/Korea
100 ACLSV_J3/Apple/Korea ¢um
100 | ACLSV_J5/Apple/Korea 4mm
75 ACLSV_J4/Apple/Korea ¢am
67 KX579123/ACLSV_38/85B/Apple/Germany
KX579122/ACLSV_38/85A/Apple/Germany
100 X99752/ACLSV_Bal1/Cherry/Hungary
100 KUBT0524/ACLSV_SY02/Hawthom/China
{KMZOTZ‘l2/ACLSV_SY01tHamhom/China
100 AB326225/ACLSV_MO-5/ApplelJapan
KC935956/ACLSV_JB/Pear/China

a8

a 66

56

00 KUB70525/ACLSV_SY03/Hawthorn/China
9 E KC935954/ACLSV_KMS/Pear/China
100 KC935955/ACLSV_YH/Pear/China

EU223295/ACLSV_TaTao5/Peach/China

NC002500/Cherry_mottle_leaf virus

0.050
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AT A3 w22 d84 BRI

Phylogenetic tree with complete
genome nucleotide sequences.
The tree was generated using
neighbor-joining method with
bootstrap value of 1000. The 21
ACLSV complete genome
sequences and 1 Cherry mottle
leaf virus complete genome
sequence as out group were
used. The red arrows indicate 5
ACLSV isolates obtained in this
study.



@ Chen(2014)3 -89 A3 A7(Choi, 2019)¢] Ao wa} ACLSV coat protein®] 40¥
I 75¥, 7990 Y] 9] olm At 23S type aAB6 type), type aB(SHZ type), 12 iL
type aC(P205 type)= T3},

@ CBI 2107§ ACLSV coat protein o}w]:4F M A3t g&r=E 570e] ACLSV isolatee] coat
protein o}u| At A E AT A3 A3} 3719 clade (Type aA, aB, aO= 783 (1
g 4).

13 4. Phylogenetic tree with amino acid sequences of ACLSV coat protein. The tree was
constructed using the neighbor-joining method, Poisson model. Published 210 ACLSV
isolates coat protein amino acid sequences on NCBI were used and the red dots
indicate the 5 ACLSV isolates obtained in this study. 3 clades(aA type, aB type, aC
type) were classified, isolate J1 and J2 belonging to aA type, isolate J3, J4, J5
belonging to aC type.

@ 5712 ACLSV 2% B W(J1-J2, J3-14-J5)< 99.7-99.9%9] %o AEA LS R,
® J1-129} 13-J4-J5%t 76.7-76.8%2) EAH S R (HD),
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3 2. Identity percentage of nucleotide sequences between each Isolates over 90% percentage

identity were highlighted.

Isolates 11 12 I3 I4 I5
Il - 99.7% 76.7% 76.7% 76.8%
J2 - - 76.7% 76.8% 76.8%
I3 - - - 99.7% 99.8%
J4 - > - - 99.9%

15 -

D A 2 FHALY 58 53 A vloly 2~ BT &R
(1-3) ACLSV CP §d% Type 7+eld 22 A2
ohn A4+ 534

O gx" ACLSV EElEe FE2o2HE 7|FAEo g #4494, ¥4 U 7d=
S o5 CP WHolA AEZ EA yobs 98] ACLSV WHolAl typed A &8

= A=A

h A3 Wy

(D 35S promoter ¥-9]= zk:= binary vectorq! pGWB-505dp &xE¥ 2z} ACLSV &7 &9
AA AEdS 23R+

@ pGWB-ACLSV J1, pGWB-ACLSV J2, pGWB-ACLSV J3, pGWB-ACLSV J4,

pGWB-ACLSV J5=& HH3H1H 24).

Q@ AzE #EA F2o F2Y LS s ACLSV specific primerg ©]§3 PCRS <
A" 25).

@ PCRAMEC] digk At 84 A & 27|15 A AT H 26).

® pGWB505-ACLSV J13} pGWB505-ACLSV J3& Z+7; aC typed} aA typed] Ulx=2 HF
3lal MNicotiana occidentaliss A% 2| EZ o] &3+

® HF 3, 57 Ao HAS g

(th A48 23

D 3, 557l HEHE AEAd F2 pGWB5S05-ACLSV J1, J3ol A stk Aol YerA &
gkom, Negative controlZ4 o]-&% pGWB505 gateway binary vector’} HEH N
occidentalis =+ A o] YERIA] &k (I E 5).

@ AgolA =3 total RNAZRE] ACLSV Eo]zx xglo]m|E o]&3le one step
RT-PCR 323, 353 HEHGNA negative controlS A|£]3F ZE 2] EA oA <F
Ae IR HIE 6), PCR SZFoAe BEE AEAdA SF =S U9 +
RO EE RNAM o3 T3S %‘ T AAJG (" 7.

@ 552F9] A one step RT-PCR &% A3, J3-491A4 677 bpel 5% 4=& &<l
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st HEZ=Ao A AAH viral RNAZF 2124 Yo o]%S =3 Add A8 &9l
AT (138 6).

-1 -2 -3 J1-4 -5 11-6 1341 13-2 13-3 13-4 13-5 13-6 - Mock

3 week
post, upper
leaves

J1-1 J1-2 1-3 11-4 J1-5 11-6 13-1 13-2 133 13-4 13-5 13-6 Mock

5 week post,
upper leaves

2% 5. No Symptoms on N. occidentalis 3 weeks and 5 weeks after agroinoculation with
pGWB505-ACLSV J1 and pGWB505-ACLSV J3. The blue boxes indicate inoculated
plants using pGWB505-ACLSV J1, the red boxes indicate inoculated plants using
pGWB505-ACLSV J3. Mock is inculated plant using pGWB505 used as negative
control.

ZaN ) SRR
4 5 6 718 9 10 11 12 13 |14 15

Inoculated
leaves at 3
week post

9 10 11 12 13 |14 15

Upper
leaves at 3
week post

23456789101112131415%

| Upper
| leaves at5
i week post

13 6. RT-PCR result with inoculated leaves at 3 week post inoculation and upper leaves at
3 weeks and 5 weeks post inoculation using ACLSV specific primer. PCR positive (1),
J1-1 @), J1-2 (3), J1-3 (4), J1-4 (5), J1-5 (6), J1-6 (7), J3-1 (8), J3-2 (9), J3-3 (10),
J3-4 (1D, J3-5 (12), J3-6 (13), Mock (14), PCR negative (15). Mock is inoculated plant
using pGWB505 used as negative control.
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8 9 10 11 12 13 14 15

% 7. PCR result using ACLSV specific primer with inoculated leaves at 3 week post
inoculation. 1: PCR positive, 2: J1-1, 3: J1-2, 4: J1-3, 5: J1-4, 6: J1-5, 7: J1-6, 8:
J3-1, 9: J3-2, 10: J3-3, 11: J3-4, 12: J3-5, 13: J3-6, 14: Mock, 15: PCR negative.
Mock is inoculated plant using pGWB505 used as negative control.

Q) U &% Al BHEo] ulo|a A~ 7+
(2-1) F8 4717 A3} nlo)g] ~9 7d A
oh 24 ‘%}‘ﬂ

D ARAR: FREL, B, 2L, AF BF, B, 2O, AREE, T2, 29
) AN L wHA ASEE CRAT, CEAFEIZ, g2, A
2 E e E A7 =8 9990A, = 12070A, AE 35870A, 74 19570419 7}

A 25 A=Buds AT

@ Hotstart 7]%5°] %38 One step RT-PCR %, o] &% ZglolHE= % 3o A

E 3 471A Fa vleld s AE 4 Zefolr] R

] . Product size
Primer  Orient. Sequence (op) References
F TTC ATG GAA AGA CAG GGG CAA Menzel et al
ACLSV R AAG TCT ACA GGC TAT TTA TTA TAA GTC 677 2002 ’
TAA
ADMV F CGT AGA GGA GGA CAG CTT GG 450 Hassan et al.
P R CCG GTG GTA ACT CAC TCG TT 2006
ASPV F ATG TCT GGA ACC TCA TGC TGC AA 370 Menzel et al.
R TTG GGA TCA ACT TTA CTA AAA AGC ATA A 2002
ASGY F GCC ACT TCT AGG CAG AAC TCT TTG AA 237 Menzel et al.
R AAC CCC TTT TTG TCC TTC AGT ACG AA 2002
ASSVA F CCC GGT AAA CAC CGT GCG GT 331 LEE et al.
R ACC GCG AAA CAC CTA TTG TG 2001
h 48 27
O F5, T A5, 4d A AT A 25 ASGVE ZAEC] wA dERon,
T 0 2 ASPVS} ACLSVS] 2 &0l A Yel&(1g 9).
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@ HAol F&2 Ao Fulo] vel}E ASSVAe A-$ 7FHELS ASGV, ASPV, ACLSVl
Hls)] =2 A Yetter, A, S5, TEoA <F 20% W AEES RAS.

FEol wWE 57 nHhol

ACLSV, ASPV, ASGV]

of ZrAdoletal Rud 2o T2 IEFEFT ATA
o ACLSV ZHE< Yehy,

100%

g AdES Aols A UEUA @skoy FHEzo] A
A Eol Mg Btk ACLSV

2o mls =

o
L -lN'
o =
m
oo

A

0%
80%
70%
60%
50%
0%

0%

20%
10%
0%

Chungbuk Chungnam Jeonbuk Gangwon

Virus infeciton rate depending on region

= ACLSV ASPV ASGV ApMV  m ASSVd

§

S0
80%

70% '

B0% | ’

5056

a0

30%

20%

- 1 I
0 B | I=0 N8 .

Fuji Fubrax Jahong Hongro

Virus infeciton rate depending on variety

3

W ACLSY  w ASPV ASGV ApMV = ASSVd

13 8. Four major virus and 1 viroid density rate depending on regional(A) and variety(B).

O APAR: FREA, G, Be AF, 5, @D, FRHEADAA F2 4712 ATE
F FA, % 1@&%}5 L CER, AR B oA
@ 99970, F 120704, A5 358704, 29 195704 2] 71X 25E Ae@ude 7

@ Hotstart 7]5©] EZ3+E One step RT-PCR F%, o] &3H zglo|m= & 3o A
h Ad 43

D Type aA =70 36.3%E 7FE wtom, type aAt type aC =E7FH o] 28.6° 2
T HAR %{—% HEE BYS(T-HI).
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@ OIQIEh type aB @574 0.8%, type aC @57+ 7.12%, type aA®} type aB T&5%
A 0.5%, 37FA WolAl FELE 0.2%=2 YEFH(IRHI).

B

A . Non-infected

Non-infected A 20.32%

4 120.32% N Not aA

\ determined

| T A 6.11% 36.32%

\ = ; aA+aB+aC

Infected y 0.20%
i aA+aC
= 28.63%

aA+aB
0.50%

1% 9. Statistical result of ACLSV infection rate (A) and distribution of ACLSV variants (B) in
the 999 apple trees collected in Chungbuk area.

g, wlelg s A%W Bl

(D) F8 A blolgl 2o g Z+ A= &8 24
%_

3
O AY R FAALY 52 T A vholH s FEFE FHG
@ ol A ANFES PCRY ELISAR FAo AE39 AE 888 vag
A=7F iAoz vro, Hiold
o

@ ELISA= PCRell wl&l] - ofek Wkg< Ho HE
2o =AY T4 BEJF $E A5 HdEo] ofHe :
@ ELISAE= PCR#} HlwE w) A8 Zu|#}A o dolwE HSslg] oL}, Alzta) vl & &
A destioer ASH=7F WobA Ak 7hA9] wpolE s HEEo= ARl
= =47 = Ae= Aed

| .

@) A} FFo) wWE ol P&
@O A B&ol utolg{zo 4

& QlEA ofRE BUs

@ EFE3 vlo)y A~ 7Y Z2A4S Ho

@ AZEE ol&3t PCR A Aol =

FEF HolH2E AT
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(3) A3 TYFEA BASE Fo AT vholP s FARG 24

|
O 1393 AIANBE o] &35t Y3 PCRESZE ACLSV, ASGV, ApMV, ASGVE #

=
~ACLSV-

-ASGV-

FE Fa
A A s tizxe 707-10
B Al S dize 731-1
C s Al dold el 1144-3
D HEA F3F 1319-54
2

@ B, C AH 2] npol

g
rl
ot

% 4. B,C A2 nlolgj o ot 7+

Infection rate(%)

Area No. of samples No. of Infection samples
B 54 49 91
C 72 61 85
3% 5. B, C AYe] 7H npolef 9] A
Area No. of samples ACLSV ASGV
B 54 4 14 3
C 72 5 2 3
3 6. B, C AHY & npole 29| A,
ACLSV+ ASPV
Area No. of samples ASPV+ ACLSV+ASPV  ACLSV+ASGV +ASGV
ASGV
B 54 8 6 10
C 72 26 2 20
o F8 A vlolE g REAATAE Y A2g 1A
() A&dol B Fo volgx 4% 2% 2 £% v
(1-D nvtol# 2~ A8 gy 9% RT-PCR =4 Hlw
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b A3 %y
O RT-PCR z=7& Hlar Two step RT-PCR, One step RT-PCR, Hotstart One step
RT-PCR 37}A] W& H|w &g
@ RT-PCR & B&& H7|¥54dA SZIWNEE vlu
@ (GS1-H5, GS1-H6, GS2-F2, GS2-F3, GS6-J8, GS6-J15) 7IAZFHE FZ3+ RNAE
template=2 o] &3}
@ 7} RNAo tjsll ACLSV, ASPV, ASGV specific primer& ©]-&3}o] RT-PCR4=3] &}
® Two step RT-PCR: HyperscriptTM RT Master mix kit(GeneAll Biotechnology Co., Ltd.,
Seoul, Korea)E& ©o]&3ta 6701¢ total RNA®} oligo dTE primerZ 314
cDNAE TS, 7|4 FA-dE cDNAE F3F o= 31 TaKaRa Ex
Taq(TaKaRa, Kusatsu, Japan)< ©]-&3}le] PCR Z%3},
® One step RT-PCR: cDNA®A #A 3 PCRAAS UrA &1 o) 5= vy
o=z FZE3% 6719 total RNAE Fgo=2 sl 2X One-step RT-PCR
Master mix(GeneAll Biotechnology Co., Ltd., Seoul, Korea)E ©]&3|
RT-PCRS <+3).
@ Hotstart 71%°] 239 One step RT-PCR: +%=3F 67§¢] total RNAS F3 o2 314
© ™ BioFact™ Onestep RT-PCR (BioFACT Co., Ltd, Daejeon, Korea)S A+&
3t PCR <=3y,

h A3 A3
@ Two step RT-PCRe #$ BE A goA ulolgl~rt ZZE AN, ACLSV Eo)
primer2 FZ3 A$ AZEE FZHE J2o 2ol7l (1Y 11, A).

2 3 45 6 78 9101112 1314 15 16 17 18

1 2 3 4 5 67 8 910 1M 12 13 14 15 16 17 18 -
—_—— e — — — b —
_\——-_—-~---

2 3 4 56 78 9 10 1112 1314 15 16 17 18

13 11. Two step RT-PCR(A), One step RT-PCR(B) and One step RT-PCR with hotstart
function(C) results using RNA extracted from apple tree with ACLSV, ASPV, ASGV
specific primer. 1, 7, 13: GS1-H5, 2, 8, 14: GSI1-H6, 3, 9, 15 GS2-F2, 4, 10, 16:
GS2-F3, 5, 11, 17: GS6-J8, 6, 12, 18: GS6-J15. Lane 1~6 are amplicated using
ACLSV specific primer. Lane 7~12 are amplicated using ASPV specific primer. Lane
13~18 are amplicated using ASGV specific primer.
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@ One step RT-PCR2] 74§ Two step RT-PCRoll H|3] FZH Wl=9] FEE Holx|A
T vl 5ol FEo o M=Eo] wk(a9E 11, B).

13 12. Two step RT-PCR(A), One step RT-PCR(B) and One step RT-PCR with Hotstart
function(C) results using RNA extracted from apple tree(CJ1-FB5) with ASGV
specific primer. 1: undiluted RNA, 2: 10-1 diluted RNA, 3: 10-2 diluted RNA, 4:
10-3 diluted RNA, 5: 10-4 diluted RNA, 6: 10-5 diluted RNA.

@ Hotstarte] 7]-s¢] 1= One step RT-PCRZ El]___E_fz
T FAHA Ftom Wiz Ar i 2 AAE EAF(F 11, O.

@ Hotstart 7]%5°] 0= One step RT-PCR 10- 477}11 31435 RNA A|87}A] Hlo|B|AE
ZEZsle], A&V St 2 RT-PCR 27 RT £ 232 RygS(19 12).

© webA], Hotstarte] 7]s©] & One step RT-PCR Z7d o] niolej2 Ao H& vy
o= .

oﬁ

S ulEolH ZEo o|F o

= 1=

@) 71, B2, €3, 5 T 24 BEALEANE blolg = AEW 24

2-D Apshp 2ol vl s AE 88

Oh 43 4H

O 25 sd71Ed 243 240] obd oA AP AAUF JHAE 438 @4
EE ot Hw, dthdaAS xdstes 7HA Ad 274, Awol e SlEY, A
gHel ofgiERe s A A2l 13), TA= F total RNAE FEHEAA=
S} total RNA F& FA2 5 404 ZA3 A
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13 13. Types of winter dormant branch Samples. The upper part of the red dotted line is
used as a sample. 1. bud, 2. rind containing vascular tissue, 3. branch end, 4.
branch middle. The samples shown in the picture is 100 mg.

@ Hotstart 7]
@ HiolH = HAE

o Ag pejatn

1% 14. One step RT-PCR with Hotstart function with ACLSV specific primer. Lane 1
assigned - result, with no amplification. Lane 2 assigned + result, 3 lane assigned
++ result and 4 lane assigned +++ result.

b A3 44

O ANE 798 A% 88&de
Aot xze x
Moz 9 379 A

2 Fo g} AF 88§ E3 Bo] =X %%

@ Hdol olg Ev(branch middle)S 28¥ o2 AthAozw HEEEo] WhSH(FE 1, 1

15).

A Hrdol A AR AT 7HA] AEe B9 HEAS9 A ACLSVdY 74

A EHBranch end)® o}#l EvHbranch middle)ol A& AEH A &2(1H 6, ¥ 2).

7’(]-0]7]- gi% W#(Bud)l“: % %

©
HJo M o
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@ A=Budo A= ASSVAE A &g 4 T7FY vtolgizddA 25 HEH. A4 =ZHRind)
84, #irol A+ AEHBranch end) 63, dtH ] ofzl E¥H(Branch middle)e] 634 <

&S S (19 16, % 4)

5 Aol 7H AEs AExA o w2 duE™, ASSVdet ApMVel A

3 4. Detection efficiencies of viruses and viroid in each part of dormant branches in early

spring.
. . branch
Sample! virus Bud Rind _ Branch end
middle
ACLSV + ++ ++ ++
ASPV - . . -
F 23 B g2~ MIASGV-5 ASGV A T n "
ApMV - - - -
ASSVd + + + +
ACLSV + ++ ++ +
ASPV _ . " .
FAZH s MIASGV-6 ASGV " + - n
ApMV - - - -
ASSVd + + + +
ACLSV ++ ++ + +
ASPV - - - -
RDA 7] 12M26-1 ASGV + ++ + ++
ApMV - - - -
ASSVd + + + +
ACLSV ++ + + +
ASPV - - - -
RDA %Z] 12M26-2 ASGV ++ ++ + +++
ApMV - - - -
ASSVd + + + +
ACLSV +++ + + ++
ASPV + ++ + +++
2 2119M26-1 ASGV ++ ++ + +
ApMV - - - -
ASSVd + + + +
ACLSV +++ +++ +++ ++
ASPV ++ ++ ++ ++
22 19M26-2 ASGV ++ + ++ ++
ApMV - - - -
ASSVd + + + +

'These samples are obtained from green house Chungcheongbuk-do Agricultural Research and
Extension Services
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23
30

25
20
g “ II |||I III

Rind branch middle Branch end

L% D o B ) |

mACISY mASPY mASGY mApMV mASSVd mZH

% 15. Detection efficiency by sum of detection efficiency number obtained by gel
electrophoresis of RT-PCR products.

1% 16. One-step RT-PCR with Hotstart function using RNA extracted from apple tree
branch at Chung-ju ochard(CJ1-FB5) with bud. P: positive control, 1: Bud, 2: Rind,
3: Branch end, 4: Branch middle, N: Negative control.

3 4. Detection efficiencies of viruses and viroid in each part of apple tree branch sampled
at Chung-ju ochard

Sampleg wirus Bud Branch end Branch middle

ACLSV
ASPY

CI1-FBS  ASGV
ApMV
ASSVd

-+ +
+ i

ok E R R
ottt E
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) 71w, 2, <3 S5 5 4 EEANEAE volgx HEW gAY
(2-2) AU ASTAE Hloly = HEHY T

b A& 9
ZE %9 71€9 A ACLSV 72 AFUE AxE 957, M), 237, 5387
47YA AN 718 A g

@ ACLSVAZ PCR3} ACLSV typeEo]# allele PCRE 83t A|7]¥ ACLSV 2 ol
U S A

@ Gel Analyzer2010aS ARg&3te] Alg¥ wl=o] intensityE &<lste] AEH w9
intensity @& EF @8t S WS A7E 2=ARER

oh A9 A3

@ ACLSV AZ PCR¥ ACLSV typeE-ol&d allele PCR =% €%7] ¥ 7187 A A=
oA ¢F 20-37%2] A= S7HE EY. WX intensity= 1.7-28] F71E H .

@ Type aB primerE ©]-&3 allele PCRoIA type aB WolAlol ZHEd MEL7}1 2o &
2% HEAN7E AgstA Bdste AL oy ey €57] tiHl 7] AlzolA w|
°k3l Wl E intensity Z71S &¢latd S (29 17).

©) 7H§‘r7l“ & A7|Rt Fijdos we AAo] ofF

EA7E 7tsEte] AE U HolA & Ho = —%é—%‘
@ ACLSV & ®HolAle] H&3st A& /sy o AAEE Aol E&3Y Ao=2 oi43

39

A
25

23
i5

i0

5 3 !
a £ | - =

ACLSY Type ah Type a8 Type aC
@ Wintering @ Flowering 8 Fruiting Harvesting

Mumber of infected samples per season

70000

50066
40060
30060
HO0e0

Total of band Intensity per season

16000 ‘
) j K.

ACLEV Type a& Type sB Type al

oWinterdng M Flowering W Fruiting Hasvesting

13 17. Changes in the number of detected samples (A) and PCR product band intensity (B)
by RT-PCR with RNA isolated at different stage of growth (wintering, flowering,
fruiting, harvesting) of 27 collected apple tree branch samples.
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gt T8 A vtole 2 HA S Y3 A

(D vlold 2~ F/E A HAEE <l

b 243 4y

@ Virus positive makerZ JHZE clone(Z1¥® 18)3 AHUEEFRE F=FH RNAS
template2 o] &3}

@ Nanodrop-2000(Thermo Fisher Scientific Inc., Massachusetts, USA)Z A #3+ 3 serial
diultionsle] 1 ng - 1 agZ7tA| 31443} template=Z AF-&§

@ A} AHGF(CII-FBD) 719 &A= FEdA F=3s9em F=3 RNAE
Nanodrop-2000(Thermo Fisher Scientific Inc., Massachusetts, USA)o.2 &3 3 100
ng ~ 100 fg7}A] 343} template= AH&-3t.

@ Hotstart 7]s©] 3% One step RT-PCRZ FZ3}

b Ad 47

@O wpold 22 FES 7M1 plasmidE A EE ©] &8 -9, violgd 2 HAESIALET &
(9 18).

@ ACLSV 10ag, ASPV 1fg, ASGV, 10 ag, APMV 100 ag, ASSVd 100fg7}A] §-¢F 7HZo] 7}
s (¥ 18).

@ ACLSV+= 270 9AF, ASPVE 20071 2 AF ASGVE 27) 4 AF APMVE 2071 4 Ak, ASSvd
2000078 JA7EA] HZEo]l H. ASSVdE =& =o|7] ¢3] PCR 3xZglo|w el zj7) ko]
L7

@ RNAE template= 3t31-= o, 100ngolA 10v§& 100fg7h#] 24 & wj, ACLSV+ 100
pg, ASPV= 100 pg, ASGV= 10 pg, ApMV+= 10 ng, ASSVd+= 100 pg7lA] 71957
e gelo] 7hsd (L' 19).

123 45678 910N

ACLSV 13 18. Sensitivity of each detection
RT-PCR method of viruses
and a viroid.(Menzel et al.,

ASPV 2002/Hassan et al., 2006/LEE
et al, 2001) PCR template
used a vector which is

ASGV cloned 4 viruses and 1 viroid
as positive marker. 1. 1 ng,
2. 100 pg, 3. 10 pg, 4. 1pg,

APMV 5. 100 fg, 6. 10 fg, 7. 1 fg,
8. 100 ag, 9. 10 ag, 10. 1 ag,
11. distiled  water  as

ASsvd negative control.
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3 19. Sensitivity of each detection RT-PCR method of viruses and a viroid.(Menzel et al.,
2002/Hassan et al.,, 2006/LEE et al, 2001) Extracted RNA used as template. 1: 100

ng, 2: 10 ng, 3: 1 ng, 4: 100pg, 5: 10 pg, 6: 1 pg, 7: 100 fg.

(2) F8 A vtolg = HA HEW AYs AT
(2-1) = ¥ ACLSV9 Coat protein 2=} ®o] &<l

b 97 w73

(D NCBI GenBankollAl AlztzRE Ez]®l ACLSV 210 isolates®] coat protein g ¢] of
Ak S theol AlFEA st 37HA typed] WHo A7 mol EA13-E (1
2 20).

@ Yaegashi(2007), Chen(2014)ollA B 1% 37}A EFY4(B6, SHZ, P205)<}t 5 &

@ 2016-2018dl ANFH AT AMZ 287) vl o= ACLSV coat protein f+3x &%
primer(Yagashi et al., 2007)Z coat protein Y92 F= %, TA cloningsle] 467 <]
ACLSV isolates coat protein o}H| x4 4 9S RS

@ 4F AT AMZA F 71A type ®WoJA L] coat protein A E ] cloning oM,
ol HIR O E F FF o]Y type WolA CP FHA7}E & 7 AU 22 el F
e EJATHE 5.

® GenBankell Sl 210 ACLSV isolatese} =u] 2] 46 isolates®] coat protein g <<] o}
ek 4EE ACLSV ®olA typed 2 dlulsE A3 40, 75, 79, 86, 98, 130, 1&]aL
137 A opr| 4k x| A typed &2 BHEEHO UaS FANE 6.).
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713 20. Phylogenetic tree from amino acid sequence of 256 isolates of GenBank ACLSV coat

3 5. List of 46 domestic isolates cloned from 28 total RNA isolated from the 28 apple tree

Type aC
(P205 type)

protein and 46 isolates of ACLSV from domestic apple trees. The red dot shows
domestic isolates. The tree was constructed using the neighbor-joining method,
Poisson model. Branch lengths are proportional to the genetic distance between the

taxon.

Type aA
(B6 type)

Type aB
(SHZ type)

samples.
No. Isolate Location Year Type Sample
name
1 Ah 1-1-8 Wonpung-ri, Goesan-gun 2016 aA Ah 1-1
2 Ah 1-7-1 Wonpung-ri, Goesan-gun 2016 aA Ah 1-7
3 Ba 1-2-2 Muji-Dong, Jecheon-si 2016 aA Ba 1-2
4 Ba 1-4-1 Muji-Dong, Jecheon-si 2016 aA Ba 14
5 Ba 1-4-2 Muji-Dong, Jecheon-si 2016 aA Ba 1-4
6 Ba 2-14-1 Muji-Dong, Jecheon-si 2016 aC Ba 2-14
7 Cha 3-2-7 Sewon-ri, Boeun-gun 2016 aA Cha 3-2
8 Cha 3-2-10 Sewon-ri, Boeun-gun 2016 aA Cha 3-2
9 Da 2-13-4 Myeongseo-ri, Chungju 2016 aA Da 2-13
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10 Da 3-25-3 Myeongseo-ri, Chungju 2016 aA Da 3-25
11 Da 4-21-1 Myeongseo-ri, Chungju 2016 aA Da 4-21
12 Da 4-21-3 Myeongseo-ri, Chungju 2016 aA Da 4-21
13 Da 4-21-4 Myeongseo-ri, Chungju 2016 aA Da 4-21
14 Da 4-25-4 Myeongseo-ri, Chungju 2016 aA Da 4-25
15 Da 4-27-1 Myeongseo-ti, Chungju 2016 aA Da 4-27
16 Ga 1-19-1 Sangdang-gu, Cheongju 2016 aC Ga 1-19
17 GS1 H5-1 Oga-r1i, Goesan-gun 2018 aB GS1 H5
18 GS1 H5-2 Oga-ri, Goesan-gun 2018 aB GS1 H5
19 GS1 H6-1 Oga-rti, Goesan-gun 2018 aB GS1 H6
20 GS1 H6-2 Oga-ri, Goesan-gun 2018 aA GS1 H6
21 GS2 H1-1 Bangok-ti, Goesan-gun 2018 aC GS2 H1
22 GS2 H1-2 Bangok-ti, Goesan-gun 2018 aC GS2 H1
23 GS2 H4-1 Bangok-ti, Goesan-gun 2018 aC GS2 H4
24 GS2 H4-2 Bangok-ri, Goesan-gun 2018 aC GS2 H4
25 Ma 1-2-1 Goam-dong, Jecheon-si 2016 aA Ma 1-2
26 Ma 1-3-3 Goam-dong, Jecheon-si 2016 aA Ma 1-3
27 Ma 1-6-1 Goam-dong, Jecheon-si 2016 aA Ma 1-6
28 Ma 1-6-5 Goam-dong, Jecheon-si 2016 aA Ma 1-6
29 Ma 5-7-1 Goam-dong, Jecheon-si 2016 aA Ma 5-7
30 tree 25-1 CARES* 2018 aA tree 25
31 tree 25-3 CARES 2018 aA tree 25
32 tree 25-4 CARES 2018 aA tree 25
33 tree 25-7 CARES 2018 aC tree 25
34 tree 26-1 CARES 2018 aA tree 26
35 tree 26-5 CARES 2018 aC tree 26
36 tree 27-1 CARES 2018 aC tree 27
37 tree 28-1 CARES 2018 aA tree 28
38 tree 28-2 CARES 2018 aC tree 28
39 tree 29-1 CARES 2018 aA tree 29
40 tree 29-7 CARES 2018 aC tree 29
41 tree 29-9 CARES 2018 aC tree 29
42 tree 31-1 CARES 2018 aA tree 31
43 tree 31-2 CARES 2018 aA tree 31
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44 tree 31-4 CARES 2018 aC tree 31

45 tree 32-1 CARES 2018 aC tree 32

46 tree 75-2 CARES 2018 aA tree 75

3 6. Conserved amino acids and position in each type of Apple chlorotic leaf spot virus.

Typel Type position 40 75 79 86 98 130 137
aA type (B6 type) S Y E A N/S T S
aB type (SHZ type) S Y S Al G SIT G/IS
aC type (P205 type) A F E I N/S S G

(2) F8 A vlolE 2~ HA A AEs A7

(2-2) ACLSV typed Eo|& HEW 7/

b |47 W

@ Allele PCR 98] ©]-&3l typed] BEHAT T & typed A= BEEHO JA &
7] ShUE ol Zglolro] 3 ‘Zdo® ujX|3le] Eo]A S R

@ zztolm] Azk: Type aA 5ol# Ztolm= F 11 AE, type aB 50]3 Ztolr=

% 30 AlE, type aC Eo]& ZglolH = 35AEES o] &3}

@ AFAS : ZF type® coat proteine] cloning® vectorg PCR F¥ o2 3lo] EolAd A

AE AN,

() d+ 23

@ Type aA Eo]7 =ZzlolME 9, Type aB Eo]z ZglolmE= 24, Type aC 0|3

azgtolw = 18Ho] 7H H2 Solde RY(Td 2D.

@ HZ A" ACLSV type-specific primerd] A gL % 79 A A&

@ type aAs} type aC WolAo thgate Zeto|ME #Hgsle] PCRS 3% § =
o ibe #¢1E A, type aA Zatoln] FERoIA Sl 7Hed ofn|inat
= 86, 130, 137" e = Z+Z} alanine, threonine, serineo] R¥E L F<lsh

@ type aC Zgolm FZ R4 22l 7}s3 ofmal x&= 40, 75, 86 o8 ztz

alanine, phenylalanine, isoleucine®] X Z%o] < 23S
o

@
rr fo

e FAHTH 22).
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13 21. PCR results (A-1, B-1, and C-1) with the designed primers specific to each aA, aB,
aC type with plasmids in which CP gene were cloned. Lane 1; 25-3 (aA), 2;
GS1H5-1 (aB), 3; 29-7 (aC) isolate. The 4th lane was water as negative control. PCR
results (A-2, B-2, and C-2) with the selected each primer-9, primer-24, and
primer-18 with plasmids in which CP gene were cloned. Lane 1; 25-3 (aA), 2; 25-4
(@A), 3; 29-1 (aA), 4; 31-2 (aA), 5 75-2 (aA), 6; GSIH5-1 (aB), 7; GS1H5-2 (aB), 8;
GSI1H6-1 (aB), 9; 27-1 (aC), 10; 28-2 (aC), 11; 29-7 (aC), 12; 31-4 (aC), 13; 32-1
(aC), 14; Negative control.

3 7. Type-specific allele primers developed in this study.

Primers Direction Tm (° C) Sequence(5’ —3’ )

Type aA specific primer F 50.07  GTG GTC AAT ATG ATC AAR GC

(GA266° F-GA587R) 58.65 ATG CAA AGA TCA GTC GTA AC

Type aB specific primer

58.53 AGT TCC TAC AAC CTG AAR TC

(GB120F-GB552R) 58.23 GAG TTT TGC CTC ATT TTC AC

Type aC specific primer

64.34 MCT GGA ACA GAC ACT GGA GG

~ | m| =~ ™|~

(GC99" F-GCA28" R) 64.27  ATR AGC TCC GGG TAC TTG CC
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A PCR with type aA specific primer
Apple tree 26 (aA/al)

Apple tree 28(a3A/a0)

Apple tree 3HaA/al)

86th

cLIKASKTITSSDPNI

L KASKTTS 5D PN

cL T KHASKETTSSDERERNI

SENMTFR .- - -

SSMTFR . . .

ESMTFR - -

130th
FTTMPEVYGSKYPEL - -

137th

FTTMPEVGS KYPEL -

L
L
L FTTMPEYGSKYPEL -
{
L

GenBank BE(AM709776) aA type M EAFRETTSSHDPRPNT SNMTRER - - - FTTMPEVYGSEY P EL -
Genfank 15 22 {TRv273465 aCtype + - L 4 K | FK T T S LDPMIMNMTFR -« - LFESTMPEVGGKYFEL - -
B PCR with type aC specific primer 40th 75th 86th
Apple tree 26 (a8/al) SLEALF AN SYGSFRNLKEVVHENLIKIFRTTSSDPENILSHN
Apple tree 2S(aA/al; -LEALFANIT PGS FENLEKEVVYVNLIEIFETTSSDPENLTLNN: -
Apple tres 31{aA/al} cLEATFANT PGS FENLEKEVYVNLIKEKILIFRTTSSODENITI NN
GenBank BE(AMT09776) ah type CLES EFANT - ST G SYNEKEVYNMIXAFRTYSSODPNIT SN
GenBank 15_22 iTxvarsaésraCiype - - L EA F F AN | - FEPGSFENLEEYVYS LKL FKTTSLRDPNIENN

19 22. Verification of type-specific PCR was performed using RNA isolated aA and aC
double infected tree with each type-specific primer (aA specific primer (A) and
type aC specific primer (B)) and amplicon were cloned and sequenced. The

conserved amino acid sequences of each clone were compared.

ol 8 AR whol® 2
() & wholgs

b 44 ¥y

DO A&

AH 2w
AE7) ATEe) A

& TR EF3)

ofo] 2uoo] A LAlEE gl - AR ATA U5 8 GUEE ALS
gRze o3 the Ut 0f 9 AYEE e YA A,

ANeEE s41x% 9 -70Cqd 23

Q@ sAAx 2 743k
AT ARE L3-8 GHESE ol &ste] AEFEH o 100 mgo] HE=% Ao
A AJ|ZE 2 mL tube(Safe-Lock tubes, Eppendorf, Hamburg, Germany)oll 23 & 5

mm stainless steel bead(Qiagen, Hilden, Germany) % 7|S Zo] Yl

mTorr 2 7AZF o] T AA %3}

AzxE A=

@ Total RNA ==

-70 CoA 6

+ TissueLyser2(Qiagen, Hilden, Germany)Z 30 Hz, 1% 30x%F v}

GeneAll RibospinTM Seed/Fruit Kit(GeneAll Biotechnology Co., Ltd., Seoul, Korea)E ©]

£

Massachusetts,

FZ3F Total RNA= Nanodrop-2000(Thermo Fisher Scientific Inc.,

USA)= g aFsto] ALg-
@ RT-PCR % #7145

T-PCR-& BioFACTTM OneStep RT-PCR kit(BioFACT Co., Ltd, Daejeon, Korea)E& A}-&

sla] 5X OneStep RT-PCR reaction buffer(dNTP mixture 10mM
HelperTM 3 ul,

ng

- 151 -

OneStep RT-PCR enzyme mix(0.375 unit/ul) 1 ul,
o]s}, primer (10 picomole/ul) Z+ZF 1 ul, RNase-free water&

each) 3 pl, 5X Band
RNA template 500
FIkste] A )&



15 pl 2 PCR ®E§H-& THE9] one step RT-PCR3) 3

ARg3E Zglolm = ACLSV, ASPV, ASGV(Menzel et al, 2002), ApMV(Hassan et al.,
2006), ASSVd(Lee et al, 200D(:E 3ol on, myddd Szt do A QAF}7{ vtoly
Hfo]2olE g 1 vAAL oAt AARE A X 47) violH 29 17] ub
o]Zo]=7} cloning® pGEM-T Easy vectorZ positive control® A3 5, 2015,
1% 23)

2 -

T7 - Nad5 - ASSVd-' ApMV - ACLSV - ASGV — ASPV - SP6

5954bp

(pGEM-T Easy vector)

1% 23. Physical map of pGEM-T Easy vector cloned 4 viruses, 1 viroid and Nadb as
positive maker and internal control. This vector developed by NIHHS in 2014. We
used this vector as positive control in every virus screening and for sensitivity
determination.

PCR #®F&& DNA #AI(G0C, 30 min), pre-denaturation(95C, 15 min) %+
denaturation(95C, 20 sec), annealing(ACLSV, ASPV, ASGV+= 60 C, ASSVd= 63 C,
ApMV= 66 C, 40 sec), extension(72C, 1 min)e& 35 cycle SI3FH L,
final-extension(72°C, 5 min)s= S & 1343}

PCR A= 392l3lr] 93 1X TAE buffer2 1.5% agarose gel2 WHE3l EcoDyeTM
nucleic staining solutions HA A&l wEl Hrbstg o, 120V, 60EC=
BIO-RAD POWER PAC 200(BIO-RAD, Hercules, USA)E ©o]&3ly ZH7|9&3 &,
UV-transilluminatorg °]-&3to FH4tE< &<13

(2) 71& A= v

b A3 %y

O ArFFEZHE E2d RNA (CARES-FB1, CARES-F10, CARES-F11, CARES-F12, =&

TH7ed W Ae 24, dYE ANsE HA. FBe ‘FA B~ | Fe= ‘A

F5& 5%

@ ACLSV, ASPV, ASSVd, ApMV E-©| primers} AEoA /|itd FL3H vlo]z
o|2olE Zglo]H(FE 8)F |83

@ BioFactTM Onestep RT-PCR (BioFACT Co., Ltd, Daejeon, Korea)E ©] &3} PCR3}

@ Multiplex RT-PCR <=3 Ao} vl w gl

g o

u

e
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3 8. Three viruses and 1 viroid specific primers developed by Bae (2016).

Virus  Direction Sequence (5° -3° ) Tm (C) Size (bp) References
F GCA GAC CCC TTC ATG GAA AGA
ACLSV R CGC AAA GAT CAG TCG TAA CAG A & 509
ASPV F AAG CAT GTC TGG AAC CTC ATG 55 367
R GAT CAA CTT TAC TAA AAA GCA TAA GT Bae, Y. S.
F ACG AAG GCC GGT GAG AAA G (2016)
ASSVd R CCG CTG CGT CAA AGA AAA AG o 202
F CTC CAA ACA CAA CTT TTG ATG ACT T
ApMY R GTA ACT CAC TCG TTA TCA CGT ACA A o 123

W 49 23
@ Bae (2016)° ofsf 7iEe ZeolwiEn $-3t HE &5 HoF (29 10).
@ 2 A7 wiwdel o3 npolel= AAAIIH 24, A7} Bae Zelolm B4 HAEH =

7t =%

@ ACLSV, ASPVe] 7 $-oli= Bae XZlo|H= HE3IA Eg Wi, BAF] miFdel <
g o REE Y ARA Hlold 25 AEFSAS(TH 24).

@ B AT mF<-S Multiplex virus detection kitRtts AZE& o] A 5 S(1
2 25).

® Multiplex virus detection kitel] o]&] mlo]z]~ tjFE-Eo] HEEA oY SZ5 DNA W=
7} oFste] AEFREo] FHFTEE AAsteT A& AFetA gL AoE A
.

13 24. Comparison of primer sensitivity using primers used in this report(A) and developed
in university (Bae, 2016) (B). RT-PCR was performed using each virus detection
primers: [. ACLSV primers, 1I, ASPV primers, IlI, ASSVd primers and IV, ApMV
primers. Total RNA extracted from trees and virus clone as control were used as
PCR template: 1. Positive control (virus vector), 2, CARES-FB1, 3, CARES-F10, 4,
CARES-F11, 5, CARES-F12 and 6, Negative control.
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P
1 2 3 4 5|1 2 3848511 2 3 4 5 -

— o
— -— - - - — —-—
s = e a
I N Miso gene kit

1 2 3 4 5|1 2 3 45 P I IOIHIHNNMN e

19 25. Comparison of primer sensitivity using primers used in this report: 1, ACLSV primer
(Menzel et al., 2002), 2, ASPV primer (Menzel et al.,, 2002), 3, ASGV primer (Menzel
et al., 2002), 4, ApMV primer (Hassan et al, 2006), 5, ASSVd primer (LEE et al.,
2001) and Multiplex virus detection kit (Misogene Inc., Daejeon, Korea). RT-PCR was
performed using total RNA extracted from trees and virus vector control: P, Positive
control (virus vector), [, CARES-F11, 1I, CARES-FB46, I, CARES-H55, N,

Negative control.

ATEE AAFEEE HH 9y 8 75 AA 243
L AAFBEEE 3 W4 8 /5 AA =43
7h AdaEe] A =3 T J1ed A

o] AbfEES 3o =F st AvE AR HZ 7T Qs 247 A
AbtE SO F8 B gsirE A

Q@ FEAA
M.9, M.26 A BEEe Ao vs] eyt vj$- Asta oFstr] wj o =3, A,

FFA WS B NS} B

@ N2AG AAL A3 AEHkD /1% 4
O A= PE L A7 AL AR BR ABENL M9 T ARIAS o8B
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P E Ay,
@ B2 A% 119 4y F BEL FA F AL ARstel BEe AN, AF B
W FHFOEH o2 B W5 % Sajus) BA sHAgee wA,
@ AH AN ARTHER ZEAN F ADH 45 AA RS 9B 2 9 o5
B e 24

L =32 714
oh A3 Ui

AFAE - MIHE), ‘T2 (H5)

3 onapge AAE diEod HAE AR HE5E
1A - Aot dE5S &L ol &5t Zehd 3 Ho|ggh
49 39 EE A2 & A3

G E(RE A3t AU=Z AAst= MATL vl8), GHAE HESF, A4
ZA}LE}

o
1o
m
¥
o,
of
]
o
=
El

GNCHEENCNG)
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GO IEE
O AR 19 A1F AT 12548 W + Ao, £He 19 E AN
62518 HET & ANE. HE FFRANA AR SHhul 80% Efo] w3
@ Al FRelA AARES HEIAD o 77.79AA A% AAH 70,0009/9007) 2.2
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KA2EE: A3 vtolgj 2~ FHESY S GAE EAAARS
1. At} wlol g2 R H] S dAE 54
7h =W F AR U 5] bkl 2~ 2
(D AR mlol2f 2 AR A
b 243 Wy
O AFAR : 78 FF9 307(FED
3 1. Location surveyed for apple viruses and viroids in Korea.

Area Orchard Variety ?erfo.rmance
in this study
A AT
B A&
Gangwon  Jeongseon c EE ]
D $A, FE
E A
Chungbuk  Danyang F A, T2
G 34
H 3.7 Virus status
Chungnam Yesan I $A, = investigation
J A
K &
Jangsu L o2, T2
M SR ZHE A T2
Jeonbuk N EREA TN
Muju O FAZTHgx T2
P FAZHg T3], AF

@ HAW . vpoly 2 4F5(ACLSV, ASPV, ASGV, ApMV), Hio]Zo]= 15(ASSVd)
@ RNA FZ : GeneAll9] ribospin total RNA isolation A< o] &3l F&. AAH
ZREEZY Fito FE2o YT

@ cDNAgA % PCR =% : @ntron®] ONE-STEP RT-PCR Premix kit #| &2 o] &3}
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cDNA ¥4 % PCR ZZg sPsisien, oled
szglol e} PCR 24L& 2 FHsdS
3 2. List of PCR primers used in this study.
. Product
Primers Sequence (5” -3 ) ) References
size (bp)

ACLSV-F  TTC ATG GAA AGA CAG GGG CAA

677 Menzel et al., 2002
ACLSV-R  AAG TCT ACA GGC TAT TTA TTA TAA GTC TAA
ApMV-F CGT AGA GGA GGA CAG CTIT GG
450 Hassan et al., 2006
ApMV-R CCG GTG GTA ACT CAC TCG TT
ASPV-F ATG TGT GGA ACC TCA TGC TGC AA
370 Menzel et al., 2002
ASPV-R TTG GGA TCA ACT TTA CTA AAA AGC ATA A
ASGV-F GCC ACT TCT AGG CAG AAC TCT TTG AA
273 Menzel et al., 2002
ASGV-R AAC CCC TTT TTG TCC TTC AGT ACG AA
ASSVd-F  CCC GGT AAA CAC CGT GCG GT
331 Lee et al., 2001
ASSVd-R  ACC GCG AAA CAC CTA TTG TG
3 3. PCR condition for synthesis of cDNA and then PCR amplification.
Steps ACLSV ApMV ASPV ASGV ASSVd Cycle
cDNA .
. 55C for 30 min. 1
synthesis
Initial .
) 95C for 10 min. 1
denaturation
Denaturation 95C for 40 sec.
) 60C for 40 66T for 40 60C for 40 60C for 40 63C for 40
Annealing 35
sec. sec. sec. sec. sec.
Extension 72°C for 40 sec.
Final )
] 72°C for 5 min. 1
extension
) Ad 23
O A4 vlol g

2 7+
o, A

B, 3R, S A 167 AU E IR wolel s o wolRol= 559) 1

24 A, A4 wolels 9 vlo|RolE 8L 97.3%% e TR

10

S0 Aenl, AEGA WE B L 27% A ASE R
dfolel @ ulo]ZolE F

ASSVd 6.7%, ApMV 3.6% <=

:\mf‘

2 ASGV7E 718 =gtoml, ApMV7h 7HE sk
=

1 o

7
=
Zas:

5).

H S-S ASGV 93.4%, ASPV 85.7%, ACLSV 59.0%,

Hiol2ix 8l mpojzo|=of ©@E e B9 Z4E A 2y, "ol Bl HiojRol&

& 15T ZAEE BlES 124%%°0H, 2F ol %@ 7 HlES 84.8%=E
7ol vgo] ©E Zhol wlsl of 7o E=SkS (3 6
@ Apple chlorotic leaf spot virus (ACLSV)
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ACLSVY] A= ZEEL 59.0%H oM, A4d

EXA, AE FFAHo| 45%=E 7 e Y

FAd¥EZ B 100% g 23 ol 6.7%° TEES EHQ Aol M e

o2 ZAEO At ¥ =

Y A YA T2

ACLSV+ 19599 wl=r9] Abgu}bi-
o, v, A5, A, AT & 7Y (Lister, 1970; Neémeth, 1986).

ACLSVel = H thF-E9 AL FF2 30~40% &4do] EAstH &2 80~100%

7FA] B35 (Nemchinov &, 1995; Wu % 1998; Cembali 5, 2003).

ZAA I ACLSVE] A= 82 59.0%= 80~100%01 W)X #] EFX|uF dE AL3t<d 9

ZaEo] 80% ol o R ZAEOS % THHEo] S ¥ Hobd JlsAdol v AL

2 Ao,

- ACLSVel o ‘32’ {4 545 vlug 2439 FHE i}ol% EOW °}9&%
R0 AL FFANA F4o] & UehuA] &
o 4 9= k(Németh, 1986)= A} FYUs
ol YetA g+ FF Fol st A

2 BRyE9omBurnt 5, 1996), A3},

10 >
L
o

@ Apple stem pitting virus (ASPV)

-+ ASPVE] Zd A& A AIHRE D), AA AHee
99.7%= &0l M woH, AE FFAHL 69.9%% A4
AGEZ B A4 1678 At F 770 Akbd& ASPVel 100% 7
S A F 5 den, yHR AAEE dnke] dA o] Ho] ASPVY 7 &e]
Aoz ez vg A3 Aoz A,
53] ASPVi= ACLSVSF ASGVel @7 &3t Ad== 4-%7F B2tl(leone et al,
1998; Wang et al., 2010; Ji et al, 2013), & AFoNA = 3F<| nielejz~rb B3 4
H A9E 56.2%E A F49 Adk o]ito] ASPV, ACLSV, ASGV 3%d E3 7+4
=)

ASPVOl )% ‘g’ Ezo WA SHE AZHA e ATl wasie] ol
b Qe Aoz vehgtse, ol ASPVE UWHQl A EEo] A% 7+

85.7% §1, =8 TFx o AL
3 &0
[ e:]

/ol & YeuA FARE Eé}%oﬂfﬁ—‘: Hiolg 20 Fdo] AT
(Yanase et al, 1990)+= ZA¥e} vjws] & v ‘32’ = ASPVE F4o] ey &
Nidas

L EF Fol sl Zlow

5
oX,
rO
N

@ Apple stem grooving virus (ASGV)
ASGVE B A7 Z=AF iRl mleld) 2 g Hpo]l2E 5F FolA 7MY =2 AEE
< HQl vlo] 22 AA FEEL 934%F=GE D).

3] A i 1671 Ar & 70 AR 100% ZEES ERom, 100%7F obd
4= 45\_ Zddgol 50%7F dol A=A o=z on E}% AP A E o Q=

>
>
_E
n
f

ASGVAl ol@ FE' FEel B4 54 AT} 2 Aol 7} ¢

rlo

AEHA &

rlo
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= Ao AW, ASGVE Be Al EZoA 24¢ molA @ouy, £% ACLSV,
ASPVEl @7 wbstel A4 2 AAE 49 o ozithCampbell, 1963 Ao}
MlwelY cFE' EES ASGVE F4bo] UEIA @k £3F F s} wuhd

® Apple mosaic virus (ApMV)
ApMVE AA TFEEL 3.6%=E B A7 thd violgl2 9 nlo]|2ole F &)
7}78 ‘;%9}8 (% 9. 1670 At 5 1070 b9 A& 0% A= Yeyte
P s7ke] ‘A%’ FFTLS AQdstE A 7 ZEEo] 10%S 9A &k
Petzik and Lenz (2011l w2 ApMVE 5 ACLSVS} ASPVe} $H7 2AS 3hA| vk
24 HEs 4 Hua Busged B AFoAE ApMVZE ACLSVE ASPVe}

53 e A7 gkern, reRI== ACLSV, ASPVeF Bt o FH3ls.

ApMVE 29 AL FFolA S % Holx] gon, dF 44 FFolA A9
AS wet €2 =g wo] B Ao g whyol Ay, 27 9y HIIE 3o
31 BauEo] ¢l (Fulton, 1972; Svoboda and Polak, 2010; Dursunoglu and Ertunc,

2008), A& FF2o P w7t ‘AF FFO ApMV AEFE oz SdREA
& A3 4ol UEhA &9k

3 4. Apple virus and viroid infection in Gangwon, Chungbuk, Chungnam, Jeonbuk.

Area Ochard Variety ACLSV ASPV  ASGV  ApMV  ASSVd No*
O O O - - 23

O 0 - - - 1

A & O O O O - 1
- ) - - - 1

- O O - - 4

) ) O - - 29

B akd 0 0 0 - 0 1
) 0] @) - - 9

. @) ) @) - 1

c # - 0 0 - - 19
- O O - O 1

_ O O @) - - 29

o= - O O - - 1

Gangwon Jeongseon O] ) O - 0 11
O 0 - - - 1

A O O O - - 2

- ) @) - - 7

- O O - O 9

- - O O O 1

O - O - - 1

D 0 0 - - - 1
O O O - - 7

e 0 0 0 - 0 8

- - O - - 7

- - 0 - 0 1

- @) O - - 2

- - - - 2
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26
25
11
10
23
23
21
26
17
11
27
30
20
10

Al
Al

A%

Jangsu

Chungbuk Danyang
Chungnam Yesan

Jeonbuk

<]

;oT
X
_on
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@) ) @) - - 3
@) - O - - 1
) - O ) - 1
@) ) - - - 1
O O O O - 1
- - - ) - 1
- - @) - - 8
- O - - - 4
- ) @) - - 2
- - - - - 4
- ) 0 - - 1
@) - O - - 2
FAFHEG - - o) - - 16
- O - - - 1
O - ) @) - - 10
O O O - - 24
T2 @) ) @) - 1
- 0 0 - - 5
- 0 0 - - 1
_ O O @) - - 15
F 0 0 0 - 1
- O O - - 13
- ) @) - - 1
p O - O - - 1
A= A= e O O O - - 4
- - @) - - 17
- ) @) - - 7
@) ) O - - 8
A& @) ) @) @) - 20
- O @) - - 1
ACLSV, Apple chlorotic leaf spot virus; ASPV, Apple stem pitting virus; ASGV, Apple stem grooving virus; ApMV,

Apple mosaic virus; ASSVd, Apple scar skin viroid.

aThe number of infected tree.
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3 5. Infection rate of virus and viroid infecting apple tree.

infection rate(%)

Area Orchard Variety ACLSV ASPV ASGV ApMV ASSvd ND
A 245 83.3 100 93.3 0 3.3 0
B 2% 100 100 96.7 0 3.3 0
A 33.3 100 100 3.3 3.3 0
GangwonJeongseon ¢ =2 96.7 100 100 0 0 0
A 46.7 100 96.7 0 66.7 0
v = 60.0 60.0 90.0 3.3 40.0 6.7
Average 70.0 93.3 96.1 1.1 19.4 1.1
E *3 93.3 100 100 6.7 0 0
A 83.3 100 100 0 0 0
e pamang 3= 60.0 96.7 100 0 26.7 0
G 7 76.7 100 100 0 0 0
Average 78.3 99.7 100 1.7 6.7 0
H 7] 80.0 100 96.7 0 0 0
7 30.0 100 100 0 0 0
Chu;gna e I 3z 86.7 100 96.7 0 0 0
J A 23.3 83.3 100 0 20.0 0
Average 55.0 95.8 98.3 0 5.0 0
K A& 36.7 56.7 70.0 0 0 23.3
2 90.0 100 100 0 0 0
Jangsu g =2 100 100 100 0 0 0
FAFBgA 16.7 46.7 56.7 0 0 20.0
. = 26.7 96.7 90.0 0 0 3.3
Average 53.7 79.9 83.2 0 0 10.1
FAFH 20.0 66.7 90.0 0 0 0
Jeonbuk N
245 36.7 36.7 53.3 10.0 3.3 13.3
FAFH 6.7 40.0 96.7 0 0 0
Muju © =2 83.3 100 100 3.3 3.3 0
A 53.3 100 100 3.3 3.3 0
P FAFat~ 16.7 43.3 100 0 0 0
5 96.6 100 100 69.0 0 0
Average 44.5 69.9 91.9 12.0 14 1.9
total average 59.0 85.7 93.4 3.6 6.7 2.7

ACLSV, Apple chlorotic leaf spot virus; ASPV, Apple stem pitting virus; ASGV, Apple stem grooving virus; ApMV,
Apple mosaic virus; ASSVd, Apple scar skin viroid; ND, not detected.
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® 2-2-6 Apple scar skin viroid (ASSVd)

ASSVAe] A= e 6.7%2 tFE2 AbgddA dEol %oy, Aol D

s7kel A% CFAT 667% CFRT 40.0%2 THEl

ASSVAl Al fe@ 2ol ZFolAd AAE He AIHL 71
sekgol weh ASSVde] A tE F7h At ey Rew
o
N

ASSVdE 7159 <3t Hdo mxtol=, 71¥ T WAL

o]oj A =d|(Hashimoto®} Koganezawa, 1987; Zhu, 1995), & <39
UFEFUA 9b9kel ACLSV, ASPV, ASGVSH =g shale] RA¢ =7]7}

A= S/ (E 7.
A

of dFEEL WA WF FHFol| Z=2=a3t S
N
=

L s

TS THE D.
B

R

2
b

13 1. Viroid-infect(left) and viroid-free(right) of apple ‘&=’ .

3 6. Virus single and mixed infection rate.

ATolA -

single mixed

Not detected

Infection rate(%) 12.4 84.8

2.7

3 7. Changes of fruit characteristic of ‘Hongro’ by virus.

Virus Weight Width Length Hardness Sugar content
@ (mm) (mm) (kg/ @ 8mm) (° Brix)
ACLSV 220.2+276  a° 79.8+3.9 ab 72.8£2.9 ab 4.2+0.3 b 16.6+0.8 a
ASPV 224.4+206 a  825+45 a 72.1+3.7 ab  4.1+04 b 16.7+0.7 a
ASGV 213.3+273 a 792445 b 70.6+5.1 bc  4.2+04 b 16.4+1.1 a
ACLSV,
215.5+33.5 a 81.4+5.0 ab 71.2+3.9 abc  4.1x0.3 b 16.2+0.8 a

ASPV, ASGV
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ASSVd 195.1+325 b 75.1£3.8 C 68.7£3.9 c 45+0.3 a 16.6+1.7 a

Not detected 231.3+31.1 a 81.9+50 ab 73.8£5.1 a 4.2+0.3 b 16.6+0.8 a

Means within column with the same letter are not significantly different at p=0.05 according to
Duncan’ s multiple rage tests.

3 8. Changes of leaf characteristic of ‘Fuji Fubrax’ by virus.

10 leaves etiole etiole leaf

, , leaf length leaf width © P , leaf area

Virus weight length  diameter thickness 5

(mm) (mm) (cmd

(@ (mm) (mm) (mm)

ACLSV 7.4 ab 82.9 ab 526 b 25.4 a 1.33 ab 0169 de 331 a
ACLSV, ASGV 5.9 bc 69.8 e 437 ef 24.2 a 1.31 ab 0236 a 225 d
ACLSV,ASPV, ASGV 6.7 b 79.3 abc 48.9 bc 316 a 1.32 ab 0197 ¢ 284 b

ACLSV, ASPV, ASGV, ASSVd 6.4 bc 76.2 bcd 484 bcd 259 a 1.28 ab 0164 c 28.0 bc

ACLSV, ASPV, ASGV, ApMV 5.9 bc 773 abcd 46.9 cde 274 a 124 b 0188 od 253 cd

ASGV 6.8 b 75.7 d 48.6 bc 24.6 a 1.35 ab 0.216 b 27.5 bc

ASGV, ApMV 5.2 bc 71.9 de 443 def 246 a 1.03 ¢ 0164 de 239 cd
ApMV 41 c 68.1 e 420 f 21.7 a 0.81d 01 e 20.8 d

ASPV, ASGV 94 a 80.1 ab 474 cd 29.0 a 126 b 0.200 ¢ 27.9 bc
ASPV, ASGV, ApMV 6.4 bc 84.5 a 57.7 a 29.9 a 143 a 0187 od 36.7 a
ASPV, ASGV, ASSvVd 5.9 bc 75.7 cd 48.1 cd 26.0 a 1.31 ab 0187 od 26.0 c

3 9. Changes of leaf characteristic of ‘Jahong’ by virus.

10 leaves etiole etiole leaf

, , leaf length leaf width  © P , leaf area

Virus weight length diameter  thickness @

(2 (mm) (mm) (mm)

ACLSV, ASGV 8.46 ab 83.8 ab 459 ¢ 30.8 a 1.27 bc 0235 b 26.6 bc
ACLSV, ASPV 701 b .7 ¢ 46.8 ¢ 28.3 abc 121 ¢ 0.230 b 24.3 ¢
ACLSV, ASPV, ASGV 7.95 ab 838 ab 49.1 abc 28.6 abc 131 b 0.229 b 289 b
ACLSV, ASPV, ASGV, ASSVd 834 ab 886 a 52.7 a 26.7 C 1.29 bc 0.209 b 343 a
ACLSV, ASPV, ASSVd 835 ab 84.4 ab 52.1 ab 30.1 ab 1.46 a 0.230 b 289 Db
ASGV 852 a 821 b 46.3 c 26.8 C 1.60 a 0.264 a 26.8 b

ASPV, ASGV 879 a 853 ab 48.3 bc 27.7 bc 147 a 0.275 a 285D
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3 10. Characteristics for the nursery trees of apple cultivars used.

Manufacturer : Apple cultivars  Purchase Purchase
identity (ID) Location Root stocks for scion year  nation
A Chungbuk Okcheon Dongi M.26 double grafting T2, 57 2000 Italia
B Chungbuk Okcheon Iwon-1 M.9 own root T2, 57 1995 Italia
C Chungbuk Okcheon Iwon-2 M.9 own root &=, Mishima %3] 1995 Italia
D Chungbuk Okcheon Iwon-3 M.26 double grafting T2, 34 2000 Italia
E Chungnam Cheonan Seonghwan M.9 own root T2, 37 2000 Italia
F Jeonbuk Namwon Josan M.9 own root T2, 37 2000 Italia
G Gyeongbuk Yeongju Bonghyeon-1 M.9 own root S =2, Myanmar X 2000 Italia
H Gyeongbuk Yeongju Bonghyeon-2 ~ M.26 own root &2, Myanmar %32 1995 Italia
[ Gyeongbuk Yeongju Bonghyeon-3 M.9 own root T2 1995 Italia
J Gyeongbuk Yeongju Buseok M.26 own root T=Z, 34 2000 Italia
K Gyeongbuk Mungyeong Mungyeong  M.9 own root S =, Miyabi %3] 1999 Italia
L Gyeongbuk Mungyeong Yeongsun M.9 own root =2, 37 1995 Italia
M Gyeongbuk Gyeongsan Hayang M.9 own root T2, 33 1995 Japan
N Gyeongbuk Gyeongsan Jillyang M.9 own root T2, 33 2000 Japan
O Gyeongbuk Uiseong Bian M.9 own root T2, 57 1999 Italia
P Gyeongbuk Cheongsong Hyeondong  M.9 own root 2, v|eku} &2 1995 Italia
b S FF AU giE vole 2 7 Al 24}
@ FW %5 AR 55 volx THE 24
b 23 W
O AR Ak BR Y2 5 1648 (32 4 39 L AR 1 42 1004 7A@
RE 238 BRACE A
3 11. Characteristics for the nursery trees of apple cultivars used.
Manufacturer : Apple cultivars  Purchase Purchase
identity (ID) Location Root stocks for scion year  nation
A Chungbuk Okcheon Dongi M.26 double grafting =2, 37 2000 Italia
B Chungbuk Okcheon Iwon-1 M.9 own root T2, 37 1995 Italia
C Chungbuk Okcheon Iwon-2 M.9 own root $ =2, Mishima %X] 1995 Italia
D Chungbuk Okcheon Iwon-3 M.26 double grafting T2, 3 2000 Italia
E Chungnam Cheonan Seonghwan M.9 own root T2, 57 2000 Italia
F Jeonbuk Namwon Josan M.9 own root T2, 57 2000 Italia
G Gyeongbuk Yeongju Bonghyeon-1 M.9 own root S =, Myanmar 3] 2000 Italia
H Gyeongbuk Yeongju Bonghyeon-2 ~ M.26 own root &=, Myanmar &% 1995 Italia
[ Gyeongbuk Yeongju Bonghyeon-3 M.9 own root T2 1995 Italia
] Gyeongbuk Yeongju Buseok M.26 own root T2, 57 2000 Italia
K Gyeongbuk Mungyeong Mungyeong  M.9 own root &2, Miyabi +X] 1999 Italia
L Gyeongbuk Mungyeong Yeongsun M.9 own root T2, 34 1995 Italia
M Gyeongbuk Gyeongsan Hayang M.9 own root T2, 34 1995  Japan
N Gyeongbuk Gyeongsan Jillyang M.9 own root T2, 37 2000  Japan
0 Gyeongbuk Uiseong Bian M.9 own root T2, 57 1999 Italia
P Gyeongbuk Cheongsong Hyeondong  M.9 own root &2, Myanmar ¥# 1995 Italia
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s A oo, ASPVe THEL 81.3%% 2.
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EE o] OF HelElz A AdE E 1

& tiaiA= A, D-F, H, J, K, M, O, P 107} &< o=l ACLSV, ASPV ¥
ASGV ol ¢z Et} d=o] 2, B C 2 G 37/ w99 e ACLSVe}
o=

ASGVell, 1 9] tiZolE ApMV, ASPV 2 ASGV o, L 92| &l ACLSV,
ApMV, ASPV B! ASGVel, N &91e| thEoli= ASPV, ASGV B ASSVdel %3 7w
AFe] Q.

thEol A ACLSVSH ApMVi= Z+2 87.5%9h 12.5%7F 245 QT ASPVS} ASGVE 72

81.3%2} 100%7F 9= oy, H}Ol o]=<l ASSVA%= N FolA <Al .
Kim et al. (000 A} ‘E2' EZo|A 3 4ol Wi 12% FEolw F
9191 ACLSVZE 100% AZHAATGT & AAD 2 U AL & Aol
ACLSV ZedEo] 100%¢1 A3t AXste] ACLSVS 7l A=7F tiFE 79
BEol A feldti Bo.

r&’ﬂi Fo

@ FA W ohmo]l FFONA wholy 2z 7
AF 157 AN TUE A CFAT L FA opxwol EF U@
dholEl s ) o B & 120] e

3 12. Infection degree of viruses on the nursery trees of both apple cultivars ‘%%’ and
the bud mutation of ‘%X%]* by RT-PCR.

Manufacturer ID  Classification ACLSV ApMV ASPV ASGV ASSvd
A Scion - - + + -
Root + - + + -
Scion + - - + -
B Root - - - + -
C Scion + - + + -
Root + - + + -
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D Scion + - + + -
Root + - + + -
B Scion + - + + -
Root + - + + -
P Scion + - + + -
Root + - + + -
G Scion + - + + -
Root + + + + -
q Scion + - + + -
Root + - + + -
Scion I
I
Root T
] Scion + - + + -
Root - - + - -
K Scion + - + + -
Root + - + + -
L Scion + - + + -
Root + - + + -
Scion + - + + -
M Root + - + + -
Scion - - - + -
N Root + - + + -
0 Scion + - + + -
Root + - + + -
p Scion + - + + -
Root + - + + -
R e oy e 86.7 0 86.7 100 0
Ratio of virus infection 86.7 6.7 93.3 933 0

by root (%)

A5 B2l ol e

2 B9 39 AEE Aozt Ao A A ASPVS)
ASGVel &3 7= dar B =
HSE

=92 ACLSVS} ASGVel, C-H, J-M, O, P 127] s9<
ACLSV, ASPV 2 ASGVell B3 7td=l9lom, N sde ASGVel ©% 743,

4ol A ACLSV, ASPV 2 ASGVel gt Zrd&e 77 86.7%, 86.7% 2 100%E
2T ApMVe} ASSVdel 7ﬂtﬂ 7eE Fde gL

= A ACLSV 9} ApMVell g &S zHZ 86.7%9F 6.7%0]A3L ASPVS}
ASGVel| 93 &S B 93.3%01%1.om, ASSVde] 7d® 9o 3

nR

KN
| .

f‘l° 20

Ho et al. (2010)2 w4 ASPVe} ASGV == ACLSV, SAPV, ASGVel <3+ =3t
FHAEC] 22.7%0lUvt Bk AXHH ACLSV, SAPV, ASGVe <3 3% E3t
dEo] 81.3-93.3%% HE2HY.
Han et al. (2015 S5, 39, A& AtgpdolA ACLSVe} ASGVe| 93 2% E3§
do] 3.1%2F sFH L Park 5200602 19.6%ct1l 3t =, ZASE HEAM= o=
ZAHELS 100%01014, F7tel O B 9 2 &48 29 /s w2

>}L _liﬂ:n
om,;

o2 He
Kwon et al. (2002)o W=, AtFdolA 714 A7 & FsE oFr|st= ASSVd7y
AEI AR BAHYT H RHoz FiE zolztm FPd, N F oA
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olsh e ANE T BV HolH vt ol AT BF gl Y AL
% A BT Mol o ATl BgAcl 98 AR 7 Mol
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2 nolok AT 184 ULS.
webA A3k Aol glel HA mpelg s FAgol 9] WHAA Yt F B 2
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(2) ATIT B9E npolg s g £
ATR- 29 mtolg s 8l mpolRol= 7 oRE 24 ¥ A3NTable 13), 79
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4G o 66.7%% ATAE wt wlolgzvt o]F T 4 YE Ao B, F

S nlolgl 2 Y o] AFA = £ F A=
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3 13. Virus infection by apple tree part.
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20183 th®] 280ha=

[e)

T

9k 8,600 =121

3k 50

7}+g

=

(Wb 20193 Ak A ejE A



3. 20161, 2017 AR AL A

T5 A v @ & (ha) ©4=(kg/10a) AAHE B)
20173 33,600 1,648 553.6
2016 33,300 1,731 576.4
B 31,019 1,633 514.9
A diu 0.9 -4.8 -3.9
FE%)
Hd o vl 8.3 0.9 7.5
A S EERAALTYE FHASER, AdB=LH A5 AUE
3. 2016,2017d A €¥E =i7A )
(<] ¥/10kg)
74 8¢ 9¢ 10¢ 11¢
T&
272 z= 3% A
2017 28,059 30,613
20163 23,570 25,100 24,045 32,457 23,280
B 33,060 26,620 32,228 33,929 26,350

*EA A F

@ = Hd2 2012~2016194F 7H4 F Hu), 2

(th 20203 Abat A= A2 3uk 2.816ha® 2019 thH
2R %o 4EsHWA 16% F7HeHAT, &
A5 B HAo] Mol 56% ad AoT oA,

(D) =3k 20199 AR gk, AAdwFe]l Adoiul 22 7%, 8% STl AqEE G|
o] 0.4%, Z=HHo] 0.8%, o] 2.2% 7+ASA T, 7Y - A7) ALEe AQujx] EA 74
A= Ao HEAY 2P T2 44%371E A2 Y.

(mh) AAAH O Z A S A AAS A YFES BolAE FAR Y,
o wel AuEA oy Aol Eolop Rz UlYr|&Ee FHE ORI Ve
AuiE Aol W2 Fe fla, volE 2~ FEETE AY gle A BERoE Ayt
3 Jbeel &% AWAE R Jled Aow JdE.

(p) 5oz I HEN JH FHFAAFTNA 2016 5€ol LRI ‘v FHE
Ak 55 A4 o2 4%0 B33 FHE THES 20259714 80%= 3
ez S 24% = Ftyd BAYS 3 GA Edues FE2E AR
ow, FF FHE Aol 8T AoE o
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. 202597kA] FRE TEE AL A
T8 2015 2020 2025
THE 5% 3.8 30 80
A %) 100 109 124
FHE A4sH (%) 60 - 80
2% AA(ESE < ha) 153ha(240%t ) - 200ha(320%9F )

FEA FHSAAER, Hetolsi s FRE A AT 243 AR, 2018.09.

() BEATASFB GO WEDG AT whEw, 20209 A3} Aol 607 Eo=
ddEn, 7 T FHE F92 3%z 20209 FHE ¥ FHEH o= 189 E A
o

7} PR AL FAT 0% o
(o) 7 9 FFHEAAATANA 2019950 W 2018 A F&HPEEA BART
Aol w2, fEele] Folshe WY 19t AR ARl 253%F AX T 2

O mE —”F"é% A AR 24

@O 71e7ide] d5d AF &3 Aol Bsintd AP EH AHE ol &t WEF
4 sk= Ao 7hsstnh A EA A3, o) AAAEA 4l te £4 3 oAl F
o] &3 bl theh HukH <l HFIPIE o] FoARA W AR B AIFHFE £H= F
&l WEFAol ZhestH, ARAHFEHA AT MEd FAHLS AR AFEH= Al

@ AR A e o AF B AREAN A4S Fte] oA, A RE
21(

o Aol BB ANEAZE, BH, FA DT B AN, AFEF A
A $)e Awos FHo| 5.

@ Wb ofdldldE Aed 4 At ARe 24 U s AR FRE EU A
ARFee TSl B YT,

b i 71se] FEAR R
O =24 FAAH
e AA FAAA FEE 2017990 6219 ZEollA 20190 = 6989 EHE 7|EP o,
20210l = 7849 2Efell A 20230l = 860 EElel o]E Zo=E HH.

D ARARGSH G or 207 48
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g FEXNEH w2, T 519(2014~2018) I+ o] AFI FA ZLEE 590
o o Eg Aoz BMEI A} v FA AFE

@ 5 FEAR
@ = FH FEREIAGTEES 2015900 = oF 4809 o R4 2017d o= 618<]
Ao F7kske] 20152017474 A% AFTFRIF St F.

%, 7Y JFEEE) AT E2015~2017).
(21 o 9, %)

TE 2015 2016 2017
=u AlA 480 570 618
*EH: FEHSAEE, Agnto)ly s FHE LRSS SA43E A, 2018.09.

3. 202597HA FHE FEE AL AS.

T8 2015 2020 2025

TRHE Fa(%) 3.8 30 80

A (%) 100 109 124

FHE Y (%) 60 - 80
2R WH(HEHE 4 ha) 153ha(240%F ) - 200ha(320%+ =)

*2A HFAAAEFS, dvtele] s FHE A RS 43 AR, 2018.09.

@ Y FFHELS FE A TE YFE AZF 500~700% F7F AR I 9lon,
1 Z 9F 200~400%F F7F FE=H F 60%7F FEEIL 40% == AMAYLE 5 oA
AHQ 5o FHa Y= Ao FHH

i AHFED) SEEDAGS] BERYFgA AN A4S

2015 #FE FHE
sEH Ao o
FOE IHITAYY TAY TEUA Y AR WEH, 4947042 2011 F-H
TES SR Ao #4449,

Q@ Ab} FHEE A

@b AR

- AAAZS A AuiE AL S npRAA R F0

° =Hu H %

w3 Fol 51 e A

Q= FAloIH, AWHSF

< 2015l 10%° 41 2019



CAGR
T 2015 2016 2017 2018 2019
( ‘15~ 19)
Al A A4 ha) 4,516 4,475 4,434 4,393 4,353 -0.91%
T(H F) 651,461 635,595 659,783 624,025 618,319 -0.91%

THE HFE%) 10% 12% 14% 16% 18% -

A FHSANEE ATEIAM AL, 2017

- AA AT TR AAe 201596 32079 AolA AW YAE 15.77%F 7155
201990l = 55659 A 71SH Aoz BT T AF =3 201590 99 ¢
oA 20190l 449 Yo 2 2018 d=HEH A F7Fsl| 48.70% A A= B4
=)

S AA AR FHEE ARA A Br|et £, 4B S AQEtH TR ok
MAAR] Fo& 8% AEZ FH4.

A A vEgE, dE, fl=, 95 Y HAHEol & ZAo=E EA4HH,
UPOV(the international Union for the Protection of New Varities of Plants: =#|A13%
T B3EW) 7S 5 HIAE A3 FEIZ|sY B 9 dF B3 AR
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TUHAIFS] FHE HAFE&2 2015de= ¢F 3.8% Eglont, 2018 10%°l A
201996l 20%7H4 Z7hstel A& 2 AFTFRE AL F/4E ZoE AW
=g Sl AE BF 2025900 S9) AAREE, A8, 92, dLd)s 2ol
Fol AN THE AAE TS n FYH A5 BE F TP} 80%01F FF

He 7Ee 2ol 35T A¥d.

ot

AN D WA TR AT

(&9 o 9, %)

T 2015 2016 2017 2018 2019 CAGR

( “15~* 19)
AA A% 3,207 3,814 4,618 4,992 5,565 14.77%
= AR 9 9 9 22 44 48.70%

A THSAAFE HAFERILA Fa, 2017
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GFEEE AT AR AYE B GulE FE 0159 A EOF 2020874A o
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. /MEEE 3 5z #AH AR ik AAHFE 2 uE F
20209 20214 20224 2023 20243
FIF TEAF
AT E(G ) 832 901 970 1039 1108
A B EFAY L
106,950 109,740 112,530 115,320 118,110
(A, 71D
A A %) vl
AR 2 3.82 3.81 3.80 3.79 3.79
A4S (%)
] 34 AN THA) 3,178 3,433 3,688 3,941 4,194
AH ERE A
A A EF( YA S 106,950 109,740 112,530 115,320 118,110
FHE A5E%) 30 40 50 60 70
o T S H$D) 15,000 15,000 15,000 15,000 15,000
A AR Y) 52 60 68 77 85
A F-2(%) 1 2 4 7 10
] &4 4 ()
o - 52 120 272 539 850
=2 FAAA
A AFR(G L) 741 784 822 860 898
A A& %) 0.0000009 0.0000027 0.0000045 0.0000063 0.000009
M ez eymra
6.66 21.17 37 54.18 80.82
)
o] & 57 <A (9 gt
. 80 254 444 650 970
)
AH ERE A
A AFEE(AY A E ) 606,695 598,910 591,124 583,339 575,553
A A
FHE H5E8%) 22 24 26 28 30
A ATFE(SIY) 6,207 6,797 7,386 7,976 8,565
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A AH &%) 0.003 0.005 0.0075 0.0105 0.013

e
e A 19 34 55 84 111
)
A (2 5 9 3.329 3,841 4,459 5.214 6.125
%) 7 AREE AR D AREFES 20T
F) &L 128/1,2009 8 7|Fo 2 3

(3) B7hstee +4
- oy BAL S8 MEUst @ ma, EAE, $U8 53 g oks 2
Ag 9 24T 59,

P =

Op mMEYrF 2 AN

rlo
fo
o

i o
tlo 1

- EL7e d7IEe] AEE AFol e Ax:ngozA, dAE 7Y - 22 ¥,
Alzddel gt J1An], A7pdzn B 71 Al so= FAEY, 20179 71938

Zhu) 2 7)e)
EA@RZLY, 01811ADARE GER B S| dPes dFS A EYED
AzMom B 4 9o, o 4T B EA/IE 70.07%} Ban) 15.08%%

283
(L) HAA
- GUEFTLE A AFHETEEY A=A, el U MdAlE deREdEL
2 g H o} &, FF JeAF T Tl WTIEH 4B F S s € ARE
< Wrgst 1520 HAA &2 o

Rl

2
#sle] d3 HAAH
3 10%, 2919 =3}

Al E3HS Wty ste] AF=E3

o 20184 19 19 o]F A&gF9l Hal
274 TH1+20%, 20091 23} 399 8 wH+22%, F

= 1
Aol AT FAHAANA mEAd, At 2o A=

24 ] BRgoEs &
a¥E AFoE, AWAOR uEAdol Aol EYE ARA v TR
299 AR Ae] HgE LAAR] WEL JFPZEE AL A neBY
SAARZSZN S e go| Atg

THAAESHAY = MESHY X AL LLE
SAARALLE = UMEAAL2E + UAIAIEL S - Ui YAFLa s

ool 20179 7IGAGEA R AAE SHF HF

= 379
ATARE Lelstgon, FYFHDEAD BF AN AL, AL
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(20219) (2022'd) (20233) (20243)

(20203)
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9,214

4,459

3,841

3,329
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fveel

-

512 618 755 911

3,329

I.m<Es

34.74%

215 262 316
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AFZ7H
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whg sl ok .
Adst FAAAA TS AN AP B AR HAgstel B AEFSE
el %ow —‘jroﬂfﬂL A3 ZAE g oh7] WEel] 719 HA g kel A

Ll

de] g e 7 T AHEH]-8(Weighted Average of Cost of Capital, WACC)
Mo =AHAF EE{— F7F 91 = n J(Spread =+ risk premium)S 8= <.
®.EAE BE.
TR 7NERY EREA
37719 CAPM+ALY 374719 CAPM+TFE
A7) AHE-H] & APz A+ A APz A+71=A 9 st
A zgvd+= Zrd AP =gv A
EFQIA}E-H] & ERQIAEH] 8+ F71913 22 = -5
s WACC #-s
- AZIAEN LY AL AP =Y - AV|AER]EY P Sz
o Elo g HE 3
—E’*Xﬂ%‘j o 7HA‘] U]U E]’o}‘o T U]U xﬂ?% )
- A7 FEHEd OE SAAE - wid 8 s g4l
L

&)

9 mFol Wt A7 ARG B4R GS AFFTEG] TS WACCE 4
=3, 1 ARAl S ol et &

A S(WACC) = A7 ARH L X 7| AEH & +

EFQIAEH| G X ERQIAFEH]E X (1-H<UAL)

@ &

4) =
b

)

*P%MW ol# 3 /A=A T
Hom, H FdelgLe 516%%.
oA A&
=3 H7PX](NPV; Net Present Value)= W73t 2 wl&FA713F <] A/
S dAAHOZE 3 FHoF NPVYE 0 oY A%

o B Aol A= NPVZE 1049w o2 0Xth 22 o] 3]
=
)
3

H 9] &(RR; Internal Rate of Return)2 77|zt &34 7|7F 5o AGAF
E9] dA7IAE 02 E Tt=E o]xLE [RR9) NPV A A o] FAER] 5.16%E T
W o) gol
e}

A goiol gle Ao dudth & AdelM IRRE 5.84%2 5.16% K0 A=
FoAol e Ao=w AdE.
F2A9EROL Return on Investment)2 FAgF Ao tigk Foje] HIES UEHY
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GRS EED

= ARE, B AgodAe wjEF871 5249 04%??4_%@%
T713F &<k NI A E A AR LA GANCE o AT ROV 100%E
O 38 FdAo] Y AoE FHEH, B A4 ROIE= 119 11%% 100%X.t} =
B2 Fofio] e Aoz A
®. AAAL 4
(GH$): wak )
A iy ") &54 7|3t
. 1= 2x 3z 4x 5x  1x 2z 3x 4x 53 &4
T dE ¥dE dE dE dE dE dE dE U= dxE 23
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
uf & <4 3,329 3841 4459 5214 6,125
iESibds 2,557 2,950 3,425 4,005 4,705
HH] 556 642 745 871 1,023
9 o)) 216 249 289 338 397
HelA 5 23 30 38 48 59
7'}7};‘}@]” 302 348 404 473 555
%75%}0—“&%@
o 608 94 113 138 166
AFE A 2] 2N 1458 526 619 735 872
A2 130 130 105 105 105
FAL Y 3] 3,247
AFFFEE -130 130 -105  -105 -105 -1572 52 -76  -110 3,101
H7AIS 09509 09509 0.9509 0.9509 0.9043 0.8599 0.8177 0.7776 0.7394 0.7031
A 71 -124  -124  -100  -100 -95 -1,352 -43  -59 81 2181
NPV 104
IRR 5.84%
ROI 119.11%
(6) BAA Hga
b A a
O 7€ ME AlFoZ A% Adxdwted dx AAH sdgaxs ABFoz 4
st7] 93] g3 4bgd 15—*4—% o]-&3t] HristR o, thdrleEo] &3 Ak

] Fo0

lEgEe] AAHBAS 2L ALY

N
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(9 gk <)

i ¥-of AdredE HAHDA 5 1119
T 2 20204 20214 2022 2023 2024 A

= 34 3,329 3,841 4,459 5,214 6,125 22,968

A Ak 3} 3,725 4,298 4,990 5,834 6,854 25,701

@ BAFBAFE @ AYRR AF5art & 9N FHAS 0 olF FHA
dstel Zt HYREAM HPHHOE FUHE YUY £ vehin, FYHE
ME ool ek aeldnte] AR B3 597 F 257019 Y o] ol2E Ao
A,

(b 7 f E

O WAHFBASGE @ BYRE AFFA0 & ©e) BHY AT AVYRE
SIS FEHE B/EN ©9E Ui AEE R/ f0Ens 2
A GRAT AGAE FAEALS Fahol b RO, thgrEo] &3 A
o1& % Bokel R FEASE 0619911, Ash ol F 5T RoA fE R

® oA E s

(e ek <)
A+ E-of AR &dF BIV7EA] A 5 0.619
T L 202043 20213 2022\ 2023 20243 A
& 4 3,329 3,841 4,459 5,214 6,125 22,968
B7}7}x) Gk g 3} 2,061 2,378 2,760 3,227 3,791 14,217

h AL+ aEsd

X ALGTEEI

(9 gk <)

A Eof AA|edF I&FIA S 8.96,10%1

T L 20204 20213 2022\ 20233 20243 A
E F4 3,329 3,841 4,459 5,214 6,125 22,968
TgfEa) 30 34 40 47 55 206
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O AGFLATE o' 2dFEe] HFFart 44590109 &) S/ A 7 4y
F2ollA A -Zﬂjoi TEEs LEATE YEH, tdrEc] &7 A7|HE -
FaAAZA Foko] AP EATE WE 109 ¥ 8.96m o], AFY3S} o]F 5zt
oF 20678 ¢ H<A-FrEaHr}t odH

= e
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Ob 71 A A 24 e S WA e Ay Ed, Z1E A2 A
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Oh ABTFEE Ao @ AFANFHFE D A WEY 2P Tl A BA
@ v, 7120 SAAZFINPYIE 10405 Uolm, P59 BRRS 5.84%, T4
T EROD= 119.11%2 Ao A=

(h) =3 597 AAFREIE 2570105 9, BRI GRATGE 1420708 A A
WEIE 206B O gHe] AN FEN £ F o2 A%,

O 3415 A
L Ar3E AAE &4
b A9 4
@ wlg #He] BAB/C analysis)s Yk oz AR FF
o o] &5 &= Aakel Wy e tE.
@ Hl&He] A ANAAGANA AT AR TR 2N TS A FH, FF
FEA A o] Bl A #-4(feasibility analysis)e] shubeta & <
@ H§ He] BAE 7IgAd Y AFEAHAE D ASA #A
A v& Hs Fobgh
@ dutx oz AHAAA EAe £dFAVIX(net present value: NPV), #e]H|& HE
(benefit-cost ratio: B/C Ratio), W¥*<=<]&(internal rate of return: IRR)9] 71H& A}
&35t Al
® =3dA7FA(net present valud: NPV)& wl2e] o8] AlHolA BT AFo &/F=Y
(net cash flows VAN FAZIAZE Sl G FozA, 5 ZEZAE
SAAZIAE e gutzlo g oo} o] 7 5 Qe
D - ypy= PG

=11+ )
® H9)/u]& v &(benefit-cost ratio: B/C Ratio) 7]1&& AF&3te] ZF Algolut A S

b Aol Aol AAZMKY @S wge] @AZFAC] FO o] 1 ulgol
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lojabolel dutron AAM] = Ao, 1uth o AAH] gl Aow @
atA =
n B,
@ - - - .B/CH]%ZEZM
T & G
=1 (1+7r)

@ WH-<=e)&7]|F(nternal rate of return, IRR)S oJH FFAG oIy Ao =<
A7FA ] &, § NPVE 008 RhEojFe RIEE v #AE SFske= 19 #el
.

Wi s E d
Aol A sFgArge] E&29l Afder A T

@ 0=

A A A] &R 7] ZA A . S
%3271 .g}l‘w\ o o]ﬁ }i AN g qaaa ms
L&Pv) NPV >0 -ﬂ‘aﬁ;/\gﬁqclog] S T oF )‘\__/‘it_?,]gxg/\] TR
sq(;ﬁﬂjxﬂ‘}f o] 2 Q1g /AT
by 3 ENE AAA
n=Rel HeR ] Ne ols1 U 3] e
B e | Bowes1 AT 5 WL o o
mre e LFUATNS
ARAA FrelA =2A TS
W= & RRS .E{“qfﬁ 0ot ‘lgﬁf’ gﬂ}%; ffﬁﬁo&o?‘ﬁ
r Wyl AT Ay 3 * =X AT T &
(RR) %%TM%JJ“ 83 elsi7k EAd =22 7M5A

. 24 AN AAH G

T8 @7 5 ovlE
WA o} 1,000,000(24/m?)
7 100m*
EXSEY 100,000,000

@ A2 HE&des 108z Zpgstn, AYgHom ALt Azt 7P v
10,000,000(= 100,000,000/10)%4.
@ 71et FABRYH &2 AA2H &9 10%= 78 3
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@ % /P37 B FARLYH G A7 20,000,0009 02 A3k

s T
A0 T A 22 1327H°1111, AESE0 71%9 Bt

o4 3ol A wel AT 43F Patol sbssin, Az A A5E 18 AT
2 Q. A &
11,0009/ A8 AF A7 2592 172,854,000

2 FAFH
= 4 3 249
S &

A A () 100
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