HOKKAIDO UNIVERSITY

Title WEGRICEDF 2T Y ESI IV RBREXA O OFEHERAICET 2R
Author (s) S, BF; YOSHIOKA, Keiko
Citation LBERFERFEFACILE, 19(3), 333-375
Issue Date 1995-03-29
Doc URL https://hdl. handle.net/2115/12166
Type departmental bulletin paper
File Information 19(3) p333-375. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




JEREIRHALE 19(3)  333~375, 1995

ZEIRRICE 52X 27 =4 7 74 )V AEHiE
X0 Ol EFIRICES 505+

=+
=

N S

(LB K B = 2 R )
(PEL 6 £ 11 A 18 HZH)

Study on the Production and Utilization
of Cucumber Mosaic Virus-resistant Transgenic Melon Plant
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(Faculty of Agriculture, Hokkaido University, Sapporo 060, Japan)
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Table 1-1 Effect of kanamycin concentration on germination of Cucumis melo seeds*.

Cultivar Km conc. Plant Hypocotyl Cotyledon True No. of Root
(mg/€)  height(cm) length(cm) color leaf® roots length(cm)
Green Pearl 0 11.0 7.0 G ++ 20.0 28.0
50 8.7 3.8 G ++ 20.0 20.7
100 2.3 0.5 GY + 2.0 1.3
150 2.3 1.3 w + 1.0 1.3
200 1.0 0.5 w - 0.3 1.0
Prince 0 21.0 8.7 GY ++ 20.0 26.7
50 30.0 7.0 GY ++ 20.0 10.0
100 14.3 6.0 Y + 1.3 1.5
150 1.6 1.0 Y - 0.3 0.3
200 0.5 0.5 w - 0.7 0.7
* After 6 weeks. Data are expressed as the average obtain from five plants.
¥ G: green, GY: yellowish green, Y: yellow, W: white. ? ++ many, + :1or 2, — :0.
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ayDhF <A Y UEFHICOWTHHEL 2,
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W T Y AR (A IDIR), TV—
RV (N FPEEH), 7T R W T AR (Y
HIDYFR)DETEHA O, TTHEERZHE, 710%
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T AT 10 FERE L, WEZK TR S L 72, WEK
% 2 RFERAR I ® T, 2D, A7 T —RA30g/d+
A F <A > 0~200 mg/l %&Ee MURASHIGE and
SkooG (MS) K5#i?® D EFEM (DI T4 pH 5.8,
FNZA N 0.2%) L TR 7z, DITEEESR G2
T 25°C, 3,0001x, 16 fEHER & Liz,

2) fER

EIR 6 BB IEE 2 O, R, TEOA,

(1) (2) (3) (4) (5)

Fig.1-1 Effect of kanamycin on germination of
melon seeds. [Upper] Shoot elongation.
[Lower] Root formation.

KEOFE, BEMRCRED 6 HEICDWTHEL
7z (Table 1-1), 100 mg/e LA EDH <4 ¥ ¥ 2R
MUK TR, FEORGLEEOMHREG &S
FA Y DFENRE I NIz, R FIRIIH PR
O{RENIF 2 EHITTFEADORENZE Lo 7 (Fig.
1-1), ZORZHEIELZREOETFOLDTH2
DT, A. tumefaciens DIFGALIR %17 > T2 MBI
HMLTZORERZZOEEHEHATE 2T TIEE
Vo L2 L, HITEOBE %L LT, 100 mg/l
HIRD A F <A ¥ > 2UINL 7 55T OB B EA
ThdIEBRTBRINT,

1, Ya—tDHFTA BN

1) MEROTS%

W 7Y — vt — V(b R V), T AR
>, FITARSATDEH)s W P 2T —
R (BiEAR) ofET 2 EEBE L, EERYOBE
EET2H0O 1 ICHFHEL I MSEH# (1/2 MS 5
M) + 2 7 v — 2 30 g/0 OEFEEH T 2 RS
Lize 0%, MRLLEOHEAPSE 1HiET
ZYIVED, 1/2MS#+2 70— 30g/L+74
A ¥ 0~200 mg/e DEFEEH TR L 12,

Table 1-2 Kanamycin sensitivity of shoot in
melon"

Cultivar Km conc. Leaf Shoot Root
(mg/8)  color* elongation® formation*

Green

- 0 GG i ++
50 GG Gina o I
100 GY et —
150 YG - -
200 GY = =
Prince 0 GG st o o
50 GG ++ ol
100 GY¥ - —
150 YG + —
200 £ = =

" The experiments were scored 2 weeks after cul-
ture initiation.
The data given represent the average of five
plants.

* GG : green, GY : yellowish green, YG : greenish

yellow, Y : yellow.

Y ++ I well growth, + @ slightly growth, — : no
growth.
o231 1lBED, — 4.
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BB 2 B, v 2 — b OMER, BROAE,
BEDHIEFEL 72 (Table 1-2), & 2 — h OHEH]
FIRVEOELIZ 100~150mg/L DA F <A ¥ >
WML 7B EoBEga s, ORIz
Tk <, i EHogEREOREL L TR
BThHolze —F, FBIZOWTIX50mg/ DHF+
A Y UREIMUI B 100mg/e D F~Af v
YERMULESOBTE L WBLNEER R, &
FTORBEENEHE I NI DD 100 mg/L D& F
<A YRR E RIS G S . £,
FYARATY TiEAF A Y 50mg/8 B
L7z Bic B> T BRI & 8k 3 B R
L, A7 ~4 v ORBRZEZXEIT S Z EHHEET
Hol,

3. BEREEOHF <4 > o BRH
HEERREE,r>FHEIR L 2V P VRO
T, SOETEHEREEL TB D9, BEOK
EHECBW TEHEREEOFEI I RESI LT
2, A0 VIBWTS 1989 FizkHES® I LD
WEREEOFELENES LIS h, HEEErS
DIEMATEEZHBHET U Tz, MR EERSE &
ELTWw2 Ik, BEEEN LW LY, BE
U T AR L UL TEM RS0 %», KE
BT, BHEFEETAVLEEERRZEEL T,
WEEEOD F <4 vV REHEEE LT,

1) #REUHE
ERFEEOFHIAH S OWEITHEL 2, FHL

Table 1-3 Kanamycin sensitivity of shoot primor-
dia of melon®.

Km conc. Growth Root

(mg/2) Color* degree¥  formation?
0 GG ++ ++
25 GG ++ ++
50 GY + +
100 YG + —
150 YG — -

* The data were scored 8 weeks after culture initia-
tion. cv. : Prince melon.
The data given represent the average of five plants.

* GG : green, GY : yellowish green, YG : Greenish
yellow.

Y ++4 well growth, + Islightly growth, — no
growth. # ++ >3, +:lor2, —: 0.

TEEREE, Erey bickoTHEIL, MSE
H+N6-_>IVT7F=> (BA) 0.2mg/+X 7
a—2 30g/8+HF~4 v 0~150 mg/l O EE
BH L TR L T,

2) ®R

FELULHFRE LGS PO A T4 Y Uk
BT ERES R L, B L . # 8B
w2, EtEof, HLE, RROGECOVTHRE
L7z (Table1-3), 100 mg/LLAEDAF <A V%
BIML 7RI B W, FHERRROMEINGHES h,
RCROKRIZEL <Hflahi,

UEOHER»S, hrvd vy VBEC L IHEE
HOSMBEOERSHAL LD, HRFEEDSS
ERBIEBWTAHF A ¥z & 2RESTRET D
5 EBRBINT,

4. RERDAF7AL L BSH

A0 Y OARENFEEIZ, 1986 5, JTHE & KB
I0FIOTHESN, ZOBRUBRERPERTHEVE
FLUEOERBERL R > TWS3, KEBRTIRZ
DARERR & 2 BEROBEEBR~OF A % 18%E
L, RERFEEEEDH F 4 ¥ B EHEEL,

1) MHEKRUA® .

R TV AR (FHFDIR), T —
B (BEREA), AN ‘BEG360 BROERIES — F)
DEFEAV, 7, BEE2HE, BEREB L
%, BEARFC 2 BEBEL CRkE €z, Z0O%
REhE % YTl L, MS##+ R 7 v—2 30 g/8+
BAO0.1mg/t+2,4-¥2uu7x /% VERE(2,4-
D) 1mg/8+J 7% v R (NAA) 2mg/e+ %
Fo A4 ¥ 0~200 mg/f DR TRERE L, 3
B, TEMRBRIZ DLW THEL .,

2) ®E

VAR R T TidA <A
¥ UBHBEMOR TOATRERERSERE W, &
> A Y ERENU X TIRRBE W BIR L S RER
R IZBIE I Nz Tz (Table 1-4), ‘EG360’ TiZ
A=Ay 150 mg/e BHRMLI: K & CRERFE
EOBEEIN, MORETREY F <1 ¥ U FENX
TRAERERIBEISh R ol, ZDZ s
‘EG360° 2 < oS T, FTEREBRETO A
T v OEEBRKENDT, BEODIRE
REREEIC RN 2 <4 YV BEIE<MZ
3, FERFERIERT L EHNEILwES
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Table 1-4 Effect of kanamycin on somatic embryogenesis in melon”
; Total no. of No. of explants No. of
Ka‘gﬁﬁ‘c‘_’cm explants tested with embryogenesis somatic embryos
(mg/8) Pv S* EGY P S EG P S EG
0 11 10 9 4(36)* 5(50) 6(66) 40 46 110
50 16 6 10 0 0 2(20) 0 0 12
100 10 10 10 0 0 1(10) 0 0 1
150 5 14 10 0 0 1(10) 0 0 2
200 11 10 10 0 0 0 0 0 0

v The experiments were scored 2 weeks after culture initiation.

P: cv. Prince.
* S:cv. Sunday Aki.
¥ EG: cv. EG360.

z Numbers in parentheses are % embryo formation (=No.of explants with embryos/Total no.of explants X 100)

Table 1-5 Effect of kanamycin on shoot regeneration of cotyledon explants”

Kanamycin Total no. of No. of explants.with
conc. explants shoot regeneration
(mg/2) P” S GP? P s GP
0 30 63 36 28(93.3)* 60(95.2) 32(88.9)
50 32 65 42 17(53.1) 35(53.8) 28(66.7)
100 30 72 36 3(10.0) 12(16.7) 8(22.2)
150 30 65 40 3(10.0) 7( 1.1 3(7.5)
200 29 60 42 1( 3.4 0( 0.0) 00 0.0

v The experiments were scored 3 weeks after culture initiation.

% P:cv. Prince.

* S:cv. Sunday Aki.
¥ GP: cv. Green pearl.

z

explants X 100).

Zbohiz,

5. REFOAFZA L BBH
SCRVETFIER D 5 O EFER 2 2B L -HEY
HEAERIT, 1989 4, DIRKS 630 I k- THE s
Too TRV —T7F 4 AZBRICEBL- AT, B
EXRPEL, BETHYREERCEL CH1E LE
Zeohd, I TIOEMAROFAEMEL, &
EHEEEBOL F <A ¥ U RSHETEEL 2,

1) MRRUFER

TN AR (FHIDIR), YT —
B’ OBEEA), e Y —r = (M5 1E
W) OBEFERV, BEEHE, Hikick by XE
HHRERS MY U LATRE, WiFLBEEAC 2 F
Rk S H7z, ZOH, FEHKEHREE 3705 12

Numbers in parentheses are % shoot regeneration(=No. of explants with shoot regeneration/Total no.of

FZ¥Io a5, MS i+ XA 7 u—X 30g/8+BA 1
mg/8+ A F <4 ¥ 0~200 mg/l OEFEH TS
FELT, JEBBRTRESHREMEL 2,

2) ®R

ETORBEBWT100mg/L L EDOH F~<4 Y
YERMULZRIEZBWTAEFHERSHEE XL
(Table1-5), %7z, 50mg/8 DHF <A v r2EM
L7: X COREFR L, BHRMX O 50% iz
Ehiz,

BEoER» S, TEFHRBZBWTHHF
A DEELRZIBE, iz, AFTAL VB
B L BEOBRECENED SN, TEFHHE
DhF Ay X DEERVTETH % L HRBE S
iz,
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II. BEFEEEEREZMAL -4 0 OREER
#
HE L HRFEREDD v 1 v VR RS
U TG & 2 IWEERET 5 72,

1. MEREUFHE

VE— —BETELGREOBR R g-I vy
o= —¥ (Gus) BETF? 2§ pBlI2l (Foyv
Ty )P B, HEFEEOFHITXESD
WMEWHEL, FELLHEEFEEZ2 Y2y N TH
#L, MS ki + % 7 v —2 30 g/8 +BA 1 mg/f D

WetkssH (pH 5.8) H1T pBII21 25> A. tumefa-

ciens & 2 H~ 4 HEHEEREE ST - 72, 8881, /D
AMEM EHERTER TES 2 BEORERE L Uiz,
F D, WHEA THEREE L, MS i+ X 7 0 —2
30g/8+BA0.2mg/b+7Z 757 (7 7L%
MEHEPEDE, ~FA MYy 03500 mg/l O
HCRERER S ~BE L% LU, BHEES
~7HOMIZ, ¥a—ERFOWHREELEIER
Wit L, GusiEMEREIE L, BERIZEE
(fluorometric assay) & EBLFEH % (histo-
chemical assay) @ 2BEEOFHEE AW,

WaBMBEELLYa— 120D, MSH
H+R 7 o—-X30g/8+HFr~A v >:100 mg/0+
797 % 7500 mg/l OFBEEMICEKR Lz, #
DB ECHRIR U T2 h = A4 & R
5,DNA 2#iH Uiz, 2h% Gus BET ORENE
Fik D DNAAGREBE 2BV TR L 208880
754 <w— (5-GTAGAAACCCCAACCCGTGA-
35 -TGATACGTACACTTTTCCCG-3) % 1{f-o
T PCR & (88 3 E2H) 2 & 2 DNA OBIE%{T-
Too Fiz, EEMEAED Gus EM S EELO 2 D Hik
THIE L7z,

2. % 3

HEER2HORTY, 4HORT I F <A ¥
>t AR % 572,100 mg/8 DA F <A ¥ VRN
LR 8w T, TP LB RORBSHEE A
D EIE DM EELWEVWERD SN L »o
2o UL, HITEIZDWTE, MEEXTIEELALY
FRU o0 L, THEEERTIERZ R
BRIz A. tumefaciens ¥ DEFERPHBT-
Vet WMSEEERWROHL, #EXEI Lo T Gus 7
MEERE LR, BRRTREEZ S WEhE

OERPBREI Nz, 35 ICE LS T Gus
BHEEHELLEL IS, BLORAHEEASN,
Gus BIEFORBELHE» K>, LbL, 20
BRE MR EE L7 FR T Gus 1Y %
RT BB TERPoT, TOEKRE, OFAL
ToBEETHS, HARENRT, WRBEHEOMhT—
WECHEBHE L T B  ehot, QFEALE
fRFOPEE L EYEROHIICEAAE N TR W
B, W—LFERELTBELT, HECHRL M
WBOWTHEREL THhihot, QEEFEENEAL
FEGETFEELTFATER>TED, MEIZAY
CEALIC G T SEARZ N T WE 25, D3
A%z eh3, 7, OOREEL T, A4
tumefaciens BEET % P H A L EBY 2
e bDOZ L, —BINZERTH L RN
BIEHWEEZ 5ND KICQDERTH 558, Gus &
EFORBE DI CaMV3sS 7 u € —
T —PEWFEBRE RO I &, IR
BRI RN LY 2 BET 5L, JRbAREE
BEWEEZ iz, BRIEGOFREE DWW TH
By 5k, A tumefaciens DIETRIEE U HEE
iz, MOBEERTHGIMER K rMEDEA
AT H D, BLELLEDERSEA L EETFE
ML TF A7 L brReER-HacEz 505, D

M P T

603bp— |

497bp—

Fig.1-2 Detection of pf-glucronidase gene by
polymerase chain reaction system.
P: pBI121. T: Transgenic plans.,
M: Molecular size marker. A/Hind III
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LoFEZIC LD, Gus EHEEORERIZ, HAMEESSE
A7 THoll EBFRTRBRVOEHEEL .

FHAEMPED Gus BEF % PCR B THRE L7
R, FE3h s DNA MRS 0 (Fig. 1-2),
Gus BEFHNEAINTWS Z LEHHE T, L
L, RO Gus EEOREREE2FERT 5 L, HH
VRS EOMICSREETFIHAZIATWL R Y
AT H - 720

HPED sz, HFFEEOHERPAVUBERE
BERBDL LB TELY, BALLEEFORE
WL TRFE—Th 5 LI HEREE,

Il. REFEEREMNBAL- A0 O EiEHR
1. ¥HRUFZE

fE 7T (BEEA) OBTFOREK A
E, BRI OEHR, BBLiEg, BEKCH6RE
MRE L TR S ¥, 20D%, i % pBI121 %
Fo A. tumefaciens DEEEEIC 10 2EIRE L 72,
RORBERZER CTROERY, MSEH+ A 7
7—2Z 30g/8+BA0.1mg/8+NAA 2mg/8+2,4-
D 1 mg/8 ¥fksz (pH 5.8) T H~ 5 ARNLE
BEMTok, HFEERYE, MSHEHI+270—2
30g/8+BA0.1mg/¢+NAA 2mg/8+2,4-D 1
mg/l+7 Z 7 4% > 500 mg/e O EERE M TEE R
U7z, #9380, BRI RERZ MS 5+
A7 u—R30g/8+HF <4 v 50mg/l+7 S
7 %7 > 300 mg/8 ODEEMICBEL ., BEL
TELAERR, HTEHEUHL T F <A v
100 mg/¢ ZRMU 7 RRFAMYE %2 & £ 72> MS
BN L oo HELA F~ A ¥ VitEEED

Table1-6 Effect of co-culture period on
embryogenesis”

co-culture Total no. of No. of explants with No. of
period(days) explants  embryogenesis embryos®

0.5 10 3 8

1 10 4 10

2 10 0 0

3 10 0 0

4 10 0 0

5 10 0 0

¥ The experiments were scored 3 weeks after cul-
ture initiation.
cv. Sunday Aki.

z Total no. of embryos in all explants.

Gus I 2 HioHERIC L > THREL .,

2., #% 2

HEERYH~ 1 HORTTERERVERE SN
7z, 2 AU EOR CRHBE I i o 7z (Table 1-
6), COFRERIZ, TROFNEMTFEERITRVLE,
T b b A tumefaciens ¥ OILEFEEEESFHEE T
BEL, ZOWHMMIERIZE 213 ERNEROF KR
BETa®LEELOND, T2, TERPEHRS
hzRieB»ThH, MMHMERBUCY 2 RERDFE,
R, BEEROOD/NNY 7Y 7IELSE
LTwa Bz ohic, BELIA T <A v Uitk
FEYMED Gus TEE R JIE L7 & 2 AHEEOE K
BEH o, BERIELLOOREERELES
ZEWTET,

UEoOER» S, TERZZEHRT 2EYEEER
EPRHOWIRESEREZEHTE L I Lot
Tolz, £z, BAERIIHEIWEL, HEEZLEE
THEEZ ORI,

V. REFEERAFALA A0 OB EER
1. BERUF*

R TR (BIEREAR), ROV Y X A
Y (FAFDIF) OBTFOEREHE, Hkck
DRFEERET bV A TEE, KL, BEK
21~ 2 R L TRk €0b, BEls %
YIDELD MSE#i+ R 7 v — R 30 g/0 O WAEHTHE
(pH 5.8) W T A. tumefaciens £ 1~ 5 HIEOHE
BT o 1o, R BRBHEAR THRER R L, MS
B+ A 7 0—A30g/8+BA1mg/b+27 7 7%
Z >~ 500 mg/f ODESMEEIHITRE L /2, 38/
% HELLY 2 — MR MS B+ 2 7 0 — X 30
g/8+7 7 7% >300mg/l+h <4 100
mg/f DEFEMABHL CRIEET o/, 0%
HELTELY2—b2EX1IEXT DYDY,
MS#E#H+R 7 a—2X30g/+7 Z 7+7 300
mg/l +4F <4 > 100 mg/l OE TR
BLRAREPEE Ui, BIRLULH F~ A v Uit
&%, GusiEHEEZHEIEL 72,

2. % £

HEEEL 4HUET >R TR, NZ2T V7K
X A OEESEL L, Bkl THZEL .
HEFEREE1H, 20, ¥ 3 HOR TRAMHES D
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Table 1.7 Comparison of three regeneration systems available in transformation of melon.

Regeneration system"

SP SE AS
Regeneration efficiency + X - ++
Uniformity of transformants - + +
Treatment of transformation ++7 + +

¥ SP: Transformation by shoot primordia-regeneration system, SE: Transformation by somatic embryo-
regeneration system, AS: Transformation by adventitious shoot-regeneration system.

* ++ ! Hight, — : Low.

¥ ++ : Chimera formation was not observed, -+ : Chimera formation was rarely observed.

— . Chimera formation was observed.
 ++ I Very simple, + : Simple.

SAREHFSSCL U 2 e, FEFOHSMEEZD
bORRERBEOYIMIcEE s b oz, LinL,
BAEEI A T4 YU REHENL T RLIZ b e
o3, HEHERT-> T LBEX X D {EiE
L ote, IR, HFEBEPOUENIHMEES
ETERLbDEEZENE, h <A Y REM
U 7- gAY = — 3% Al U (B i 408K
T5E, HEEEE2 2HMET O RETRIZ DD
FRA VUMY 2 - N EBE I EDTER, AT
v A ¥ rMEEED Gus B2 RHGEIC L - TH
ELLER, AAEOEKIEHEIN, ZhoDfE
EPBEERATH S I LR E T,

U EoER» S, THETFFERD S OFEFE
BRALCEYEEERZAVT, BEERREEZEDR
TELZZEDPHSLER DTz, £72, A. tumefaciens
EOHERFI2HHPEETH S Z LHHEIL
720

V. & 3

A0 BIF 5 I DORE LIEMERER,
BhbbEEERC L IBFERAERIC L 2HAR,
REFR L 2EERE2AVWTBEERERA T, K
B RBEEROIDOEERE L TEEGRLLE
iz, BEROES, ¥ X 7 EEOHBREEEDES,
BaEBOEHE s LIEEHROEI D3I DTHY,
BRSTEESR % Table1-T 2% & ® 7z, BERENICELTO
BAERTHEELREEE2 2 L8R, 300
BEREFhZnEa2REs, BEERRICHNLS
BERL LIEMLEMOMHEH*FEE5bE® Tw
7o BikER L, MUEHEEENLZEL TSI L,
BEERMRE WL, HEFCEEERONE

PO THFETCH L 2 & X OBEICH LR T
EREBEONTD, GusTEHOTHEBEIS F X
SO FELE—DRER E L Tz, —,
TER & 2HERE, TEESHME» & FKET
B8, F XA T EAKROFKEEME TS 2 oz,
HERFEEDREFDRICHN, AHEF YD DTE
R ERNMEL, F/z, SMER YD Oy 2 — bHEE
BHELbDTHol. Fl2, HRNELEREELE
% COREPMBEVW L3RR 2ITIERS
BWMEETHY, ZOBHEIHNL T, XEORM
BhHbEHFEZONT, TNRXL, THETFTIESR
DS DTEFHERIE, Wb —T7F 4 ATk
AL, BESELEL, X 7EEODREE
LHGFEE» S OFEREABEOEEZ N, &
512, WEEBMERLEDLOICHURBRELELT S
2, FRL7 3BOEHIZDWTREEL-HRE
2Rb, FETCHWLBEROP TR D BEIEGER
T LEL SN, FIT,CMV S8 o8
BEEEFOHEARBTEFC L AHARER VS Z
LWLz,

EB2E Fau)VEVFAIDANIN MBI D
HEEFEIA-FI2EMRER<I5—
DYERL & Agrobacterium tumefaciens
~DEA

FavUEFA 74 LR (CMV) 13, 898, &
M, B 6TRL A0 BIcOXAEMEEE L
TAHEENm ONRETA VAT 7 E VAN
ABIZBT 2%, CMV OF ./ A&, 1 KB 77
A RNARITHY, £7:7 7 2R3, S FEOKX
£/, 5 RNAL, RNA2, RNA3 LT H 3
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F—RNA1L

1a protein

—RNA2

RNA3
3a protein

RNA4

3K 2K 1K o)

Fig.2-1 Genome structure of Cucumber mosaic virus.
: Open reading frame.
o— : Cap structure.

"RNA &, RNA3»LIRET Y975/ L RNAY
5% (Fig.2-1)%, RNA1Zlag > S8 &
FEEN 27 A NVADNY h—¥%, RNA2IX2a %
VRJBERENL VA NADOEEBEREFNETN
a—FLTWw3, RNA3iZ 3a ¥ >/ 7B LML
a4 VAOHBEERITwES T35 7B,
Ny N2 BEBD2DONMa—-F I T 33,
RNA4 X RNA3SOAH S v 2 BEIDO A %
a—FLTWw3,CMV OA#Es > 87 Bix, RNAY4
LOBIERA N, FFER 25,000 0 1 KDy >80
BHOATHKIN T2, CMV I3H% < D5 B
BHILNT WD, KERTIEIDS S, HED AT
VIZHEFL, MERTH L Y ROMNEY o8y EHil
EFO DNA ZBWLZ iz Liz, KBTI, 20
CMV 48 v BBETFDDNA R I—-F 7
ZHYIRBN 7 ¥ — %D A. tumefaciens % B
T8 N2 DEFEBRIC D W TiRR S,

I. CMVA#HS oo B#EFEI-FT3
HPRIMX I 7 ~DER

KRBT pBI12]1 #{E L CHNOBRIEF B
DEMABHNY ¥ —2{ER LT, pBI121 12 Ti 7
Z A3 FO T-DNA BB REHH O 52714 b R—5"—,
V7 PR -0 25 BENORERT 2R, T O
M /%Y ERBEFREETO T 0 E— 5 — i HIH
ENBEF~—H —BET (I F <A v ViittkEE
F)y AVI7IZT—EPA 794 VA (CaMV) 355
7uE—F—iHflshs v R-—5 —BETF (Gus
BEF) 2a-FT237522FThH3,

Nos-P  Nos-T35S-P Nos-T

8

Fig.2-2 Construction of Y I 25 plasmid.
RB: Right border for T-DNA transfer.
LB: Left border for T-DNA transfer.
Nos-P: Nopaline synthase promoter.
35S-P: Cauliflower mosaic virus 35S promoter.
Nos-T: Nopaline sythase polyadenylation signals.
NPT 1I: Kanamycin resistance gene.

1. HERUFZE

CMV 44 7 > o8 7 HiR{RF O cDNA i3 B2 H
DI ASSEEINT: CMV-Y % (#EHR) 5
sa—=r7LitbDEHAW®, 20 cDNAIZ
CMV @ RNA 4 @ 5 KigFEBEREBO—H D & %
REBDT, S v 37 BRET OLBEREE %2
AN—TBHDTHol, FERLIZNT F—24B
2% BamHI T L2tk Bl F Y7 A 1ug/
ml Bz 1%7Hu—RA XV TESHKEHL, £
SMRIEETT T DNA B 28 H Uz, & 512, FEED
728 CMV S5 vk VBB T2 7u—7k L1
YHFEUNA TN T AL~ a3 2{Totz, $HFY
NA TN FAL ¥ —y g VRFEREE -7 F v b
Thsb, ECL A5 A (Amersham #) ZFw, #
DFa P aI—=NIES Tz,

2. #% £

PFUNAL TV T L E—y a YORR, HIFED
pBI121 @ Gus EBEFEFIZ CMV A5 7§
BETODNA CTEE#Z ol 2 LIRS
720 TERR L7AETIRIAAR 2 & —% YI25 I A2 F
(Fig.2-2) L LTUTOEBRHHAL L,

II. 2/ OWEHERRICL Z2EPRB|RI79-L
Agrobacterium tumefaciens DIEBEDTER
EHTRE1IHCBOTER L YIS ST A S
R %28 A LT A tumefaciens BSIEH o BEgE U CHE
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YOFEHEREENE L P E»EHFHEL 2,

duls & 7 B REIRES I, QA. tumefaciens DIN7 T
D7 e LT DORYEES, @A. tumefaciens HMEHE T
52835 1 DOEELR 7T AL F pAL4404 O EIE
#age Sy, @R L7z YI25 75 2 3 ¥ OEMERT
DOFEE, OD3DO2THb, ZOIO>OMESE, #h
FREENCHER T I EPEETH L0, B2
WL EN T 5532 OFEEERIC & 2 ER%TT
v, YNaDBEEREEELIEIEEST, TN
BEEEE LCEOMIEET 52 iz Lk, 830
BEEBEF I SN TnwBE Y —7 57 4 A 7540
R,

1. MHRUFER

& sxa (Nicotiana tabacum) D ff& Petit Havana
SR-1 DET 2 EFEIW & D RERE, EELE,
1/2 MS 8+ 2 7 m— R 30 g/8 OEFEM_E %
FELERLL, RELUCEMEOEREL lom ¥H
DOREZWA Y P UTHER & L, 28CT—HtE
#F U7 A tumefaciens (YI25 775 A 3 R 2B AAA
Fhor, MERXELUTpBI2L 77 A2 P24
bOo 2 ) ORERIW ZOMNER % 10 5~20
DB, 208, ROT A. tumefaciens %KL
THFEL, MSEHI+A 70— 30 g/8+NAAOQ.1
mg/8-+BA 1 mg/8 OEEE ET 2 HEERE
BT o Te, HLTEEERTE, MS B+ A 70— X 30 g/
2+NAAO.1mg/8+BA1lmg/b+27 7 747 >
500 mg/8+# <4 &> 100 mg/8 D FEEEH 2
BHEL, MEEEROER 21T, BELIY a—
PIEMSE#+RA 27 0—R30g/0+2 5745 >
500 mg/8+ 4 <4 ¥ 100 mg/l DEEHICE
TE LB R T, B LA = A ¥ ViitEEY)

Table 2-1 Shoot formation from tabacco leaf ex-
plants on the medium containing
100mg/¢ kanamycin

Plasmid Total no. of No. of explants with
explants shoot formation
Y125 13 13 (100)7
pBI121 12 12 (100)
Control® 12 0 (0

¥ Numbers in parentheses are 9% shoot forma-
tion(=No. of explants with shoot formation/
Total no. of explantsX100)

2 Uninoculated with Agrobacterium.

497bp—

Fig. 2-3 Detection of CMV coat protein gene by
electrophoresis of PCR- product.
P: YI25 plasmid. M: Molecular size
marker, (®x174/Haelll). T: Transformant.

DM, &5 DNA 2 L, PCRERZ AW TS >~
NOEBEEFERE LT,

2, % £

WEEIE 2T £ TOIMER 25, SO
AFZA UMY 2 — M BESMEL, HEROS
R 5 ke < Eatk Uk o iz (Table 2-1), &
Uledr A & i & DNA ZH#iH L,
PCR¥: (8 3ZFER) ik CMV 4y 08
BETOREREITo/ L 25, FHEL: DNA K
PR AN, BEEBERETH S Z LIRS L
(Fig. 2-3) .

LLEDFER» S, BB LTz A. tumefaciens % F\»
T, YI25 77 A3 FLOBEFHRBEL T IBE
EMEOFHSTRETH D Z EBEE M E R o Tz,
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. # 5

FBEERC ALy 5 —O#FHE, BAT2HE
EFrur2 2 BN TOULKHRBEEE I MLV,
AR FH T 2RI E2Z2550T
Hod, TANVADHMSY v /87 BELGFICLETA4
WAFBTEEED ST 5007 5 —DFE
B owTid, BEE COMEREr>EEL, O
gy 7 BREEFOI0E—5 —, QEATS
Sy o7 BEIEFO 3,5 JEREREE, @BIRE
IR OEE], D3 DDV TEESENH D EFE 2L
s5htc,

Y, THE—F oW TiE, HEERES A
WERETORBTROEEITNEMELTHZ, ¥
Nardul T B o BEETFEA DY
D—HOWEDEE, Ausnlzrue—¥—0IF
EAYMAER LR L CaMV3sS YuE—8—T
»HY, IcHEF CaMV19S Ya—t—5 —DFHRH
ZIBE WY, Inik, RRCEFELLEEY
1980 ER B ENLTE D, FORETRE, Y
BETRHET 2 o—t—y — G+ izEEEINT
Wikl lk, TO7aT—F —HERLRBEES
ERLTWS I, HENZEH 2B RET 2
LEZONDL, £z, ThODEBROERS, KT
HERYOBREANDILHE2BE LD TRE» o7
ZEHRELBERTHS 5, AWEOHMNIL, #E
ThlRRIZEBY, BEWEYTHL Ao 2RV
T, HEESNOBEEREORHEZMS bo
THb, foT, Kknoidsgky vy EEET
DOFBR, FERFHE, RRBLALEKOLT, B
MW R 70T -5 -2 BRI NEThol, L
L, KERIZ RO &2 TOER L IZIZFE U 1989
FIEFLTEY, MR TRET 2 oE—5 —
EOWTOMREEBBELEIEFIE bz 2 &,
CaMV358 7o e— % — i REREN 2 FHD Z
L, AFBBRTH o722 i8Rz CaMV35
STax—y—RFERAL, BAETIZ 35S Fat—
T LN —ZEHELIEDY, Hrnida7
FRERBEEEL L TCRER RGO MG &
HH9 LI L, M S v R BRETF 5T 5 Y
4NV AIREHMEE, BTL L ZOBGEFORBEER
BT 25DTRZVWEDIRED H2, > T,
—BMIEVFEREERDL I L BRERE I LW
ORI B8R, SHROMERHL-RERS
2,

FERED T & 2IFEHRFHADPRBEACBE L TH v 2
B FBCE L T fl, = F v VSO T T —
F—RERATEILET, VANVABREHESI FL
Y OREIE U 5 v 7 Bl R T O IR
ZEE LI BRESH -, FE»SRBICHLLS
F CORMMMES BRI LENH L EHELS
N3y, FHEHEEOWTRBHCHRRERALHET
Hote, FRUWABEL T, BEEREDBEEY
EULTCOFIAMBERME Y, R TONEET
DOFREPFREIN TV L, BEZLWCBLTHREL
TWEBRNREE o — 5 —OFH b SHROBET
»5, BIGUC-BENERRES LR bOT
Hbh, &£z, TREWREIEL 0T -5 —»H
BESN T35 HIZ D0 TOMROER %
HifF L 72w,

RIZ, QDS 87 BREGTO Y RUY JER
FEERIC DWW T TH B H, KEBE TR S
NI BBETHRAGR, 70-=v7 LT RNA4D
5 iR —RELLBETHD, FORFERFOE
% open reading frame (¥ /87 B %2 —N§ 55t
AWOB) L LbicEARAEN, ZOWME, B
HIOBEFOESENPTFED TH 2455 v
JBEOEEICHET L VbRTED®, TMV @
55 3 IEFIRESRO R W, Sy v BDE
EEPEVEVIHELH I LnLEO—FT,
FAXEPAL 774 NADFETIEIOERITZFN
BERBRELELEWSIBRMREINTE DY, »
FhOTVANABHTORUEBRTH B LT
o, KEEDRS, EHFERER NS —~
ZERL CHEBRE LbY TERwD T, CMV
TZOMELZWBETE VY, FHLU-BEERE
@D CMV BRIz OV TRE 4TI BV THBRS &
S, EHEObZAEKERTWIDT, 0L
DEEIFICE BB L IE 2 S g,

Bz, QWL TIE Kozak 54912 & D#E X
iz ‘AlBBwiz T)XXAUGXC X idwihoi
HTHRWL, £/ AUG BEIERBIG T R o) L) g
ik, BEREVREERTORRBRS BT LIEL
RO oD, THIZRRBLZEMIE 2 L
BHoteh, KERTIEREART2RET 5 3H
SEMmoltz, LinL, CMV A8 v 7 BRETD
REROMLELMESNTHEY, ZO®RTo
WMV R Xy F——FEHEYA 77 A VA (ZYMV)
DAY v BRIETERWIEERTER, 20O
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Flie—8d % L 5 WL L7005y,
B0 &3z, 4% s RANLEERS

e T 27 DIEEE R B VWL DhDHIZDOWLT,

KEEBRTEIERI BB LT,

FEIE Fav)EFLAIIMNINET 1
IHBETEAAODER

1. REFIEEREBA W CMV Sy /32

HEEFEA O DIEH
Gus BEFIC L 2 ETFLVEROFBR LD, TEF
X AWEMBEERE, HREETRL A2 VORE
EfcET 2 L oN, COBFERRERALEL
T, FEHIM, HESEOBM, BIREL O
FCOVTES KRR EMZ, CMV 445 > o8
IEBETERHEALLEERRA 0 OEHERS
72o

1. BERUF®

Y AR (A TDIR), T -
SR— (b F SHEE) WU YTk (B
R) ORPEFOEERHE, XEEREF MY Y
L% FAWEIRICHE > THEE, BlEiTo7, &K
121~ 2 BRIk S B 721, FEEE R MS B+ 2
7 u—2 30g/8 DETZER FET0~5 BHFIREE
B{Tolee ZDHk, COFESLERESH T DM 12
Fuyjo, MSE#+-BAImg/e+7 k) T
200 uM Iz A7 0 — R 30g FHEMRML -5
#h, R7a—RA8g+D-7Na—RA &g EEHMLT
Bifh, 72137V a—X 16g R EMTEHIML 7- B
B FT, YIZo 79 X I REHARAATRA
tumefaciens 2 B DITEREBE 21T > 1o, HAFHEEE
BWEKCHEmEEL, MSEH+R 70— 30g/
8+BAlmg/e+2727 47> 300mg/8+4F~4
¥ 0~100mg/l DEFEIEM LTy a2 — b OHEE
BRAI, K3, BELLya2— % MS
B+ 2 7 u—R30g/8+2 T 747 > 500mg/
2+AhF<4 3> 0~100 mg/l OREEEEMATHEL
ThHFP~A vty a—beMbadiz, 14H
ficbtzoT, BFA v EENL 5 o
ELlYa—2EXR1IRTOYOERD, EERE
LTMSEEM+AZ R—RANg/l+2 T 75T
300 mg/e+H F <4 ¥ 0~100 mg/8 O FT
BEL, BEPEECL TRERT-> 2.

] [0 — Prince
40 .
© — Sunday Aki
30 + A —EG360
20 -
10 +
o =\

Pre-culture period

Fig. 3-1 Effect of pre-culture period on shoot regen-
eration in melon explants. Medium
containing 50mg/# kanamycin. *; (No. of
explants with shoot regeneration/Total no.
of explants)X100

2. ¥ g
B v AATY REOWIES, AFvAY
UTE Y = — b OFAR AR 2 BT 2K
THRLEL, 3HULfT-REKTRELLIIETTS
N H o7 (Fig.3-1), ZOfFKRIE, 2 BREDR
BEMCEERESErm LI I E2RLTY
%2, Ti77A2 ¥ T-DNASEEOFTI D HL
W2 vir BEFOERASHETH Y, ZOHEMEL
W ISTEYIEOTEES 2, MilSRE T2y 7
YVIEBELBESLTWw I EAMEIR T 55,
D%, MRV S AEERIECE AL DR
EIREEIC B 5 hE IS, WEHIERSREELT S
BELBERTHL LEZONS, ZOHRKBWIR
EBCHER L EYHERER OSER T 2 sEBvE
Fid, BERFUCARBEEIMEL, 20 % A
L1z Tk vir BEF 2EHCT 2 LD 2WEDOK
HER P LwEEZ oM, %2 T A. tumefaciens
L AR S B LAANIC, AMER Th 2 TRVET 28T
BEL, TORBEEOERLERAT. ZOTE
B EROERE—FL, HolkBBELTicBW T
BEPTOROVELY bHEESL 1~ 2 HEfT-o 2
ROFH, HF<4 vy oty 2 — b OFEHMEEY
FE ol 3HMUEESESET T 2ERE, A
DI BIFBY —T7F 4 AT EOBEOEMEER
EOFEK L FEE, BEOBRERRESHE Iy, #
BEOBESMMEENETTI20TRZVHIEFZ T
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% ,FANG 52345 LT X 0 > OB T3, 5
%5 HEHORBB L - FEERMMER & LTHERT 2
XY, vir BEFOHEMCOMEEZRL T
%, LU, FFERICL ZBECHIFROTFIERS
MR ET DI LR LD2FMEEDETR2EET L
i, FHMEEOR WEBET TEER R AL iThEE*
T2 DR THS Do

B F =AY K BRRIERFIRTEN S 5
ERDE IR B,

B1IXRGEK . va— VEERE A ALY

50 mg/¥
B2LGRK D v a— MERREM A Sy
100 mg/@
53 RGEE [ BIRAEM A v
75~100 mg/@

Fig. 3-2 Selection of kanamycin resistant plant in
the medium containing 100mg/¢

kanamycin.
hypocoty!
cotyledon _ _
Melon seed preculture
for 2 days.

Transgenic melon  Shoot elongation on

s - @

Shoot regeneration on

T E R 21T 5 Jo AME R X, A. tumefaciens
D7 T VT &L TORERRE DT OFIEYE
DB 2T, EERIMER L ZRZ2 0 F<A Y
VRN RO L EZ 5ND, A. tumefaciens & 3t

[A]

(1) (2) (3)

Fig.3-4 [A] Shoot elongation on the medium
containing 100mg/¢ kanamycin.
[B] Rooting in the medium containing
100mg/¢ kanamycin.
(1) Control(Non-transformant).
(2) Escaping(Non-transformant).
(3) Transformant.

Agrobacterium t. co-culture
for 2 days
wash Co>

Ve

MS medium (Kanamycin  MS+BA1mg/ (Kanamycin

100mg/l+claforan )

50mg/l+claforan)

Fig. 3-3 Protocol of transformation in melon.
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FREELUEERTIE, 44y VBE % 50mg/l
KHIZTOEIREKRE LT HFoRMESE SN
Joo % 100 mg/8 & 3 % EEBR 1T - 7228, 50 mg/
LivbefkeL tBonsd b <4 v Ui
Va—ORBREBITEIEHS, IORATHE
BEEEE=»D 3 0EZ e wEEz Sz, B2 R
WM EE DS F =4 v T HEBRER TR WD
EEERL, BREZED A ZEPEETH - 1,
B IXEREHIROGM e v O AR BIRERE T
77z (Fig.3-2), YIDH -7z 2 — b OFIMREFIC
BU DA F <A v M 50~100 mg/l (55 3 &
BI8) TH o 73, 50 mg/8 T b BB LI FAR
T5bOREREMET TH -T2, L, RERK
BOBLTTO WHEHERHEE T 75~100 mg/d @
AFVAYVBEESRLBELETH T,

D EOHER, KEBRTCHWI-GE 7Y YA X0
¥ TOROIEN S EELTER Fig. 3-3 12 %
ED 3, ZOHEERBOUEEEIEY 3 » Ak
)R Auy OH Ay UhtEEEE 21
EEE 72 (Fig. 3-4), 2V — 28— TlREBE ST
G LEEE & D% L, Edd X 3 23R D
FWREERE SR T 2B oo, %k,
YT CTRBPEEREEB LI L TER
»olz,

II. AF=a4oMEARIZET S CMV 4
#Hy NI EEEFOKRY
Bonichr~4 v roiftEEY O DNA 2 #iH
L, 7/ Az CMV A8 >3 7 BEE TS A
RAENRTVWBEIEERPCRE® LYY ot TYSF
A¥—va v AnTHERELR,

1. MHRUFE

Bonlp ety CIEREDOLE & HBXOLE
BEREL, £ RHEE L 7z YE» 5 O DNA il
I%, Cetyl Trimethyl Ammonium Bromide (CTAB)
WIS it o7z RNA SRR CHLEL
T, HLSWNES CHRABBNELHEEL,
DNA QEEERE Lz, ZODNAFEEZHWT
PCR ¥ & B8IE%TT o 72, CMV 445 > 0878
BEFOREERRY IO 5 /L 3 BB, 25
HEO2BOA VI IVAFFFI4~— 30
& 5 fHIA) % DNA &5# (ABL#) T&R L7z,
RIG#E, oy Fr7F2—7 (0.5me H)

TLUTFORRICHEEL /-,

DNA ¥ 0.1ug
T - RAREE 1 M
ABOTAFVRIVAFE  BHREBEES 200 uM
10X Kt P AE T 4 48
B2% (Taq polymerase) 1 B{7~ 4 Bifi7

REAEL 40 ul 1T 5 & 5 AR N2 %
RBE®, RICPOEFEEZHSLOBEEGHRO L
FINTAN220ul ZEELT,
KEED ST 4 ~—HEHiL,

CMV 5: 5-CTTTCGCGACTTAACAAGACG
TTAG-3

CMV 6 : 5-CTTCAGACAGTTTATAGCAGA
ACTG-3

ERW, TmEIZ 4X (GHO) F2X (A+T) & LT
HEPENZ DT, ZORRE->THBELLEIS
63°CLiente, TOHEHERL T52°C, 48°ClitfIZ
CO TR ER BT 25, CTTHER
5 DNA WiFr o 038E &, FERRE % DNA
Wi OIESEHE SN BP0 T, KISEEEE
TOXSHEL,.

@® Denature 92°C 2 53
@ Annealing 48°C 2 4y
® Extention reaction 72°C 3 431l

UFEORIGE 2594 7 M T2l RIGHET LTz
#, RADIAINLFANEREL, 1 ug/ml B4
ITFTLEMII LSRE@MET A=A T NT
BEXWKEI T o7, 2 OBENRRST T DNA I
FEMERE, ZOFVEABTHF N, 7Y 74
Y-y ar&E{iol,

2. %% 2

PCR iz & 2BIRBOFER, 1 F < 1 ¥ VitHEED
DNA g8 & L 4 B0 » S5, 22077
4 > — [ TRRENCHEIES 13 620 HEX O DNA
W SHERR A nTz (Fig. 3-5), FEREEHEDRE
T, BB S hi: DNA M idiER s koo &
7z, DNAOR O Y WEBKEFELLZRABTY
DNA W BRI T, AEOBRAOWEME LE
ETHIENTENL oT, 20620 HEND
DNA BiF & CMV A & > o8 2 Bl iR F OHEIE I
L BEMEFE L 50, DNA B BBE S - EE
TO CMV #45 > 0% 7 EEBET DM A B DI
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620bp— 8

M123456NW

Fig. 3-5 Detection of CMV coat protein gene by
electrophoresis of PCR-DNA.
M: Molecular size marker, ®x174/Haelll.
1-6: Transformants.
N: Non-transformant.
‘W: Water.

pr 109 -85 A BT NTW

- B

620bp—

Fig. 3-6 Detection of CMV coat protein gene by
Southern hybridization.. 1-6: Transfor-
mant. N: Non-transformant.

W: Water.

ENiz, DNABTF SV EARBH T THRE Sk
MHolED D2 ODHRZOVTIE, FFEINAT
V¥4 X -y a v OREE, MO EEmEA L EEO
v 7P Sz (Fig. 3-6), FEEEEIERK
U'DNA O D KZEARE NI HE» 5 XY 7
FNVBHER SN Rl 5Tz, iz, Y7 FIVIE, 62038
BEND1IADAT, Inps PCRIEIC X > THH
X7z DNA W23, CMV 4y v o8 7 Biltfn+
DOHEINT-bDTHD I L PHERI NIz,

UEDHERNM MR L& TOh I~ A ¥ it
AR CMV #t5 > % 7 BEEE T EAA TN T
W3 ZEREHS M T,

Il. faEFMHEIZELSD CMVAHES /o8
BIEFORREYDIESE

BALERZRTFOMEYETR TOFHIE % Dot-
immuno binding Assay (DIBA) #5752 & D #i#&
Llzo ZOFEER, BAE, WY A VA DERKMR
HEE L TR ERL T ABENRETH L LT
4 ¥ (ELISA : enzyme-linked immuno sorbent
assay, 5 6 ZEZIR) O GFEEICRE> TS vk
BELPURSY v BRHETH 5,

1. MBERUFE
DIBA #EDOFIEIZLATOHEY TH %,

1) WHERER O EAEREOE.1g %, H
B OEHEE (Tris-HC160 mM, pH6.8, 7V %
a—N10%, AVHE TS NLY ) —NV5E%, 7TV
VBT Y Y A 0.1%, pH6.8) TERT %,

2) EERRE R 5 SRR T %,

3) EdfEE LR % BV 15,000 rpm, 10 43+fEE
Y %,

4) E¥% TEREKTI0 EEETERL, ¥
TBS i (Tris-HCl1 20 mM, pH 7.5, b+
FY T A500mM, pH7.5) RKRELTBW=
faErag—2A X7 2 TOXAKRY b
L, JARZ3 %,

5) ZOAYTV R IBDFTVMET VT IV
(BSA), 2% D PVPHEH T ay x> 7L, 3k
FACT VI EEZESE S,

6) —XFiATH B CMV 445 > /87 HDORY 7
a—FVHR (79F) ERIRSE, TovFr
T WO TARER THE S %,

7) 2RGUETHBTNVH VKRR T 75 —¥ THE
BLichivdrF-f42/7a7) > (IgG, ¥I=
) EREESE, RBEREaF (=ta7v—7
b7V ) 7 A 0.33mg/l, 5-bromo-4-chloro-3-
indolyl phosphate-p-toluidine salt 0.17 mg/¢)
ERWTLET 2,

B R D FLHE(E & U CERRIC 10 fEERBE THB

L 7z#fift CMV Z [FEREOFIETRIL S €72,
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(ug /1) 5x10 § 5x107 5x10™ 5x107 s5x10%
Standard ! 0
fal [B]

Non trensformant

Trensformant

Fig. 3-7 Detection of CMV coat protein by Dot-
immuno binding assay. Standard: pur-
ified CMV. [A]: Undiluted solution.

[B]: 10-fold diluted solution. 2u ¢ per
spot.

2. ¥ e

SR % Fig. 3-T 0FR LTz, FEBEEA TR
BHEA W WREASSBEEREORE » o il
i, HYMERNTHGEY 7 BREESNTWS D
EDYEAL Y, SO EDSEALELGTNAD
YOMPAFTHREN TS I EBHEL P ERS
Joo Eloy ATV EOREBEDKESPBER
fEEMcERD D, REBCESHZ I LHEAL
fzo THE, SSREETFOREHE FOHEAALNE
WWEBER, WHhYBMESHE (position effect) %
THLIUEELELZOND, JOARELTIEA
ENISBRIET OREMEE O AR AME DRSS % 80
ST 52 EOEFHRERETSLETH S,

. # =

AE T CMV Y 7 BRETFEAR DY
DIEHIZDWT, FEORWEER RO 2 20
BRIz, TRbb, £1ECRBERR
Dl D> OEMEEER L U TR EFEERPEET
HDI LB, FETEINEECHEL,
MEORWLDE Lz, BERMEHBRDWTIEE
1HiOBEDED TH LW, A et sBEk
BAOEHRESEL L CRREERLE L U,
BES < QR B WV COREERESMER s h
TiWw33, Wb EEFREOF L
B5H5DTHED, HHEVRBEICE28DTHS &
Wb,

A CHESL U Fiki, MBS v R Am
CREZLOTH-T, LT ULMOREHET S
riREshn ENHEEL, RERAGDECHREY

Bt 2 BRENEEETRER S LRSI
Kol

PEH U 72 RO DNA VUL COfElfiz A
Wiz, PCR-Y YNt 7V F4¥—v a Vikid, %
 OMFETHFREETFORBCHCORTEY, %
DHFEILSERTEYDOH B, LHL, PCR#E
Wi, 7/ ACHBAENIEBEFO I ¥ —HtR
EFETERVEVI KERESSNDSZ, IE—HD
WERITY, 1 av¥—0fEERELEThE, #
RICB T2 BERITEREIC D I EEETHB
D, TOMSE L &HZIW, 1a¥—-wkIib
DIEFEOTHEEEFEA W S I & IZASR R
EWhSZNE L%, AROER»S, &
 OWEEEEEEH LT 1 2 € — TIEFIEDE
EEEREL, d20REIC—OHEKLTKT 2
ZETEEBHRENITETI OBPEZE LW EEZ T
%,

HED L S, TRETFFERD» S OFNEHEBLE
ZEAVTHEDBW A 0y OEERR PR T
X3, CMV Ay v N BEEFEHERTS
B A O > BER LT,

B4E FagVEPALAIIANLIARET -
S EREETEA A 0D CMV EHTHE

TANADHNES o BRETEBALZEE
SRR D T 4V ARETIEIR W DO T A VAT
EOLTHMESNTBY, HLOBE, BEECS
U3 1 REROMFISPBRE S LT 50, % 7e, Bl
BORPEBRITIL A VA LRSS TS, ¥
4 VR OB T BB ITNEE S 1, &5
BRSMH S NP b mESNTWSE, Lrli
DS, TN DY 4N AFEFSE SR E R 5
FTLHMEENZ LIRSV, ZOFRREEAL
Teigk s v 7 BRETFORBRICH 2 LI 8ED
BD0, Ny Ny BELBTFICE BT A VAR
EHEOBEIEHIS L TORLED, KEERE
Bowily, FPFETER L CMV 4Ly v
BEETEAA Y TR, BALLEGTFUHEIEL,
Ny T EREESNTWE I L REIRESB
WTHEH LT, RETR ZOBEEED CMV
R OB THEL =,
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. #EREICLIMEERAO0 D CMVIE
£\ 3

HARE T TO CMV OB FRENRRTH
BFTILVREBLOTHN®, EBHWNE CMV
EFMERET 2101, fFh U WEERE L B4
OEFIzB W TRHEK & AT 2 2 L 238EN
Thb, BEHEEEY AW EBRBSHALD & 5%
FLCITbRT WA 7 A ) A ERE TR, BLCaH
5 VN BB ET REA L EERE DB/ B
BITbhTws, Fl2iE, Y¥r T4 ETA VX
(PVX), P¥ A4 ETA VLAY (PVY) DAL >
NREBGFR2EALL MY NTR, 777291
WMok 2B TCOTANVAEINENREEI N TW
5649 Fle, CMV IZDOWTRIFBEERF 2 ) %
HuelBAcoBB»Thh, SBRXIEE
CMV EHHEMNRE SN TV B9, =75, ARizB W
TR E A OB HE 1T BB 2o BB B R 7 1%
TRITNERD N T, 2, YA NVADFE
REBRERGIIRESEEINLODT, H—BREL
L TIRE R £ OERMEDORE L - EIHR KB
NT, TEERA T YO CMV L2 HE L2,

1. MERUHE

e U - EEREED 5 5 M4, M5, M6, M7,
BRUMS %, loxaBRE L CIFREERAL S
JUL, I EE2E VAR ETEST, RBEEE
(25°C, HARER) BV TEHL L7, WEE LT
HizE=—VRYD, TS~ 8 HIERIC K72
BREETHMALZZCMV-Y R % 1 ug/mé, RT10
ug/mé O 2EBEOBETH—RIT VI LAZRNT
ANLHEREL 7z,

B, EEE0#, EEOEYA 7 OFHE,
AW W BERRB AR 72 ERRBOEE L LT, RF
OB ERA L,

2, #& 2

FIROHER I DV T OHERK R % Table 4-1 1z
L7zo CMV EBED 1 ug/mé 05, I HEME
TREEZ3HELSFERLIOKTL, BEEEMR
TR TOKRT20 HE 2 CHRBEMIIH S e,
CMV JBEE % 10 ug/m8 KB DI BE T, ERG
ERES3HELSRBE L DML, M6T1H
D, il M4, M5 &N M8 T 2 HOSRDBIEHE
gZ2a3nt,

Table 4-1 Development of symptoms after inocu-
lation with CMV in primary transfor-

mants.

Plant CMV Symptom development”
/line (g/mé) Days after inoculation

3 4 5 20 46
cl 1 + o+ o+ o+
M4 1 - - - - -
M5 1 - - - = -
M6 1 - - - - -
M7 1 - - - +
M8 1 - - - - -
C2 10 o+ o+ o+ 4
M4 10 - -+ 4+t
Mb 10 - - + + +
M6 10 - + + + +
M7 10 NT
M8 — -+ 4+ o+ o+
¥ C: Non-transformant, M: Transformant.
¢ + ! Symptom developed, — : No symptoms.

MEOHESRE,» S, CMV Ay v 32 B8ET%
HALUBEESR A 0 i CMV ERgELMAESE SR
ol b, BEBEEEO COREINEET 5 L,
EHMOBECIIERZSH S L2 EXHEBAL
72,

II. fhSiE e @ CMV EEHMED LS
BEEHAO CMV BHM4ORE R, VA VAR
EHoBEEREE L THRL SR TW S RER, H
RHER Y OF DY A L ZREIRHIE ORE & gL
72o Th o OFEED S EEREOES T ORI
EMETS L L HIC, BEARE L TOFHDEE
EEFELZ—BETEZ LT,

1. BHRUFE

B AT O HRERE ¢ CMV i %2R
Ufe M5 Rt Fviz, 7 A4 Vv AIRIEHISEEREREA
LT, HETREY A VAKENSEEESM
LTRWORTER S—F o hY, 2D 3 —F >
AV k0 BMKEATERERBRSCBWTEK
SN VAN ARBRERMO TR TH 2 K
1 RCFEIE, TCCBEROERIET
DA NAREFEEZF D b T 3 ‘WWET O
4 RV, TSRS Ui, BEEREE
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FIC YR A (FHIDIAR), #v hRa
YTHD T == (b FIHEE) BT —
WATZ xRy FRO Yo F—R (BEEEA) 28
Wiz, WHEEBREZATE & FEOFETH LT,
o GEIBEL C, WEIFIABEOETRRE L
o lof (RS ~ S MR it CMV-Y %%
H—RI VI ABROTALERE L2, FEEEIR
2ug/mé &L, BEERBERE BT, 25°C, B
RARTCITo e HEEZ 0 HEC EEDE YA ~
FERPEERE A EERFORE L U THEL .

2, #% 3

RIRTEOR R % Table 4-2 2R U7z, BHEE 30
AHZBWIRKEL 2o -k 013, BEEERE M
R T —F A DA THoT, FOMDTA
N ASREIESER TR, FBREECEY
Aoh, HRGELEN, VA4 v ARERTIT S,
L UEN ORBRBLWbLOTHo T L L,
0 AHOBETRETHRB L, Mb Rt & ttic

Table 4-2 Comparison of symptoms after inocula-
tion with CMVY

Plant Symptom*
no.

Cultivar/Plant line

Non-transformant Cl(cv. prince)
Transformant Mb5(cv. prince)
Virus resistant cv. Mitankan
Ano-ichigo
Ano-sango
Yamatouri
Commercial cv. Prince

Green pearl

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
Sunday Aki 1
2

I S

¥ Symtoms were scored 30 days after inoculation
with CMV.
Concentration of CMV solution was 1ug/mé).

z + ! Symptoms developed., — : No symptoms.

FEL o EfiERE I -y A, 20
Bl & b o3 & DI & IBETCEL

CEBZLDEEZOND, ‘T —F > h 2 131967
£, &R5D 1L > TRLBHE N 7 AV AFKEH
ST, PErSBAINEDDTH S, ZDHK,
EHS® 2L oT, 207 A NAREIIEL MO
BEDFLIZBLIAELBERCEN, BROER
BEFTEREINTWS 2k, EIERT CIIERELE
PO OENTERIC RS Z R EPRESHh
T3, BB TRERPRDEL Y AV AREREZR
FTrEEIh w5, FE15 RP'ERIE &
D= ERFRELTEHS® STH
ERBETBER LUV A N AFEFEOHMEFEATH
%, SME, AHE, BELL-TORBEERFEELT
B, ~HOMETHEREL IR TWS, L
L, SEOER T ERE M5 Rz I
TR EOER L ko,

UEozZers, PEEBEMREORD
CMV 5, 74 LV AFREHNEEORBE TS
WTHWSNTWL S HEER, ZE 15, TE3S
PHRAECLERFW LD THL I EBHEBHL, F
BREA: L TORMNURETH B L BEIEE L
726

. == =

KEBETIE, CMV 45 v BBETE2EAL
7B A 1 > 0 CMV BHHEORER & % O
EE OHEBAETERT o RERICBVWIEERR
o CMV EFHEE R, YA VAOEEREI X
DEEShY, FEREEREFCHAETRERELR
Uiz AIRUL728Y, ZD& 3 iy 78
& 5740 2K, TMV, CMV 28914 )L
AEERBbTHESh T2, LaL, Bk
ABEGETFOFREN TH L0485 v 7 BHETH
BEVBIE|ED P, AES R BEZD LD TR
{, EREEYO RNA TREVHEVLIREO 2 ¥
EBEosdy, ERtoBBiIy v AB I Bl
ZEEZHND,

EEBE L 2 BEREOEZRE, CMV 2i3#Ek
LITANATN—TDTMV RS, PV7 77 7E
FA4 794 NVR (AIMV), PVX R ¥ DAL o8
7EBEGRTEEALLBEERS a0
bIREIN T3, L, KL LEL CMV O
Nty X EEE T BA L REERY NaT
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13, BEREEE % 5 ug/ml 25 25 ug/ml NEE DTz
B, EHMEEMZEA LT LAR»o T LR
ENTWBE, ZOFREROZERIL, fiEA L 1z drko i
TERENELLDOTHE T2 2 LiFEH L WY, VA
WVRBEIT S B HEMEIORZEOESS, HD W
BB RISRE R P DENTHB EEZ SN
3, ¥z, KEBRCBW UREERADRRIC L 2
7 ANV AIFEIEOEZREVHER S, MoHREICH
W ABOERBERSIN TV S, ZOZERITFH
BLTwaE5 o7 BR EMHE»PD 2 &V
£ DWBARTH 2 EI|EW 23D D, BHRET
WEwREE TR Y,

Riz, HER L7z CMV EHENEEOBGIEERE
WINA SN2 ATREE R HE T 2720, HilkEh T
% RS CMV PSR OR D ARROIESIM: & I
BHE LT, TORKE, BEERRIIRD TRV
FiEz2E>Ewbhs I —9vh Y 2REETO
BRI AR E R U, k2o H 27 A
WAFRESUERE L, Ay R HEEETFOEA
kB TANATRESIMEE 2 20 X D L7235
#£i, FLA LW, HE— GONSALVES 5% 73,
CMV 45 v 7 BBETREAL LB EEHE
Fav ) LIEFMEEDF 27 ) 2w CHIETE
BT IREND Y, % OGO T CRERLAD
EHEREE EE S 7 A L ARG 2R L7z Ll
NTWwb, KREREZBOWTEH L AT VL, ¥4
NV AFREHIHEIC DWW TR S = A’ DZFNEHE
BETH-o 20, MmoECBWTHL»IZENT
WR Y AXaThY, ZDERELEORAMX
FWubDEEZSND,

L EDRER»S, CMV 4 4s » o8 BlnF %
o BRmk 2 o NIEREREEA L D iR
CMV EHMEREO 2 &, 72, k1 SBRICAL
SNTER VA NAFRIUERE L FED 5 0k %
NLLED CMV IBFS RO EBHS N LR D,
EERAORD CMV itk EERA L LTE
AlticidzBsdb0eEZ 5Nz,

FESE FavEYAI7ANRAEI D
HEBEFEAADDBERRKDEHE

BA LA REGTF OER & 2 OFHEOERIL,
B 5O AWEEBRCBE VT, BEADINHEOTEE
HEEATZ2METH 2, B, 533 ORERR
HOBRT, EBALLEBETH A VT IVOEEED]

ZHES EIEEINTWE™, L L, ZOFKBE DOV
T, Rz THIHE S S En ) RE™ PHHE
EPYURE—BLEVWEWLIRED R EHBH YR
RS0 % v, TR L - TEEESED BjE
#BREELEL, BALLEBTCTORE, 717 ~<4 Y
VRN N CMV EHUE I D W» THRET L 72,

I. BREEI1RIZEITE CMV AT 08
BEEFOBBE HF 741 2 omitE
1. MERUFEE
HEmnEL R 2 RERRE (25°C, BABEET)
FHEEL, ANLZHLTRELBL, ZOREOHET
PREFEFBR S DY YA ZHAVTEER X D EH,
YL, 1/2MS i+ 2 7 a— 2 30 g/¢ DEFE:
W SERERRRE U Jo  iBRER 10 BTt CHREFR 2 HE
Lletg, snehz@EaEL, feEiELl <7
o= EEEE ST OEH L, Z20HhD 1 7a—v
i, Ay UiEERRET A9, 1/2MS K
HWHA7u—230g/8+AF<A4 > 100mg/l D
Bt EE O A &I D B > TRAE L 72, B
% 2B b Tz o THFRARDEERH EE D L%
HL, £z, i 70— 513 DNA Z2HiH L,
PCRE LYY und T F4 E—a ke Hun

620bp . . - l

123456 NWP

Fig.5-1 Detection of CMV coat protein gene by
PCR-Southern hybridization.
1-6: Transformant.
N: Non-transformant.
P: YI25 plasmid. W: Water.
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Table 5-1 Segregations of transgenes in progenies after self-pollination of transgenic melon plants.

Plant No. of Kanamycin resistance”

CMV coat protein gene*

line* plants tested R S P N x° 3:1

M4 10 5 8 2 0.13 0.5 <P<0.75)
M5 12 10 2 0.44 0.5 <P<0.75)
Mé 7 NT 5 2 0.04 (0.75< P <0.90)
C 6 0 6 0 6 2.0 ( P <0.01)

* M: Progenies of transformants, C: Progeny of non-transformant.
¥ R: Resistance to kanamycin(100mg/2), S: Sensitive to kanamycin(100mg/#).
* P: Positive {CMV coat protein gene sequence was detected), N: Negative (CMV coat protein gene sequence

was not detected).
T CMV 45 v 7 BEGETFORE 2175 72,

2. # g

WEEEA LR, B, £, i,
HUERE L VIR EERE LI L A ERIY
Mol LR b IER T, BE OEYE L B,
ZHMBEHNOHINBE TEFOLLRELPEEL
12, CMV S5 v o8 7 Bl a7 i3, BEERE M
4 AT 10 @k 8 ki, M5 R T 12 FiEh
10 A, M6 REHET 7 Bk 5 ks & e
(Fig. 5-1, Table 5-1), E B &SI TH 2 25,
s o BBETRE S nzEE LB s R
Bhhol-EErOHIZ3 1 L RR LBAHETHY,
BALREBGETIR I EETECEASNLI EHES
7z (Table5-1),

HFvAy IHEREORE, M4 RHT 10 FE
o 5 {EfADS, M5 B#ET 12 fEkh 6 B 5 < A
VUM E R Uz M4 BRU M5 REECid v d,
Sy R FRIETFSBRHE SR TW bbb
S5FhF A v ritER RS uEESBEEI N
(Table 5-1), Z DRERTOBES R B 1) 5
2R EOERT, 774 ¥ UitEEFO A%
LizBSos B LTz, Qb+~ 4 v UlitEEET D
ks R BREFEER, BELTWLH, KR
PHH I TWE, LW 2 O0OTFREENE Z Hh
%, ZO2Oo0FERIE, WALy +HEIVEL L
Ezohb,

OBERTH L LTI, A, R—ERcE
ALTz 2 DDEETFY, HIEWETHEHT I LK
Kb, Thit, WEEREOERADOFTEEH 2
SNTWEREEY—-V—BETOBREL WS ME
%, BREHAICBWTHETS 5 A2RE L T

WHEE2 LS, QBREETHL ETHIE, vF~
4 v UHEE T &, Y V2 EEETFO S o
E-F—LEALIEREHLERELTHT SR
2, Lo, ZOREORINICIRX SR PIT
BLBETHH D,

U EDERN»S, A. tumefaciens 12X > TEHAL
12 BIETY, BEERREOBMEBERICLVTFEET 2 L
Lhiz, AORBELTHS I EBHemE Ko7,
¥, REOBBKEBVT, HAKBEFORRIY
FoA YU ORER E —BT 28, FROMFX
NTOSEESDE RS HET 2 2 & LIz
Tolz,

II. EERBRAATES 1 X0 CMV I
1. RESREEES 1 RCsU3nF21s >

Tt A DEIRE CMV EHTH

1) MERUGSE

HTE TR U 7o e g M5, M6, W fiz M7
DEMEEI1ROBETFEEMFERBCEDEL, 1/2MS
B+ 70— 30g/l 2BEL LT~ Ay
100 mg/¢ BN 7243, |EENO 2 WOBEEEH LT
FFEE, BRETOIX, TORVROD2REZET
2o D%, ZhoWERREEDEENALIFPE
kO BB OYEYR LS LI L, REEE
THUE U7z, BEES 5 MHlithc 2 - 7R T, ik
CMV-Y % 2ug/meEH—RI v Fr2HVTA
ITHEL-, Bk, RHESEQC, BARERET)
KB TEBEEOEEL FEDE YA 7ER, Bk
EWMERZ E 2= E UT, REHER2HEL -,

2) ®BR

A F =4 v U ERIR U R B Ok L E
RICEFURBIRL, BEREDORER, FREIER
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Table 5-2 Development of symptoms after inoculation with CMV in the progenies after self-pollination of

transgenic melon plants.

No. of plants with symptoms

Plant* Screening® Total no. of D : —
line s il ays after inoculation
3 b 7 10
Cl = 5 4 5 5 5
C2 == 7 2 7 7 7
M5 = 5 0 2 2 2
M6 - 6 1 5 5 5
M7 — 5 4 4 4 5
M5 < 3 0 0 0 0
M7 + 5 1 3 3 4
X C: Non-transformant, M: Transformant.
¥ — ! Without screening, + : With screening of kanamycin resistance on the medium containing 100mg/¢
kanamycin.
# Concentration of CMV solution was 2ug/mé.
TEEPITED 51Tz,

[A] [B]

Fig.5-2 Symptoms after inoculation with a solu-
tion of 2ug/mé of CMV in progeny after
self-pollination of transformant.

[A]: Progeny after self-pollination of non-
transformant. [B]: Progeny after self-
pollination of transformant(M5).

o BHEERRS 5 HUNERBE L0, BE
RO BB CIREFEE B L 72 D,
AN T BEEDEZE S Wz (Table5-2), <
4 ¥ U tEE CEE T OFR 2 TR L
RT3, LakolaK&D bHEHOME S s (Ek
DENNL 72, BT M5 R Tld, B 2Tbad-
7o RIZ BT 5 [ 2 (AR FR L7z Dt L,
B AT RRIEBWTE, #HRALL 3 FEEETH
BEEZIOHEORKHAEHE THRBE L 2ok
(Fig.5-2), %7z, BJEE 10 CMV EhiiE iR, B
KRTh B HEEOME- OS5 E L ARk, Rt

P ED#ERMS, CMV 4y v 7 E8fmT %
A LR X o >0 BHiES 1R BXLE
O CMV i siff5ani-2 &, 2 =4 v o
ML FOFH L T s EKR T, CMV iM%
FompetnmE<, v+ <A v vimEo TR B
45T CMV PR R SRk TE 5 2 &
DS M o7z,

2. MERRFEES 1 KORRMBICL 3 CMV

I D EEER

HIEZRARORMHEIC BT 52 CMV IBFTHEOZERE %
S5 IR L, P OB W R 2 #E T 57290,
BERERE O EA S 2L L TR0 FE %
T

1) MEROGSE

CMV ISP % R L - T isifafk M4, MS, 3
Wiz M9 R0 BIESE 118 &I BRI A ETEE 1
ROBEFE2MIERIC 20/ DL, 1/2 MS K+
A z7a—2R30g/8+%F <4 > 100 mg/l DEF
B ECHEFRE, YA Y UERTEE L,
HFA Y UM R L AR, $ET-EMEL,
FREEEE (25°C, HAHET) B THEE L,
FEHHS 5~ 8 WHITRIC 28 - 72 T, #lifb CMV-Y
Fo2ug/ml B H—RT T AEACTATEREL
Teo O, BEREIEOEL LEOEY A 7 ER,
EGERER E 2B e L THRROHER EFE L
T2



H EEBIC LS 2 ) 2L 2 A VRIEFIEA v OER L FIRET 255 355

Table 5-3 Segregations of transgenes in progenies
after self-pollination of transgenic
melon plants.

Plant Total no. of Kanamycin resistance*

line” plants tested R § = 3:1

M4 23 20 3 1.75 (0.10< P <0.25)
M5 20 I 403 (0.5 <P<0.75)
M9 50 39 11 0.24 (0.5 <P <0.75)

C 20 020 — -

¥ M: Progenies of transformants, C:Progeny of
non-transformant.

2 R: Resistance to kanamycin (100mg/2), S: Sensi-
tive to kanamycin(100mg/8).
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Fig.5-3 Development of symptoms in progenies
after self-pollination of transgenic and
non-transgenic melon plants after inocu-
lation with 2xg/mé CMV. C: control(non-
transformant). M: transformant.
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Fig.5-4 Development of symptoms in progenies
after self-pollination of transgenic and
non-transgenic melon plants after inocu-
lation with 2xg/mé CMV.

C: control(non-transformant). M: trans-
formant.
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Table 5-4 Segregations of kanamycin resistance
in R2 progenies after self-pollination of
transgenic melon plants.

Plant No. of Kanamycin resistance?
line plants tested R S x° 3.1
M5-16 20 2 18 — (P<0.01)
M6-17 30 24 6 0.4 (0.50<P<0.75)
M5-18 20 14 6 0.26 (0.50< P <0.75)

z R: Resistance to kanamycin(100mg/#), S: Sensis-
tive to kanamycin(100mg/8).
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Fig.5-5 Development of symptoms in R2 prog-
enies after self-pollination of transgenic
and non-transgenic melon plants after
inoculation with 2ug/mé CMV.

C: control(non-transformant).
M: transformant.
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Fig.6-1 Progenies of cross-pollination of
transformant in isolation green
house.
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Table 6-1 Detection of kanamycin resistance and CMV coat protein gene in progenies after cross-pollination

of transgenic melon plants.

Cross combination/ Total no. of

Kanamycin resistance’

CMV coat protein gene®

Cultivar® plants tested R S P N
Ano-sango X M5 19 11 8 13 6
Mitankan X M5 25 18 7 NT
Prince melon X M5-14 10 5 5 6 4
Green pearl X M5-14 9 4 5 5 4
Sunday AkixXM5-14 10 5 5 5 5
Yamatouri X M5-14 9 5 4 5 4
Ano-sango 12 0 12 0 12
Mitankan 6 5 1 0 6
Prince melon 13 0 13 0 13
Green pearl 0 3 0 3
Sunday Aki 2 0 2 0 2
Yamatouri 3 0 3 0 3

X M5: transformant(cv. Prince melon), M5-14: Progeny of M5.
v Kanamycin resistance was scored 3 weeks after culture initation on the medium containing 100mg/ £

kanamycin.

R: Resistance to kanamycin(100mg/#£), S: Sensitive to kanamycin(100mg/4).
z P: Positive (CMV coat protein gene sequence was detected), N: Negative (CMV coat protein gene sequence

was not detected).
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Fig. 6-2 Detection of CMV coat protein gene in
progenies after cross-pollination of trans-
formants by PCR-Southern hybridization.
1-5; Progenies after cross-pollination of
transformants.

N; Progeny after cross-pollination of non-
transformants.
P; Y125 plasmid.
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Table 6-2 Development of symptoms after inoculation with CMV in progenies after cross-pollination of

transgenic melon plants®.

No. of plants with symptoms

cv.y Km? t:s(t)églpfiz;ifs. Days after inoculation

1 3 5 7 9 11 20
Ano-sango — 2 0 0 2 2 2 2 2
Ano-sango X JIR2 — 2 0 0 2 2 2 2 2
(Ano-sango X M5)-5 - 2 0 0 2 2 2 2 2
(Ano-sango X M5)-6 - 2 0 0 1 2 2 2 2
(Ano-sango X M5)-7 + 2 0 0 0 0 0 0 0
(Ano-sango X M5)-8 + 2 0 0 0 1 1 1 1
(Ano-sango X M5)-11 + 2 0 0 0 0 0 0 0
(Ano-sango X M5)-12 + 2 0 0 0 1 1 1 1

* Concentration of CMV solution was 2ug/mé.

¥ JIR2: Non transformant, M5: Transformant, M5-14: Progeny after self-pollination of M5.
? + ! Resistant to kanamycin(100mg/£), — :@ Sensitive to kanamycin(100mg/£).

Table 6-3 Virus concentration after inoculation
with CMV in progenies after cross-
pollination of transgenic melon plant".

v Ko Tested leaf”  \fosaic
I U symptoms®

Ano-sango - >2.0 >2.0 +
(Ano-sango X M5)-5 — >2.0 >2.0 +
(Ano-sango X M5)-6 —~ 1.44 0.84 +
(Ano-sango X M5)-7 +  0.07 0.00 —
(Ano-sango X M5)-8 + 0.76 0.10 -
(Ano-sangoXM5)-11 4+ 0.22 0.00

(Ano-sangoXM5)-12 4+ 0.76 0.20 —

v Concentration of CMV solution was 2ug/mé.
After 12 days, 10-fold diluted sample was tested.
Data was expressed by ELISA value as the aver-
age of 3 replications.

¥ M5: Transformant.

* + ! Resistant to kanamycin(100mg/#),

— . Sensitive to kanamycin(100mg/¢£).
¥ I: Inoculated leaf, U: Upper leaf.

z + ! Symptoms developed.,

— ! No symptoms.
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PREE XN, IS 4 BT s Wz LRI,
b4y THEBFEEL T 5 EE, CMVIE
FEEB O LERLTVE, ZhosOfEnrs
4V L AREREL Table6-3 R L7z, £D
BR, REAREOALE LAk, FBEERETE

EEE, FERCREERETHZ 2.0 28225
BERL, VANAOKESERIN, £, &
FoA VU R RS G o EERES 5 BR U6
B TIINBX L RO Y A NV AR D 5 iz,
INIZRL, 7%, 8%, L1 BU UK 12 B TizEE
B, RErET S PEREL, ZhsofEEkic
BT ANABHEOMEIL T T 4 FEOKDW
& o T ORI i HEERE A RS M5-14 &
BEOEEEA 0y L OTHEERR BT I2RROHER
% Table6-4 iR U7z, HERGHWETH S 7V —>
SNV, Y F B TRWTR b EEE I HE
SEFBEAESBEE RN, 5HEHICRETOREETRE
Wiz, ZhiextL, WHiRGELIPERRE DR
HRARTIHHL »RRFOBER UTIHBSEEZs R
Bz Y 7 — X M5-14 OEEES 1 B T,
AL 727 0 — > 3{EERS Tz B TRFELIH S
nlee Elz, TV —w— U XM5-14' D 8 B TI3,
BEEORLIBEE L DD, LEOEY 12
FERBEREENT, 2HREOMEINTD Sl
GLERIN 1, THERGRER I LD LTSS B D, NHE
KOEEE THFE LD, % 11 HETh -
72o LU, EESREHERN M5-14 & (L#ERR
& ORHRART, X 5 WREAEOBE MG 28
Lahlz, INGTHEROLT A PRI L IRE
iR % Table 6-5 iR L7z, R L 2REREL
Bk, MEETHZ T —v =, Yo F—
AN I TR EREBRZ 2 ELEE
KL, VANADOHENHEREN, IR LE
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Table 6-4 Development of symptoms after inoculation with CMV in progenies after cross-pollination of

transgenic melon plants®.

No.of plants with symptoms

Total no.of

cv.Y tested plants. Days after inoculation

3 5 7 9 11 20
Green pearl 3 0 2 3 3 3 3 3
(Green pearl X M5-14)-4 3 0 0 0 0 1 1 1
(Green pearl X M5-14)-8 2 0 0 0 0* 02 0* 0
Sunday Aki 2 0 2 2 2 2 2 2
(Sunday AkixM5-14)-1 3 0 0 0 0 0 0 0
(Sunday AkixXM5-14)-5 3 0 0 0 1 1 1 1
Yamatouri 2 0 0 1 1 1 2 2
(Yamatouri X M5-14)-3 2 0 0 0 1 1 1 1
(Yamatouri X M5-14)-6 2 0 0 0 0 0 0 0
(Yamatouri X M5-14)-8 2 0 0 0 0 0 1 1

* Concenration of CMV solution (2ug/mé).

¥ M5-14: Progeny after self-pollination of transformant MS5.
z Inoculated leaves showed yellowing. No mosaic symptoms.

Table 6-5 Virus concentration after inoculation
with CMV in progenies after cross-
pollination of transgenic melon plant®.

Tested leaf?

cv.Y

I U
Green pearl >2.0 >2.0
(Green pearl X M5-14)-4 0.19 0.02
(Green pearl X M5-14)-8 1.34 0.08
Sunday Aki >2.0 >2.0
(Sunday AkixM5-14)-1 0.09 0.15
Yamatouri >2.0 >2.0
(Yamatouri X M5-14)-3 0.17 0.15
(Yamatouri X M5-14)-6 0.07 0.0

* Concentration of CMV was 2ug/mé. After 12
days, 10-fold diluted. Sample was tested.
Data was expressed by ELISA value as the aver-
age of 3 replications.

¥ M5-14: Progeny after self-pollination of M5.

z I: Inoculated leaf,
U: Upper leaf.

BEHA L OTHBNRIZ0.01~0.2 LEWLEZR
Ly, 7ANVABEHEOHEINED sht, £, K
DBEZBWTLEDEPS 7ERPBEINE
ol ) =2 X— U XM5-14 OEEES 8 BT
1, BREEO T A FEN1.34 tEWETHZ DI
L, FETIE0.08 LEL, =54 FHIZ X 2BE

2 & o T b 2B RGO TRE S Nz,
ULEDER, 5, BEEREOTHENR I bR
RicizRenzwnw CMV IR fTEEhTnws Z
EWFERR A, WEERKOFTERE L L ToMA
MARFa N3,

v, & =

AREBZBWTIE, BEERRE L BEORESEL
E L ORHEBRR OB, Rz CMV EHitkizow
THS Mz L EEEREO#RRCE T 29,
Ny o BBIZTFLANDBEBET % R
BWILHESNTEY, Tho 3B LERA
Vb5, bbb, OREEHEEORRICBITE4H
REEFE L L BEARALS OREREOEL, OF
HEREO %R B 24 KEETONEL, OF
BHESREROBRIC BT 24 REEFORR, 03D
Th3,

QD FiIcBEL T, 1B L BEREREDEAD
oL, #RCLERLIEWIRED L,
TEREHZECE L TORESW L OB S, LL,
W OB E R bEBREEC Lo TRE SR T
VZDT, NEEBETOBARBIC L > TR &K
SNRERTHLEERTT 20113, 2o
Mtk rhBEHET 5, AFRCBWTR, BHE
R, BEBROVTRIZBWTHZE L WBENEL
LM, ABNERBER I ERo T,
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REZ@DRIZOWTIE, <L OWMFERENS D,
WL O DBNHERERE, FOREAERBW
TAVYFVORGEMNCHES T EBERINLTY
3, FFRCBWTY, FiZOBRHEENR, FEOR
HERCBOTEALLNE Y V7 Bl#ETFE2R
HLUEFER, WTFhieBw Ty EEED 2 L5RE X
iz,

BRIZODAIZDWTIE, WAWAREHENR &
N, BHETERE > TV, HOMERE, 2R
B AREERER, »IhoficsnTbURrs
FRENZFRE—HTE2LELTH B, FPRED
Lo, BEERERFIATL L RENE LI
FRBWTE, TOREBRLVEETHS, FLER
UBS5EICBWT, FPHROFRE L, wiopk
DHREFNZOWTER LM, Zho2 b3 L,
OBROFERIZ, FOBRARTBICBLTYRDOH
He—87 25, OBROFFRILUROFKHE L B¢
T, BRI HESTED 6N 5%, QB v —Ic
% EFEEOIE! (co-suppression) BIWH SN B,
DIOBEHENLERTHZ, OrQOFERITT
BT a4, WTFRbWw{OhoWERIzk > THRRAS
nTw3d, Zhs BEMBERIZODWTORETH
B, ZOLIBHERTIERPE LR, Thb
bz ROBRREET IMELEFIRIEDLD
ThHBIERRLTWEEWZ LS, KL TIRE
M, R, EEfcsir2 CMV &
HOERLBTED o h, QOHE L —HT 2HEVE
bhiz, ZORRBEEAYS N EREFOFR
HEOEZRIFEUM L pEPIZ, SHBOWMRER:
RITE RN,

—7%, REERE2H--HRR, BEzTDE
2, BEAFHEIR TR Y, ERMICITEER
ROBERE-HT 2 EEZ 6N, BHEHRE L
RAICHREZRE L ZHE L RELDSIIHRER T EE
Ewo T, 22T, AR AHEDO VAV
AEFiERE L 3 REOTHRSE & O R E(E
HL, Z2ORFBECOVWTHEELL, ZORR, »i
NOHEERRBWTY, IEEETE D DEEIHE
Bah, A=A v UitEOREIC LD ZOREED
FiEshic, £, AREBEBFOSBEHIZIZIEL 1
LY, XAUFVOREBHRANCHED 2 BNTHRIH
Tzo 851, ZORMBROYANVAEHEEL, &
U o0 R E RS L O RTHERR L s
L7z, ZOER, BEERE : ogsiL, o

kL D SFHMORER T A VA QBB IIH &
h, FEE S ORI X AR EERT LI
MTE T, BHRBOBEE >WTIRERLUI-EYE
HEENBE I N, v CMV EHHEEE %%
BTBZERTRETHBEEZOND,

UED X, BiEsRicss, s#EERicow
THEABTTORE L RHEA2ERL, 20O CMV
PR EIR TR I ERHOMII LT, &5
12, CMV IS ORI D » T, EE R
LIEBEEEA L DRICE L WERD LW & %8
S LTz INHDT Ehs, BEERHEOEE
ADGHOTEREES X S IR T 2 2 ENEIESh
720

F1E BeER

Hge s v BRIET R T v AV AT
ZE8Y BHSEE, 1980 R EEL SBACITDAR,
HWEZ DA =X LD L, FHIEHEV~DICH &
D2ABANFREELDDH S, AH =K LOIEHEIL,
YR O 2 LRI Tbh T b,
Bz TMV L Tid, B3EZETRRI &S CE
R DEET B0y LB, BALZYA
NADEAEEHEET 22 EBNHELIIED,
TMV iy > 7 BBIRFOME T 285 ED X
AR ADEENRIAINIHbiIwE b,
FEHEYI~DOIERIL, KB O & FREEOER
OB ENED N TWE, FFRICBIT S X
vrDiEL», Fh, N va, 41X, Fay),
TNTZINT s RUENASNL YR ERCDODWTDOH
HE B, 5HHE OIS T 255
BEL DEFEZ OGNS, DX BREOTT,
HEHEIANDOIGH L VWO REL S, FAHRONE%:
POV OB EERIC O WTEE TS Z LT
%,

I. CMV Y R0 GRBRIEFEAAAQ LD
1E

AT, WA a roRBEERFEORI L
CMV H ks > 7 BRBETEA X a > OfEH, (2)
TEHEBRA v > DY 4 )V AFEEGE, G HEGE X
T OHBEROFE L WS 3 ODOFEELPLIZKRETL
120 % DGR, A0 BT 2RI EGE
PHIFEL, CMV 2 o v 2EH L, BiZ, &
DEMRUZHEREERL T, AREETOEE
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Y EF OB, B CMV Bt EDOcHEEL, #
ALTHH: s v 7 BEETFHRAICB T HRER
ah, ZOBGFIZLSE VA NVAKEIIEORRD
Bo»IZ Lz, 2T, ERMICIREED 3 20DE
FU2BIBER T2 2 EXNTELDY, Bohl R
HOWTHERMELRBIRIL-DICHEETRED

OBDBERENEN S, ZRAEIOREIZDONT
EET 5,

o, Voo yOREERFEROREL L
CMV S5 v 3 7 EEIEFHA A 0 v OfEHI D
WTEET 5, AR TR, EBRERESETLTE
SNIz TV YR A0 BRI E RO
2170, BAE, A0V OBEERICET 2HER,
Agrobacterium tumefaciens #FJH L T Gus BEF
BEALHRED 2™, UL, Agrobacterium
rhizogenes #F|B L T Gus BEF 2 BA L -#E
RS 5, BT, 1993 FFig, ZYMV 045 >~
N7 BRIETFOZBALNHREEND, 2o rOREE
BREIRCHMBERERDVBDIEVLZ 2, ZDX
) RIERRBIBTH b, AFRICBVTITIY
RATTHBTY VA A0 ORI TR
EREFELEED, 2y FRATVIZELTHREED
LI FROBESHG I D,

xiz, )0 CMV S5 v BfnFEA AT
> @ CMV BHiEC DLW IHET 5, AR TES
N EE A o v TIRNEBERICH~N, By CMV
EHIESBREE N, K> T, XD A NVARK
IR 2088 o BREFOFSMER2HL I
T2 ENTER, 22T, ROWEROFEEHEL~ 2
D, Briiwikhitz b ofEEERT2 2,
W HED T A A L TIERE 2R OEAE
FEEEEH T2 2L TH S D,

%9, MLEPEEEOFREL TR, 220
FEid s Bz bohb, B—dBETFILENFE
EROTHEVORREIT) FETH 5, BIRD LS
W2, Y S BEETFOLIS5T VA NV ARKE
MO A= X AT TMV EASA D7 4 VR 2B
L TRERETHZENS W, L, AH=XL0
READSHES., BREN LAY X BRBETORR
HEABEHI WhE, ZhARGChTat—9—0
BERY, LVEERERENSO: D OWE R
BEr B, BICEBRL-VRESR, BEEYO%R
AP EETFRET 2B TH 5, Agrobacterium
tumefaciens % I BEFHE X TR, Ak#E

FHREAS N2 HEE EOMENERIC X > THRE
ENTWw3, HAMEDROI X 2ABETOR
HEOMERZMEBENR LA THS I ERE2EE
BOWTEARANTS, & LIBFEoZB 867 ERER
wEzboThhiE, ThEERT2FELLEL
%, H4F, Matrix attachment region &£ BN 3
DNA Wiy 2 SRBEEFICERET 2 2 & T, (LED
Bk aRENG2EETHELRAS LT
2%, Ll, ZOLIBRAREEE ST, BEL
BRI OWTOEHREPFFL, BE T 3AHE~AEK
BETEEAT I, #ETFIENFEEAL
THEYOUBEITOBEOEELRFEL 5 THS
5, BETbh T AR ORak i 25
e, 13, AXREEERBECRIATYS, &
RETHE, P MRFaV YR EROVLTIHESh
DOHBY, kL LTSIHBRAT W5, HHDE
EFEROEOENERMICEBAT 2 2, DE D1
ORBEREZZ 2 BHOBEDOA2HEAT 2
EWIEANLEEFERZ SR, ZOFBORE
BRBEERDETHD I,
BOAMELTELONLZDIE, HEIPSDE
AR UM E, BoBhitEkoREETSh
BITH 5, FFEICE VT HHEEREOBEER
EAMOZRBEEIN:, 5T, EROWEE
Bk ERER L, BBV GRERTRIE, iz
BHEEEESL LTI bDEEZ SN
%, 85%, TMV OAEY R 7 BEBEFZEA LT
B EE L < b T, 259 RiE0 e S BuIETT
ZEO I EGBEERT S I EWCRIIL TV 589,58
EFLENFEE2RENT, RENLZERELTT
B, BEROEBRDIDOHLVWEERME LT
FIAT 22D, SEOBREOMBICERT S b
DEBbDE, UED XSz, EuETEEEOE
HicBid 2, 2 20W8E Mz DV TR, 2D
DFAERBITEES IR B8, EBOERE
BLWIEERREPEHT 2RBOHETH S EEZ
5hd, Ric, BEEFMCELTEETS L, 1
BEOYANADINESY VR EBETREALR
58, FOEESEROY A VAL TEMT
HEFEOLOPRESHTVLEY, LarL, wih
HEALINESY V7B ERA LY ANV DS
By oo L OMICMENO—RLT 3 /B
DREMERTARTHY, B2 74 NVAETOR
BREVCEESERL WS, ZOMELLTHEZ N
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Z0I%, B2 ANVAONMS 7 BBIETFE
FoRHEERKOEHTHE, ZhIZ DWW TRERE
FTOEIH|ENRLL, BU2EHROVANVAD
Ny N7 BEEEIRS I EIZL D ESENYE
BEEINIDEL BRI TRV, EES I
AEOEE L LT, CMV LiZREEZVANRS
N—=TTHBEEFIANACET 2 ZYMV RO
WMV QA Y v X BREFEEALLEEE
HaxarEBRIEHLTED, F0O74 L AKER
AL TV 55050, S48 & 0D & 3 i ik & A7
FTEL LI CMV IEFEEkE 2 T#T 2 20
&y, BEEONS v BEEFEEOATY
EEHIL, 208G ENE DV THLLZTSEZ
LB THEEBRETCHB LEZ TS,

BRI, BWEBERROBRRICDWTEET %, ¥
Thb, FPFFRICBWT, CMV 485 > 8 7 Gl
FHARA T OEFERUCZHERAOREIC DV TH
& LT 0Y, Bt EEY vy CMV B
itkEmRL, 7, EFREUSNOREY, EENR
B2V THRBX & DOMIcE L EREBEIH
Bprolz, Ihid, EBOBEADICHDOAENE®
TBT2bDTH2, ROFEL LT, BB
i ENRBETORBEOLZERETH S, FHREB
W HEEMIC B 2 IETIHEOEZRVPRES L, D
Bz b S S IGBE T O FIR NG S 1L 2 TREME 23R
Ba iz, MOFRIEBWT b AEOBESTRE X
nTsh, ZoRERROFEHIEEEY OEML
e TCAABTH B, £z, FRFKEALK 2D
OBETF (HF <4y U IEREFE CMV 4445
YR BRETF) 0BRSS TRBR I,
ZDBBRDORY E EFEE~OHBH 2R HLEBELH
EThH5s,

SR IOBEBET 2WENERL, gy o8
7 EBEFHEARMNE  ORFEYIIEAES NS
ZEERBRE LI,

II. HEEREY DR ST

¥z DNA Eifffid, BERRCHE I DV EL Y, &
ZVEREIZ L L THHBRIFIBVEETHL LR
HR PRI T2 HETHE 20, RELTENE
i, RERRE R T s, BERREY O
HNEEZBEIL T, TOHARRANOEERZERBLT
FeUETMT 2 2 LBBHE DT SN TV 5,57,
Y OB BRI, HRAIZIZH 1,000 4R

EhzrvbhnTwads, HETIR 1990 £, TMV
ORI Y R EBRETFEEALEEGRHR < N
BYD CEHNBEEFTEREHTH Y, Z0%
A ABERNTANVADNY Y VN EBIETF2E
AL BERA 290 2 EDBFELTH 3,

HAIZBWTIE, FARELTFITESR2ET, B
#RIBE, FEEAERES, BENWRBEOSEETO
HEEE A D REUFMBET ST ohTwd, L
»L, ZOFHORENABEDHDDOLOTHY, B
TEOLZARZELTOLLMICE T 57l Th
vk, BEHERE2EACREL, ARtT
LETHERDEE LI TWE DR, BiE~—
B —BETTHE, ~MOEHIRTWE AT~
4 ¥ TR, N T uvd v Viiftt#En TR
FRREYEREEGETTHY, TOEHEHLT
BWwanaREesd s, FEDERERET 2R
OB BEERE EBARN T 2BEOMERELT
2, OH4EDEREEET 2 OB Eiiss s
L, EEBREPET I LRy, OW4EEmttE
BETE2HOBPEERRESMEL (BRI sh
1258, NEYEMEERETORMOBEENL T
FEMEYICEA XN, BEDBT ST S
B3 idnuy, ONEYEMERETPRE
Ok Y EBREBICE BB I iz Rn
», OFEEREETH 2 HIEEYSEPERET
HrZEEAALT, HEMEEZRERORDY I
ERT 2HMEMT 5 2 0w, D4O08HT
ohd, i, VAEYEREEET R OREER
HrREmH5ERE LTHALESEESS
NTWLAFEAE LTI, ORNEDEMEEETR
U2 DEMEEDN, AMEDZLIRERBEEEERD
Z EiE v, OMAEMEERETSARS SO
REOWLECHEEL TWAHEYICEAZ L, it
MR L BEBREIN L THREWE 2 EE W
ATE BB Eidndk, O2o08HTOIT
W3, INSDRMIEOVNT, BbE{HEHINT
WaAh w4y yiMERETFERACHTC, FEY
W ZDREMPRRTVB|END 5,

L, REORMBEEMMN b FRODRIELE Z
ZHEEM b FEZ 5N B L, ARbEL TR, ¥
FRHLO A TRBRTE R WLERNZEZ L H
D, NAEYVERERETOEEBSBROMERSZ
LS N TR, KERTH ETROVF <1 ¥ UM
MEEFEEALTWE Z Ehs, ZOEETFHE
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T2 EEWFHEP— B ORE L OB S v EH
BNBEIATHD, BEBWGEES— 1 —%2EE
T3 LV PEPER~ —» —BEF - HHOBRE
FEBRDSIAIFTHAL, BRKBWTER
v —A—BEFOSEERAL L WIPEL S
T3 XITHEBEDE I 5—BRTIZRV,
ARG CEH L - REEREOBRIIBWTES K
7o & 5 BR < — A —BEFORBEL T biEE
DIz, ZOBEFROIHEE, BEL BB,
ZOHCET AERED 1 DL LTHATESTH
%5,

UED XS, BEEGEORLETHE DWW T
AT, SHEEHEY A O Gk OIS S
AT Y, EEO LD RRESERRT 2 bR
NHHDOEEIHNS,

Il. EGREDDORE~DOIEA

BEETOL %, BEEEEDL, HLHER
EYOEEEERNE LIHIeEL v b, HEEL2H:
BBETOEREEZHSHIZT S v B MR
Sh3FINEAMCE Y, Zhik, BEHBCES
LEERBEO A =X ADBBHISLTB ST, %
DB XA T 2 BEFHEBI R THRnEVS
ZEPERD1D2THS, VA VAKRETHED AT
<, AEEEERE, T, mHEM, e,
B atEom L EREEYOR R Bz L
ZLEBBROZNLOTHLY, BELZTOLI S,
ZheDEBEDS LD 1 D>TLHATELEEE
PR OLTOFREREFIC D2V, LhL, 22
BEROWHFENEY, 74 NV AFEER LI,
Z 0 &3 aEEREFER oW TOREFIHRL
ZHEITwS, KRETE, /—Fy hRAaYT
HB7Y A AuiZ CMV S5 v 8 7 BRETF
EHALT, VANAREEEAS U, 20
PEERE O BEOFEEE L A EERM L 2
THIERED, 2 M0 v4 Vv AREIMSE
PHEALEBS I ERHEMIC L, 2RSS DFEMD,
A0ryORBEREORB L LTHEHEWES L £
s5hd,

Ny v BREFUNDE L LT, BREER
EERFEOEEZ ONDDR, BEERIC L 3k
i+ s 2 DfEHTH %%, 2hid, FDOF ~=— MR
BTEBRNIRET 2 X ue—F —OTHIC RNA
SRR EI-FI2EETEORE, ;R CH

ALTzbDTH o7, Fix 2D RNA SIRgeH %
T 55 2 BOBEFEEAL TSR
HHIEH L, Ok BETROBRERGE L %
BHETDHZ L VBREOERICEIILI®, 20
Ed, 4 20FFF—EHETFEHEAL TRIREIK
FARE TR L TERE L BotBEERE S N
I T4 77 —YDYVF—LRETEEALTAN
JFVTILABRECMWMEER>T NV vak
E,REENMS T 2 ®mE S b 0, BEERRR
X AFABOERPHFE N TS,

BEE THEINIWL O2POEL2H T T,
T Bk D A ORI FIC D W TR 7223, 4 H,
R sES, EROBEHBEOBH 2R
T 220 =X ABBASARIE, WA02RBEER
BiEyLE R FREE LTEH SR H6E R
WHDLTFEIhS,

HEY) DEAL TR Z 238D TR S ThH oIRIT
10 FEHERE L, HEENTE D o ARG BRI
Lo Twd vz 508, REOREL, Zh
ETITbNTERREVER SR OFEEMN L Bs
L, BEOFH L 2RBEHEUD T EERBRLLY,

i’ =

ARHFEIE, [EWEEFRE L b BEAEICHRR
HEE2EZTWEFa2T7)EFA 7 V4 NV2R
(CMV) o5z HE E LT, CMV S5 > 28
BETFEEALLPEER A0 Y 2FHL, 20
CMV #EHBIZ 2O TRE LI b DTH %, PN
BT, 1. Ao rOREEREOMS, 2. CMV 4
By o7 BRETFEAA O OEH, 3. CMV
Ny N EBETFEA A 0 YO CMV EHiEo
HESE, motticd, CMV 4y > 8 7 B8fs 78
AxurOBEROBEFED 4 FHEEN L S,

1. AoroREHEfiomRir
% OEY CHEERPRESN TR, A
YRBWTREE L BEBEELHEIL Tyuiw
DT, WEREITS i BEEBRICAY 28D
BEROWEE, BWEEHHRELERT 272D D AT
DAY= A Y VRBEECOWTHEEL R,
1) xovonri<ty @2k
1) BFHEFROAF <A v VBEEERARL -
R, A=A 100mg/8 2EHML B
W, KR, BCHERLROMESIS a2 2
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RSB o,

2) BREHEOL 7~ 4 v RS RTEL, 47
~A4 ¥ 100mg/e Ll EREINL g B v
T, MEOHHIMSHES L, BIROKEZEL
CHIlENZ Z LRSIz 577,

3) FERDOA <4y B2HEPTFEELIER,
i ‘EG360° 1 38\ ¢ LRI Z= T 5 iz 25,
HOFETRB I F~A Vo DEERAREL, bF
A r50mg/L A ERERIML - ETCOR
ERERIZRETH 2 2 EBbroT,

4) TEEDHF~A4 v U BEHCOVTHEREL,
HF =4y 100 mg/8 P EDEMK I BW T
EHFOFMEBHEE NS Z 2SI L,
(2) HEEGRCHEL EEEEROBRE
3DDEELIEMEEER, ThbbEEEE

Wk 2EER, FERI L 2HER, FEFICE?

B4R 2T Agrobacterium tumefaciens % F| A

Ul B sl A, EEREICE b @ L s

BEROBR 21To 0z, ARV R—F —BET

ThDFINIU= T —CRETFELDF TR

F pBII21 #A L, # OER, £ TOMEMEESE

RCHEEEERELESL 2 B8 TE 50, OFELRD

BE, @F A 7EEKOHBHECES, QEEER

WBOEBES D3 DOHEHEEEE/T 5 &£, TEFH

BERABPERERICRLEL Twa Z L 2HLIL

2o

2. CMVAS#S " oERETEA LD X DIEH
TEFHEER AR L e 253508
BRI &b, CMV ks v 37 BEET

A Ao O RS

(1) FEFEER AL B ERRC BT 2RI
BOMREHRI LR, REFHMEES 2
v MS T 2 HEORMEEET O &, RLFE
BichF <4y ity a— RS NhE I
PSS M LT,

2 FTEFHEXEAALLEBEREBRTO
Agrobacterium tumefaciens & DILEFEEERC B
JAEEOMR BRI LR, A7 u0—R3%
MSEeih F TR OBIEMNICH F <4 ¥ UTE
Ya— M ABERIND I EEBHERLI,

(3) TEFEERARARLEEERTOY S <A
Yz k BERFEERE U IREER, OF 1 XR
K:va—-FHEAKEH+L F <4 ¥ 50

mg/l, @8 2 KB v a— MMPEHEHA+ Y
F w4 ¥ 100mg/l, @F 3 KBHK : FHARE
H+bF~<4 > 75~100mg/L DIET 3 RED
BIREIT S 2 &R H IR R iRk O 3K
BTHHEEHEHLNITLU,

(4) #HF~4 v rimiEfEEo DNA 2t L T,
Polymerase Chain Reaction #% > T CMV 4%}
Wy R BREFERKIL, ThsaCMV 4
Wy RV HEET R EA L REERETH S
ZEERFEFELI,

(5) CMV 4y > 7 BBEFOEARERL
1% 1z 8> T, Dot-immunobinding Assay & %
WT CMV Sy w7 BERBRHL, AL
Wy N BRETPEDESRTREL WS
EERER LT,

3.CMVAHSY R I/BHEBIZFEAAOLD
CMV EH DR
TEH U7z CMV Aty v 7 EBBRETEA AT Y

O CMV BHitEOBERE21T> 2,

(1) #ift. CMV 1 pg/ml % ATEEREL - BE, BRE
L7ziE & A ¥ OREERRE T, REFEEOME
#HEah, CMVERESH S 2 & 2HEREL T,

(2) #idb CMV 10 ug/me # ATHERE L7255,
ELIFEAEOBEERE TRHRESFREL 2
2, HopizBE L D b RENBEL, HEE
O CMV 2#EBOBRSCBWTH, BN Ts
ENTWBE T LEHER L,

(3) EERED b > CMV 5, EHLEE
BERBCIVEBEDOS L EBbh o,
4) WEmEED CMV EREERE 2, TTIRSED,
R T ANAREINEGSEOBRICERA S
Twle A VAREBHEOBESELZED D D
CMV EHIHREE » g LR, BEkivk e
B ANAEIERETIAE S A
DB TREIMHE S h, o2 ToRE THRED
KB LT, DTS, BEEREDL DV A
N AIFEGIESEARFIACTZ 9 2b0DTH S

xRS,

4, CMVAHS »"OBBEFEAAD D
RO

e L 7 P E RO BRSO B 2 1E

HU, ZORHE, Bz CMV Efitkr b0 R/EL
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77
(1) BE&ARORME
1) CMV 4 i2 v 2 BBEFHEA AT Y DB
HBAREEHL, BB, Bttt 2@lEL, F
BHERADHBEEREELLWERNZVWI L%
R L 72,

2) CMV My v BRETHA A0 Y OHE
HBREEHL, DNA BHiH LT CMV 445 >~
NR7BRIETOWHRET > IR, BALLERE
FRRHL, BALLNES v BEREFRK
RAEBELZ 2R LT,

3) EEEEEBEERICBIT 5 CMV 4y o8
7 EEGEFORBILIE IR L e—&LZ
wky, #HRLULBERRECEA S iz CMV
Ny N EBETR 1 —THE», b
WIS ¥ —Tho T HEEED 1 FHRTICREA
AN LR EN,

4) WEEBREEEEROY > <4 v Uit e R
LR, YRERUAF<4 ¥ 100mg/t ©
B s CiittE T EESHEL, BEEE
HOHBRIZBWTHHEAL AEETIEEL
TWw3Z kR L:.

5) WEEEEHEERIZB T 2 AREETOEE
EhFeA VUL BB LT, D
POEETHF A Vv UoEEREZ VLD RHE
#L, HALLBEFLEBEERCBLTHTL
LIBFL W e hH b, ML &S
I —EHE T BRI DD B Z EWREBE R
720

6) ML CMV 2 ug/mé 2 A LB L THERR
HOBEEEBERO CMV Btk 2 3{E LR, J
WEERREO BRI CORBEHOBER
USRS h, BEERERERIC CMV
Ehitkndb s 2 L 2R LI,

7) EEERAEEENRO CMV Bt s >~ 4
¥ U EIEIREFCRER T A 2 L RS I
L7ze

8) BHinik HREEAR O CMV Ehilt 28 A%
EWHELER, EREOBERIEARKICLD
EEaNnbZ BB hR -1,

9) EEERREBEENRO CMV Bt 2@E T L
WHES 3 2 L kD EEFOZENES M Tk
D, R bEOETMES b O BRERA M5-14 23K
TR EDBTET,

(2) EEEBREZHESRRORM
PHEEREELR M5 R U % O BEEAR M5-14 &,

THRRE TV VR, TY ==, BT —

YRV TANARBIMERE(I -5 v h 2, ‘&

B15, ZE3IS, LEL) & OREERRE2EH

L, ZOFRMEEFEEL 2,

1) CMV 48 v BBETEA AT Y O
BREEHL, R, BEERELC2R/ELLE
£, FEREERRE ORZHEERR OB E L »iE
HOGZwbDTHDZ ERHERLI,

2) CMV Ay >3 BEETHAA T Y ORME
%5 DNA BHIH LT, CMV A4y >t
BEBETOMRETo IR, BALIKEE
FHRFEELTED, IhBTHEERNBLELLZ
EBRER LTz,

3) WEEREZHERR DO CMV 48y v 32 B8
GFORMEERIEZ L 1 ic—R LI e h o,
RUREREREEERA M- 14 KEBASh:
CMV 585 v N7 BEEBFIZ 1 2aE—-TH 5
P, HEVIIEH I —TH-> THLROED 15
FRICHEAIWI Z ERHEL NI 5T,

4) BHEGRETHEEROS F oA ¥ Vi e REE
L7 fER, YREBUDF <A > 100mg/L D
B B IiEEr RS @B b5 0o, B
BiEREEOBRICBW TS BA LIEGFNER
LTwa Ik &2EEL:,

5) RE I —FvAh Y LORHEBERTRE, ‘3%
YA DAFA Y BEEEZTRATED,
HFre4 v 100mg/t DBBETIIEKT 2L
WTERWI ERESPIZ LT,

6) WHEREZHER BT 2AREETFORE
LA Fed Yy UmtE L iBEIR—BUL S, weD
DOEETYF <A Y VitEEZRERVLDRRE
AL, BALREBEFIRMEREACBLTSLTL
LHRBLEWZ WD Eh, FRIGHEBZIR LK
LY —BYET 2R H D I LR s
726

7) M CMV 2 pg/m % A THEM L (HEEH
BB O CMV BHiE 2 WEL-EE, P
HiRfuk » ORHEEHRR D L ORI THER
FHOBER HIGINRE S h, BEHERETH
Bz CMV iR H 5 2 L 2R LI,

8) WHERETHERO CMV BHikE, v+~
A ¥ UL IZIRRIFNCHRIT 2 2 L 2o »
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W2 L7z,

PLED & 5 eAxmgRiz, » o> OREmiks
HL, Thd3v4 Vv AREREEEL B, B
ACBWTHHA LG A REER2EET 2L ED
2, INOEMERBEIELBESOERE L MR
PRLIZDBDTH %,

# 3

FRXDIEK I BT 0, ILEHERT BB
HEEtE L, RBEEATHREREL, RB@EANTRE
T8 L URBEE EERE & 13882 2 HgE
CHEHBBEEREDD £ U, %7, JLEBERELEER
BAHFIARE L 3B 2 AR E L B R B b D
FLI. L ZCHATER R LBHOBRRLE T,

AR ERITLU 5 FERICEY, TRBEEY T
WRFFRAERRIEL I, KEBRER 2 HEE
CHEREBDLY U, &7, AUNBERERSY
4 N ATEHRERICHEE TR S K2 s HEE
AEEEBDLY L, I IEVEHOESEL
79,

BEBICEDE LN, HZ2OWFREZZ Tz
2z LBRONFR, hipEREEREHESRIR
BHERSEREOER, ZOoMENREERTT 2
EHlzVBELPOXREBDOY ELE2TOHRIT
ZREATEOEBHOBERLET,

BB, SCHRAREWEE ORI %21, HAFEMN
RESOEIFER & U TAHRICELT 2 2 L8
TE, ZIEEECNT sBEHOBERL T,
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Summary

Plant disease coused by virus is one of the most
serious problems hindering agricultural productivity,
resulting in loss of quality. So far, no efficient agents
have been found for virus control in plants and there
are only two ways of enhancing the resistance of
plants to viruses. One method is cross-breeding, and
the other is cross-protection. Cross-breeding of virus-
resistance takes a long time and involves consider-
able effort. Therefore, cross-protection with a mild
strain is an attractive alternative. However, virus
disease control by inoculation carries risks when used
under open field conditions, as a mild strain may
undergo mutation and become virulent during replica-
tion.

Recently molecular techniques have been applied
for developing virus-resistant plants. POWELL ABELL
(1986) introduced the TMV coat protein gene into
tobacco cells via Agrobacterium tumefaciens and
obtained transgenic plants expressing the gene prod-

uct. The progeny of the transgenic plants showed
delayed response to the virulent strain, and in some
cases were totally resistant. Using a similar proce-
dure, several research groups have confirmed that
coat protein inhibits other homologous virulent vir-
uses including alfalfa mosaic virus (AIMV) (LoEscH-
FRIES et al., 1987, TUMER et al., 1987, CEES et al.,
1988a), tobacco rattle virus (TRV) (CESs et al. 1988b),
potato virus X (PVX) (HEMENWAY ef al., 1988). and
others (NELSON et a/. 1990).

The intention of this study is to apply the above
findings to practical agriculture. One of the goalsisto
develop a stable resistant variety of Cucumis melo
against cucumber mosaic virus (CMV) by introducing
the coat protein gene of CMV. CMV has a wide host
range and causes serious economic damage, espe-
cially in the family Cucurbitaceae.

In this articles, the condition under which transfor-
mation via Agrobacterium tumefaciens in C. melo take
place and the inheritance of introduced gene in trans-
genic melon plants are reported.

I. Determination of the condition for transforma-
tion.

1. Kanamycin tolerance of Cucumis melo.

In order to determine the sensitivity to kanamycin
for each culture stage of Cucumis melo, several kinds
of explants were culture on the MS medium contain-
ing 0-200 mg/¢ kanamycin.

Kanamycin above 100 mg/# inhibited the rooting of
seedlings and Kanamycin levels 75-100 mg/¢ inhib-
ited shoot regeneration in all types of explants.

These concentrations of kanamycin were, threfore,
used for selection of transformed kanamycin-tolerant.

2. Introducing GUS gene (reporter gene) into

Cucumis melo via Agrobacterium tumefaciens.

One of the most important probrems in plant trans-
formation is finding the plant regeneration systems
suitable for transformation. In order to determin the
most suitable system for transformation via
Agrobacterium twmefaciens, transformation was tried
in C. melo using GUS gene by several plant regenera-
tion systems.

Threre are three different kinds of regeneration
systems in C. melo. These are a; via somatic em-
bryogenesis from hypocotyl explants (ORIDATE and
Oo0sawa, 1989), b; via shoot primordia from meristem
explants (NAGAI ef al. 1989) and c; via shoot or-
ganogenesis from cotyledon explants (DIRKS ef al.,
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1989).

The results showed that transgenic melon plants
were obtainable using all systems. The transforma-
tion using shoot primordia achieved the highest regen-
eration frequency, but it resulted in chimera forma-
tion (YOSHIOKA et al. 1989). In the system using shoot
organogenesis, more regenerated shoots were
obtained than through the systems using somatic
embryogenesis, and it was relatively easy.

Therefore, shoot organogenesis was the best trans-
formation method via Agrobacterium tumefaciens in
C. melo and this was used for introducing the gene for
coat protein.

II. Development of transgenic melon plants that
express the gene for coat protein of CMV.

1. Determination of the detailed conditions of
transformation using shoot organogenesis, in C.
melo.

The detailed conditions for transformation using

shoot organogenesis were determined.

The pre-culture on hormone-free MS medium was
attempted for mature seed explants. When pre-
cultured for 1-2 days, the highest percentage of
kanamycin-tolerant shoot regeneration was observed.

Kanamycin selection was repeated three times. The
selection procedure giving the highest efficiency was
as follows. Explants were placed on regeneration
medium containing 50 mg/¢ kanamycin as the first
selection. The regenerated mass of shoots was cut
and then placed on MS medium containing 100 mg/2
kanamycin as the second selection. After this, devel-
oped shoots were transferred to hormone-free MS
medium containing 100 mg/¢ kanamycin as final
selection. This procedure was most effective for
obtaining kanamycin-tolerant plants.

2. Introduction of the gene for coat protein of

CMV in to C. melo.

Plsmid Y125 containing the gene for coat protein of
CMV was constructed. This plasmid was introduced
into Agrobacterium tumefaciens strain LBA4404 (a
binary vector strain). After that the bacterium was
used for transformation. Following the treatments for
transformation, many Kanamycin-tolerant plants
were obtained. Introduced gene was detected in
kanamycin-tolerant plants by PCR system. Moreover,
in order to define the expression of introduced gene in
transgenic plants, coat protein of CMV was im-
munologically detected by dot immuno binding assay

(DIBA).

IIL. Virus resistance in transgenic melon plants that
express the cucumber mosaic virus coat protein
gene.

1. Virus resistance in transgenic melon plants.

After inoculation with a suspension containing 1
rg/mé purified CMV, some transgenic melon plants
did not develop symptoms for 46 days of observation.
When these transgenic melon plants were inoculated
with CMV at a higher concentration (10 xg/m#), there
was a delay in the development of symptoms, as
compared to the non-transformant.

2. Comparison of resistance to CMV with that of

other cultivars.

In order to evaluate the extent of viral resistance in
the transgenic plants, the resistance was compared
among transgenic non-transgenic plant of the same
cultivar, as transgenic plant, virus resistant cultivars
and commercial cultivars. The results indicated that
transgenic melon plants M5 and virus resistant cv.
‘Miitankan’ did not develop the symptoms. Other
virus-resistant cvs. and all commercial cvs. showed
visible symptoms. These results indicate that the
transgenic M5 is more resistant to CMV than normal
virus-resistant cv.

IV. Characterization of the transgenic progenies.

1. Characterization of the progenies after self-

pollination of transgenic melon plants.

The coat protein gene was detected from progenies
after self-pollination by PCR system and the
introduced gene was transmitted as a single dominant
factor with Mendelian segregation ratio.

The progeny was indistinguishable from the non-
transformants, as judged by growth rate and mor-
phological properties.

After inoculation with a suppension containing 2
ug/me CMV, symptoms were delayed or not devel-
oped at all in these progenies. It was, therefore,
confirmed that the coat protein-mediated resistance
was inherited in the progenies of the transgenic melon
plants.

2. Characterization of the progenies after cross-

pollination of transgenic melon plants.

To evaluate the possibility of using the transgenic
melon plants as parental line for breeding, cross
pollination was performed between the transgenic
melon plants and commercial or virus resistant cv.
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The introduced gene was also detected in about fifty
percent of the progenies after cross-pollination. No
difference in the physical appearance was detected as
compared with the progenies of nontransgenic melon
plant.

After inoculation with a suspension containing 2
pg/mé CMV, the delay or inhibition of symptom
development was shown in the progenies after cross-
pollination of transgenic melon plants.

This study has demonstrated the most effective
conditions for transformation through Agrobacterium
tumefaciens and the effectiveness of coat protein-
mediated resistance in transgenic melon plants. In
addition, the inheritance of the introduced gene in
progenies was investigated, and the result may be of
importance in breeding for resistance in C. melo using
transgenic plants.



