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A w v OIS « SHREEE I X B YA A X Tang
5 (1980) ik ¥ THEE S N, TOBRMESIES
Ficiibh. FAEFEEREEESR (Moreno 5 1985 ;
Bouabdallah and Branchard 1986 ; A#A5 1986 : Kathal
5 1988 ; Dirks and Buggenum 1989), AEMFZERL#
% (Young & 1983 ; Oridate and Oosawa 1986 : /NI
5 1990 ; Kageyama & 1990, 1991). WigeFETERsE
BR GkHS 1989, Yo b7 2 pEEESR (LdS
1990 ; #H S 1991 ; ¥A 5 1993), MM EREE R
(Ohki 5 1991) B EB/BORERI & » CTHIMIAFELE
MEREL 1L > TV B, FRIC, NEHTEIEHER. FNER
R, mRFEREEERS L OB MERER
By PBIXoYps/ -3y PO VIZEZETY
AW AT« FRICHEATRET A b . YA EA B
LTREELLEEREZELAONS, —. Tu b 75
Z b BEER IO BT O A HWABEAELSERETH 0 |
HICHBERAEOURBLETH S5, £ o b 75X b
b OREAFARAE RS (L 5 1990 ; BH S
1991) F 72 IAEMREH (B S 1993) Thb ., BA
HEE L TRABOE#RREFELUTH S EEL LN 5,

IhoDRHERIZ, » o vicBid AL, Ml
B\ ARBEF OBAL &1 & 5B S R E LT O
KEIHIE ENORHSFRETH 2 L EZL 5N 5, T
EARBEETFOEABRER WA 0 v ORISR
DD AEF R ERL EDBFHELBED TS
(Toyoda & 1991 ; Yoshicka & 1992),

—75 . AHRRREEIC & B B ARRE A I R SR AL 5 s
EHEIC AT 5 L EME SN TS (Larkin and
Scowcroft 1981), Zh 6 DOZE RO iz d <B4
2 (Behnke 1980 ; Simon & 1987 ; Heath-Pagliuso
and Rappaport 1990 ; Toyoda © 1989, 1991 ; Bulk &
1991) Hetkis & o AEREWIZE (LH « B 7 % 1990).
bW EOEENEE (Burg 5 1989 ; Freytag
5 1989 ; Hashim & 1990), mERZX EDAHENWEE
(Mathur © 1988, Kuehnle and Earle 1989 ; Kukreja
5 1991 ; Wang 5 1991) Ok S ic BN ICEEL#ER

HicBd 2 8HBERMNEENTE Y, EYBEHIC B
5 HE R HEENERILKAHED—> 18 > TV 5, {&#l
fagesREE RO MBI 3. B4 2 YA EE D 729
DIFBROEVICLIVERLEELZONTWS, XTE
B I O AR - T e (B vk %
DIV D — BRI D TE B EEE O VW
FEEBZONTBY, ZLOYO A v 7 Y —1k
KAMHEN TV B, —7, EYEOFEAEIER - TH
REED v 2 0% PE S BB R RERFAHE O E WV
BBRREBEAONTVS, t->T. WROEITE
T, s RS A R U oMK @ k¢ I3 R R
BHEOSWESERERY, Akl To8AILLS
BEAHR TR ERNBBHE OBV ERERE R &
BEHELL S,

CDEHBT L b2 vy OB R I SFEEER
EFIAT 25 2T, BER L iz o HBIHE
WOWTORMREHL It LTEL S EPHTEELE
EZoNb, LML, §idOLdicA vy ofild - M
BRI & B AT I B A ER5T . 1980 R 5
EFRITITON TV 55, FAEHEYIHAOARMIIZERZE R I
Bl IR EAETON TR,

FHE A 0 Vv ORERD SFAE L RO RER R
DM A D B T TS A S ZE TR MEA & U CEE I g
HALTOBE T EERE L (LS 1992), 58z =
D& 5 R TEYEOATIERICHE BN 5 7o I
BHBRHLPTVWERTH 5, T chiifazefE Rz —
AN AHFMER I, WAWARERPEEL TS E
Ez 5 TWw5 (Larkin and Scowcroft 1981), it~
TH U Y QEEERIC K 5 HAEDEOEHHE RO H
B % T 5 2 & T, REBERICE Y 5 iR
ZROUBHESFRTESLELOND,

AT, 1) BEHEREZEEL Lo roR
FEAEAR - MOIEE R CREMEERER. NES S
HBHR, HREAURR#ESR, BFMEREER) wbid3
AARZER A R o HEHEE O M. 2) fEHUEROH
BRSO, 3) SR HBLT AR R ORI
4) {RHRaZEsREE FUA R U 2 EiRMEY: 2 o v o
ZIT0. 2 a v OfilE « MBI X 2 ARk L
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I WEYEBEDHOEER

Aoy ORI & ZEMERERE L TR AEFE
B ER. AEWEREEER, HRFEEREER K
HHERERBLU 70 b 75 2 P REBERMREINT
Wb, CNOEDOHPTY o b 732 MEERIE, oS
52 b oA INVAEFE LURNET R TR ERE Y
5% &ET 0 TSR DS EEAEREFE UG
BHAETEHRO2OPEEENTV S, {E->T, 7B b7
I 2 b EEERRIEYEEAL S U CEIRACEER S
FF R BAEMRIERRICOBE NS,

R o AHRRESER I & B AT A R, BEIcH WAt
Rk SIS S EHAC ZTERAR L IR LT 5 R EE
& AREED SEEE N v R & R THIRR O LA 53
b4 BREED 2 2 BRlSh 5, —BIcEERIC N
T. [k EARYAOERFABEPRVEEXS
NTVW3, ft->T, Ml - MR BICH I 2 WHOER
2EZ 5 ETR, WTNOBERIC L > THEYIESEL
LB B EPBOTEETSH 5,

ARETIE. o v ORI B 2 HYERLERE
ZDWTHET Lo
1 FEFEREERCLSEMEBE

Ao HHEED in vitro HEIZ B 5 AEFEH O
YA 12, Moreno & (1985) ick v HIdTHE s
Too ZDW, VWAWAIRME L UHHER D O AR
HOEYAEAENRE SN TW S (Bouabdallah and
Bran-chard 1986 ; K3 5 1986 ; Kathal 5 1988 ; Dirks
and Buggenum 1989) M5, WEFhdbH A b h A4 =v D
BEFMELZA—F v v ir—Fv VLD EREDY
A+ h4=vERMBAEbETRML BT AESE
FEL. £ ONES % EEREYEBANMOREH TR
LTva— 2RSS E5HETH S,

FEITI, APZLOERME L LTH OB O E
FeRR D SR L 72 A8 H % Dirks and Buggenum
(1989) oFHkic & - THEL, AEFFHBARLE LV
FE L 12 RNEH D o OREYE BRI > WTBE L7

vy — YRR S

)~ O~CF

15 (1995)

—~ 577

(MS medium + BAP 1mg/)

Mature Decoating & Cutting 5 da
yS
d i ex|
see imbibition plants 7days > ‘
Regenerated 14 days = Adventitious bud
plantlet formation
2 weeks
- 4 weeks ﬁ’?
12
K% Differentiation of
Rooting Shoot fromation adventitious buds
(1/2MS medium) {1/2MS medium)

Fig.1. Schematic representation of plantlet
regeneration through adventitious shoot
organogenesis.

s L UFH®E

Dirks and Buggenum (1989) 285 LT\ 351D
et RO TER EMER & Lc o —HZE K
L e REFEREE RO (Fig. 1) o WY v 2
rav, 7TVFR (Y H5D05 %) BLRUOT LR
(BEWD) ot T» SWM MU ehE LT oh
TEREFERE LT, BB, 0% >y / —vT 15 R, 1
%7 vF kI VIRTI5 HFRE L, BEKT 3R
(54710 B Uiz, BEK. BEKPICREL TG
BERIROK & #7co WK U ciRD & FEEEZRO H LT3
SENL ., NEFPEEEH (MSEHI+~v Y77
J>» (BAP) lmg/ 1 +val 3%+ ws54 ¢

0.4 %) ITER L7z, 25°C, 16 R HE (BHEE0LL.
3,0001x) FTHEL, NEFEREEORRKELZH
U7, BB 4ERBRIOER S Wi RAEF > W TS
Ltco TERRL e REHF IR, BT LR o0 L
T1/2MSEH (EEHEHOREEZ 1 /2&L7) K
MR L 720 4 BRREEE. MELIcY 2 —  ORHEET-
Foo Va— PR 1IATOUOHL, HiL 1, 2MSH
M RRRIEE L. S E,

HREBIUER
FEFTERIEH g U - FiEARR (Fig.2 —A)
3. FEEEES 3 HR I Bkt W IERL (Fig.2 — B).
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Fig.2. Plantlet regeneration through adventitious organogenesis.
A, cotyledonary explant ; B, thickening and greening explant after 3 days of culture;
C, callus growth at the cut surface of explants after 5 days of culture; D, differet-
tating adventitious buds after 2 weeks of culture ; E, growing adventitious buds

after 4 weeks of culture ; F, shoot formation from the adventitious bud ; G,
acclimatized plant.




KIMREERE € v 5 — AW TR SRS

R IR LAY . 5 Bk R FEAMA o VI IE
BELThHv{th@Eb otz (Fig. 2 —C) Hiz, 2
WERA# I 12 7 QUM £ 7o 3HEE SRR e S
te RIS AEFMME L. (Fig. 2 — D), &%
Bt s Lz oORNEFREBF L. EHVERL TART
biEEMTRE R I E AR L (Fig.2 —E)o &
LU AREFEN SR Y a— FBERENED - 1205, A
EHLZUOBLTBHT B, va—FEBRLE
(Fig.2 —F)o LIy a— FEHIZ 1,/ 2 MS
TRMREE TS B E R U o FAE Lo/ MEMIEIL, 8
BRI > TE LT, THRFER LI 0REEICHL
T&1 (Fig. 2—G)o HBIRIC L » 7o/ MEMIEIL
F DRI AEVIO W > THEEST 5 EEFDRT EIE
HIEE LS 5 1z,

Kathal & (1988) 3. # v v Pusa Sharbati %
HWEEBRT, BAPE 2 i PERMUAEHTAES
EHFEHLTVARN, TOBEREFOLHMLEH v AEH
DRI ML & VIR & OBEB IS ML TH
BEBRNTVS, UL, ABFICBWT, Bobich
W2 S L T ARES &YW S EEMEL 7oA
EHEEPMBIC L > THELALEI A, WThOBA
b H W ARHOBBENEAREFMETH 5 & T EHS
MEtE ot |

AIEBRTH W 3 BT, BE LR BRI TR
HF DR TIRETSH -7 (Table 1) o REFZEEEK
LSRR OEI& IR, 62 % ~80 % & iz & b AR
B bNt, AEFBREIC > W TR K& 8%
R SN d o tee AR B 72 ) OANEFTELII,
B 0~5TH-72, Niedz 5 (1989) DK 4 H
o T HEBOTERNMER & L BT, 75 BHIK
OARER I S AREF AR S &5 T LI L T B
R IR K & R ERSED S i,

KREFP DY 2 — MEBIE, WFhomEicB\T
HIERTH -7 (Table 2) o LA L. HEHAKYE
WA M T OMRBER LRV ET LHIC Y 2 — ME
MERIIEL M~ TD& DI Dirks and Buggenum
(1989) DAREIHIEEIEER T, AL TH W M
WHARETH B E¥rs Nz, L L, RNEBRTHRAL

. Prince

15 (1995)

Table 1. Adventitious bud (AB) formation from
cotyledonary explants of mature seeds

Cultivars No. of explants % of explants
cultured forming AB
Andes 84 70
Ams 108 62
114 80

tz Dirks and Buggenum (1989) ® 4 TRAEN»»
5D Y a— MEBICERRAEMEZMEH L TR0,

Niedz & (1989) OHETHRHFHLILAEFEBAP 3
LMATNIL7M S EciBT 3 2 210 & D 30 %0
REFMD Y a— bERREEE T EMEHEE T > TN
%, KEBRTHOAEEII>LTH, B2 s
CETREFMEOY = — MYBERER L& 45 &4
TRETH A Do

Table 2. Shoot formation from adventitious buds

(AB) formed on cotyledonary explants of
mature seeds

Culti No. of AB  No. of shoots formed
t:

pvars masses cultured after 1 month after 2 months

Andes 374 1 2

Ams 340 15 3

Prince 35 0 ND*

*ND : Not detected.

2 RAEMEREERC L SEYERE

Ao it 3 ANEREHOEYAERA R, Young
5(1983) Ik vidTHE SNz, £ DK, kL S
Bl oEBELEENAADETCHVAILILEID VS
WA RS & O O AERE FHE U YA Z
X7 EBWEENTWS (Oridate and Cosawa
1986 ; Kageyama & 1990, 1991) , Honma & (1991)
i3, Oridate and Oosawa (1986) OFHEEBERL 275
HACHE » THRE L AR T IRIERRIC & b i A TEAR
DR B EVS S BREREREL TV 5, VIO
FHhEbA—F v vErA P4 = v i bEERIRN
U re3sA O TRERZFE L. AR E RN
O THE L L AERERE S Sk EEEST 55
HTH b,

-
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Mature Decoating & Cutting
seed adsorption Explant
Regenetated

plantlet

~affrosena e

Development
(MS medium)

»
V7w ana
(MS medium + 2,4-D 1mg/l
+ NAA 2mg/i

* + BAP 0.1mg/)
3-4 weeks

Somatic
embryo
% Callus

Differentiation of
somatic embryos

Fig.3. Schematic representation of plantlet regeneration through somatic embryogenesis.

FEMROFHBEZICB VT S, Bl & Fbk. LK
WEREEZ B FTEEEL S, AP TRAERIEK
B#HRE LT Oridate and Qosawa (1986) 0hikE%:
WE L e HEE RO I, AEITRANER D 5 ORERF
HRE R & OFE L e AERD & ORYAFAEEICD
WTHIE L 12,

e L UHE

Oridate and Oosawa (1986) ic &k > CTHEI A
Ho—#ERE L INEWEBEZH W (Fig.3) o
Fyvrray | TYFR BEU TLR O
SEREIRTE T A SHL H L 7o % LU T o ik TR ERE
Ltz BIB, 0% 8/ =T I5BHE. 1 %7 ¥ F &
WV VIET 15 SRR Ly sk T 3| (54318
Pt U, BB, BRI L T 6 BRRABuk & &
oo WK U Tz R & AR B0 L AEMIERSEHE
(MSHi+2, 4V 27vn 72/ vEi (2,4-D)
lmg/ 1+a—+7% Vv VEEg (NAA) 2mg/ 1+
BAP Olmg/ 1+>aki 3%+ w354+ 04%)
WBR L7z 25°C, 16 RERHE (BIEADET. 3,000 1x)
TR L, NEMEEGETE ORI LA B U,
BE GERRCFES N AERICOVWTHE L. A

EMOMREERIC>VTIE, AR » S AERE 1T
SOEELTM SRR L. 4 ERERTERICREE L
FERIZ>WTHA T,

HRBLUEE ;

Ao vOERET oW S0 L WA
(Fig. 4 —A) 2REWEREEM Eoiigd 5 &, BE
Bk 5 B i 15 L 7o WO D PR B3 SR U b 72
(Fig. 4 —B) o 14 B ZAE © ZEL 03 NS A
Sh BN, AR RS v IcBBb I, B
. SHERBBICRIVZIEBE AERLBIRE S NI
(Fig. 4 —C) o ANEMBERER®» o RELURE TV A
WA BICHEESBIE S iz, Th 5 OREMIZREE &k
T5LAEENE TCHELEREZEL L, BBELEA
EMZAEHAGYEERAMOM S Ec B+ 5 & 3 H
BIC3FB L 7o, BICHEERA Y 5 &AM UATE
HERMT 2 b0, il iET TAENERT 2 60K
EVwBnARFEERRER L (Fig.4 —D) o FAEL
ARESRER L oMk (Fig. 4 —E) @&SwchlftT
7. (Fig.4 —F) , —HOMEIZFBHREL 720
B &1 - 1o hs, P2 T Bl - T, #AREEE
VRT EIEFE MRS L - T,
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Fig.4. Plantlet regeneration through somatic embryogenesis.
A, hypocotyl explant ; B, thickening explant after 5 days of culture ; C, differetiating
somatic embryos on the callus after 3 weeks of culture ; D, germinating somatic embryos ;
E, plantlet developing from somatic embryo with expanding leaves ; F, acclimatized plants.




2o v OMBEERIC B W THET 2 (AIIZERZE R & Z OF|HIc B9 5 1157

ATEMSH B O B SIS A & RHITH W 1A ER
RS ER A VAEHOBMERTH 5 L HWis hi,
AHITHA U 7o 55H & B U AR OB A VT3, AZE
B LUXERED 5 AERFBE LT - /2 Kageyama S
(1990) OEBRTHFHEINALNERZ 7 VA EHOH
SMETH - 12,

AETHOE 3R, CORBERKHETOTNOES
SAEMDOFENSTIRETH > 72 (Table 3) o AEHR
ZIEE L AR OFIG IR, AW 3 iz oW Tid

Ty vzre (19%) BLU ‘TaR (T4%)
TEES TYFR (61%) Mo 2 mEEi
TELS Y mBEREGRED SNl

Table 3. Induction of somatic embryos (SE) from

excised hypocotyl explants of mature
seeds

Cultivars o of explants No. of explants 9%

cultured forming SE
Andes 27 16 61
Ams 31 23 74
Prince 33 26 79

FELEAERORBERIE, 51~81%ThH - 1c
(Table 4)o RE LRS- L ARNERIE, BILL 2,
BB PWTHIFET 26D, HBLILDATY 2~
FOHELEWSD, BUA VLT B b D E D
5Nz,

P E& b Oridate and Oosawa (1986) DHEE%H
L ANEWEBREEERR. ATV #
HRETH D, FICBREMA 2 T &Iz & b REMERBE
b LT 260 Ms T,

Table 4. Plantlet development from somatic embryos
(SE) of cultured explants of mature seeds

. No. of SE No. of SE 0

. Cultivars cultured germinated %
Andes 33 17 o1
Ams 64 43 o7
Prince 30 26 81

3 HRFEEREERCLIEDEEE

WEEEEHEERIZ, Tanaka and ITkeda (1983)
i &V Haplopappus gracillis #FlWTED THE S h
TRYMAREETH 5, B, REREELIC X 0 YA
DORETEI % HHT 5 &, WHAE L Ub bHEYMAREARE
NOEW F — 2 ROMMES (HRERE) »B{oh s,
H. gracillis DHZREREG, REAk L~ voBE TRE
BB RERSE O EMEEhTWE, ZEEECEHE
EHRER &9 B BT & BRI REY) O K BRI
LLTHEYUTH 2 a8, £ oMY THREEDH
EHAWEENLTOVS (B111988) ,

2 v Y TOWHFRRERTIE, kHS (1989) Ickvih
HTHE SN, FE U SRR O YA T REE
MR L 7o & RELL Lo RS EMSTRETH 5 2 &
DHHLHEL TS (PS5 1993) , A o YDA,
HIAR IR O BRI £ 5 MRS ZEH I 0 O T I
HENTELT, SROBEHETH 5,

AFERTIR, TYvRAwy BV, HREEE
FELTHYEERES ., HRREOFEEE L FE
L 7 HigRIRE D o oA EABRIC O W TEIER L7,

HHE L UAE

KIS (1989) &k » THIE S hc HRIFEFE L%
Huwi (Fig.5) o TV vRABY OFREGIRE
T LHY MU B2 T Ol THRERRE L, BB,
0%xs/—VTIEBE. 1%7vFANVI ViETI15
SRR L, BEKT3E (543 /ED B L7, i
T1/2MSEMICHERREL, 256°C, 16 IRHHE
(AtEEAT, 3,0001x) FTE#E L, 3BRMBICAE
U 7= KEEh © ZTEHA A 0.5 mOREF S T H L.,
HREEFEEM (MSEM-+BAP 1mg/ 1 +NAA
00lmg/ 1+ akE 3%) IKBEKL. 2rpm OHEET
FHRREE L7z, COBMTHEFEINEFIRER, 3~
4EET LB L, U (MSEHI+BAP |
mg/ 1+ a2k 39%) CHERFL 7z, 25°C. 16 ERIHE
TTEE L, MAREFEEE ORI LA U,
FICHRREESEI L, v 2 — MU (M S B+
BAP 02mg/ 1+¥afE3%+7 V54 F02%)
FENTY a2 — MR (MSEHI+ > a B 3%+ 4
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WA 02%) KR LY a—b2MESEL, M
Bllva— MR IAT UL, FEEM (1,72
MSEH+ > a¥E 3%+ V54 F 02%) L
FEiRE i,

HRELUEBE

WEHERE L 7Y vxxoy OFFIR3I BRI
FIEL, BOTTIE, AESBERL 2, < ORE/IMEY
okl (Fig. 6 —A) »oXEEVID ML, HREE
FERH iR E T 5 & AEMER L. BRSNS
ME—aRICA L (Fig.6 —B) , AEHNETIY
BEL. B el ORIEEHICR 1o & & ARTER M
WRFEEL L (Fig. 6 —C) o Y10 LRSMciEh v 2
JERRASERD & ula i’ FEE N7 HREHE 3R TEM S5
b I U 7o T h 5 LHils i, 7Y
YA Aw Y EROWICTES (1993) OWRRETER

Mature Decoating &
seed adsorption

Maintenance

(MS medium + BAP 1mg/l)

J,

Bud formation
{MS medium + BAP 0.2mg/l)

Cuiting off leaves

Shoot formation
(MS medium)

BRoOMBFHRBIE b, B bE bW ETEHED
WIHTH 2 EDBHRSNTV S, TOWELRER, #
REEHICHERHEREM TIRET & - 7o HERF L TOHRIE
HEnE L. v a— MEBEEHIC MR (Fig.6 —D) 7
B, AT Y 2 — PO L7 (Fig. 6 —E)o
COMERTY o — MBREHICHRT 2 &, va— D8
fEL7 (Fig.6 —F) o ¥Ya—hd1,/2MSHEHIc
MT 2. EBRETRIBL oo FBHRE 25/
REMADS B - 1o 3 SElmiior 2 U0 B | FEARESH TR
REEELB YRS &, ERBMAKE 2 BEIBLT
x72,

PEoZ Ems, FFETHO A o v OHREEE
R, MRFEAEE L ORYIA A B %W L
Tl bE b, EIED & OE BN REYMATE A
HETh 5 EHMs N,

-~ O
Cutting
shoot tip
Sowing
(MS medium) ;

Shoot primordia

( MS medium + BAP 1mg/
+NAA 0.01mg/)

Regenerated
plantlet

Rooting
(1/2MS medium)

Fig.5. Schematic representation of plantlet regeneration through shoot primordia.




Fig.6.

Aoy OHBREICE W THELY 2 AHIIIZRER & 2 OFI I 25K

Plantlet regeneration from shoot primordia.
A, apical part of axenic plantlet ; B, thickening meristem tip between leaf primordia ; C,
shoot primordia induced ; D, shoot primordia just after subcultured on the bud formation

media ; E, forming buds from the shoot primordia ; F, shoot formed from the shoot
bud.
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4 HFHREEBERCLSBEYEELE

MR R L 2 MARA R, BERICHFET 5K
FEEFE L BEEASET, BENIC 3R, O X8
FIEVE e TR S v RN IR Ak & BT
B0, —RRCERBRENDIEVEEL LN TV S, HE
I3 &, BEBFIIHIICR RS &b
FIHET. WO KBRS TIHETH B 1cd, TLEH
& Ul cREmEEE S LTREhTw 5,
A u vt OhEERWICERAEE RERIC3fTbh
TWiIZWh, CoHEEROBFERRE L TRl
WOF MPEEBFRSNTBY, Ao vy TRIOEDS
BRI B IRRE W,

AT, ‘TYvRAuY ORREFMEREERICE
B EYIERARRIC O WTEIE L 1,

HRELUTFE

WEF RS & 3 ARSI FOH R & - 7
(Fig. 7)o ‘FUvRAUY OZBRETH LY MY
LcBEL ToRETRERE L 2, BB, 710% =¥
J=WTI5B. 1% 7 v F RN VT 15 SRERE
Ltk BEKT3E (54371 L, 1./2M

SRR L. 25°C, 16 RIHE (D3],
3,0001x) FeE#LTHERLL, 4HEMBICATLL
Wz 1EIT w5, 172 M S R ifss
# L. BEEOMEREOBBMELEZBIE L /2,

HREELUEE

WEEL TV raroy OGS HEICIERIE
L. BRI 4 BERHRICIIK 4 BTE b HEMANERE
L7z (Fig.8 —A) o vk LEId-IP0AY 1,/ 2 M
SHITRMRUSEE L L T2 (Fig. 8 —B) | #R L%
R DB B2 TRIEM IR B T & b - 1o
(Fig.8 — C) », #REE 3 HBRICBIEMET I EF o
sk sz (Fig.8 —D) o €0k, MEMEL
(Fig. 8 —E) | £ 4 HRICIIR 5 &% o imikic
FTHELR (Fig.8 —=F), COEE, 1HiEb-o0H
Fipd 1 DOTERIMNEYIEHE b, FIREER
10 ~ 14 BEIZ3FEED ol PLEOBRIEERE D i
TTET, EEOHEHEPARETH > /e, ‘T VYFR B
U Tax T, BEHOREPCRONMET 5 % TOHIR
» oY vzAey IOBRE ok, 2o
[ERROR BB IR Ly ADHIEAAIRETH - 12,

Mature Decoating & ' :
seed adsorption Sowing Cutting seedling,
(MS medium) node by node
Regenerated
plantlet

Rooting
(1/2MS medium)

(MS medium)

Fig.7. Schematic representation of plantlet regeneration through axillary branching
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Fig.8. Plantlet regeneration through axillary branching.
A, axenic plant from seed ; B, node explants from the axenic plant ; C,
leaf base of explant just after cutting ; D, developing definite bud from
leaf base after 3 days of culture;E, elongating definite bud;F, regenerated
plants from definite bud.
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R EREE I & 2D O OMYIEO FABRE TR,
HNWVABEREE - oKD O T, £, W10
S F AN OTER G B THERAS L IR E T, £ @
BEAEBYa~bELTHEL, ChiIE 1HBE
UH2HOEBROPTHEE L LAEHFL LD Y 2 — Mt
EPAEMRDREBENLARTH - 120 & I3HRNLEHE T
Y. BHHERERIEFOFEED SR E h 5 KF
ERESELMMEEEDEVWEERTH 2 LM h
720

I BEEROEOEHHIIEAZEROHIREE

M - SARREEIC & 0 FLE Lo tc B B
faRE R IR P LB A B SIERRIEE 0 &R, 5
B R  ABOHOZERE TV AV TE Y, £
TOERELEL, T 5 EEATRETH 5, —H,
(AR R RIC I A EES 1S . &2 TOREIR2WT
RELTVWEEELLNTWS (Larkin and Scowcroft
1981) o Pt~ T\ REQHHICEH L TERERHAT S
T ET, WRET BRBEROEMNIZERE RO HBUHY
DFHIAEIREE X SN B, k

AETH, HIHTA 0V OREREREERICL S
HAMMKROREERE ZO MBI EEHAE L, BER
ISR 2 A MR SRR EE O A EARBE % 5 Fl o B
HEIC D VTR Lo 2 ORI, REEERE LT
fEADSEHEICHBIL OB T MM LI, 22 TH
2EITRMEHBHERAEEC A v v OREAEERTO
MR IREE R o MBI ORI 217 - 720
T AERERBEEROBEMBYAICHENSEEERLE

FHISEA LR ETF T 51518

2o v ORERERZ, FHEL L CRXTERSD - 0
A% Young 6 (1983) ik » CHIDTHE SN, £
O b Rl (Moreno 5 1985) | T2 (Oridate and
Oosawa 1986 ; Trulson and Shahin 1986) . AZE (/)
5 1990) 2 NS 1990 ; Kageyama & 1990)
2TH (Kageyama 5 1990) WED X o vy DWAWAR
WE MY o oIl AEROFESHEE N TV B,
Flo XS ICFHEI N BHRAERD S FA LM
YA/ MEYHAOBRPE TEIE L 7o & C ATERBRIICIER T

-1z

FERIT X 2HUEFHARZ. 2 o vy TIEHEAE B
T 5 EEERTL. TEE BB OB E L, ik - F
A& Nl SRR EE B A FICE BN T 2 e ok
L EWBVABRANEZL 6N B, — T, FE oL,
WA va, 83 4 REEMOIEYITIREELEP
REEIRALIC & » THAENIMAICTERER), AEREM, AETEI
WA WABERSEHEICHET 5 2 EBMohTw
% (Larkin and Scowcroft 1981) o - T, A w ¥~
BT AEMEHOEAFEA R Fd o B cFIH
T B PR E O IR R E R O R AT &
DIZLTBLBENS 5, TORbicid, AHIlNZEREE
ROP ATl 2HEnEEE 125,

AEITR A v v OARERHR O AR DI REZ 5
OWTHE L, BHIlZERE R LT 28>0
TEELT,

HEE LUHE
1) AEMEEL & EYaEA

Sl ) — Vo — VD SERRIERE T & o B 2 8
OHHERHE » TREMEFEL ., Mk ER 1, Th
5 OfEEAE LR OEBIC W,

(2) HEARYIADORES & R ORE

1989 4% 5 H 29 Hic FAEREYMA 40 fEltd (RO 1R %
EfE L. 6 H 20 Hic A 5 RiBERNORRHEE~ v FicERE
U RBURE P RE R I B OGRS O /E B ks L
Too ERIAAETTE LTHBEETO, [#EY 1R
EERSE, BRULLBEKIC>WTEES LR
EAEHEAL. R.IMRETFORELEIT -2, WBELT

TN —v— gy BREEL, BEETOREB O S
S HROTEETT - 7o
(3) EEEBBRROFEEEAE - BiEoHE

EWREEB LT3 54 SOERME (Table 5) »
SR L e R R OFET % 19904E 2 H 15 HIc#EHE L |
3 A 16 BICRERE L THEREIE O F R TR U feo 2
BlAHSITE L, 1HRME20 | RAEBRE 1, B,
B oMEEZ4A17TH, B, EXoHARsA24
T o too BIEZEITO, BRLUMEE ) cowTiE
EsLURELAHAEL. R MRETOREET - 72,




x oy OREEREER I BV T HIE T B AHIEREER & 72 oFHIcBEd 2 B5e

FERic B P R Z > R MR- 0T d 199045 7 7
26 FNCHRRE L. MBS o (F R ol U 7o, HEEZ T
TOERLAEEEOVWTRBERHAE LR MAET OR
HaiTot, MBELT ) —vv= DS, S
TAREE U T SREEFIC W TR OME 1T -
1o

Table 5. Frequency of morphologically abnormal

types in Ro plants derived from somatic
embryos”

Origin of Leaf Fruit No. of Frequency Morphological

plants type type plants (%) type
SE**  heart round 13 39 1
SE heart flat 3 9 1)
SE star  round 10 30 il
SE star  flat 7 22 v

NV ORAMERIC AT RO 2 WIETEE (¥
A7) REBFRPIC R AEEME (74 710) | 3
DORZNBES B E L 2R A (54 7)) BLOCT
N5 2 >DBENERE bt & ODEREE (54 7IV)
D454 TOHRES NS (Table 5) , ZhFHDH
BEEE. 39, 9. 0BV 2% T, EEEKZHV
TRED 61 %% Eo, M, WHELTHREL

Y = o=V TR AR & h e
e LRIl (2 NE D= (R A Y

Table 6. Genetic variation of morphological characters
of Riplans of somatic embryos*

Morphological No. of Ry No. of R: plants obtained
type® * of . : P
regenerated plants Line ex};l;rilrswd Leaf type fruit type

in primary culture Heart Star Round Flat

Seedling heart round 12 100 -

*Ro plant : regenerated plants in primary culture.
**SE : somatic embryo.

) BtripiiEig

IEERELZ I REREFEEREL ST R AL
LI 2 382 & & 1o o BT ARE % B SRR
(FES. 1990) ick v @EEE L1, HIb, HREG S A4
LI LT 3 HE oYk o4 . REKkPi A
NACT I BRERMNEL ., Bz s/ —n (12 3)
THE L7z, BIE L Ic#illid 4 %t vs —€4/ XA
RS, 1%~=2 by 7—¥Y—23, 76mM KC 1.
75mM EDTA, PH 40 OBERKIC LD 37°CT 1
WP U 7o JLERRR, WESRIGAZRRIK THEVIR L 72,
KpEEROERE, AROREREM T LHEEZ 54 K
FiciEE S, HREGER., U VEEER (PH6.8)
T 25 WITHRR L 1 BHERFH 0 F A 99 (Merk, USA)
HTER Mo WT IR E L fo, Rt i ket L.
HARZE S &, HRTMo Lo ME B L 72,
LEES

T ==V DATERESR O FA YA A
L. BERERIC D OWTHBERT > 1o £ OBEMNK
(Ro) Offlfgicid, X E LTI L 7)) —vre—

I E—31 42 42 0 42 0

I E—25 18 18 0 0 18

i} E—23 26 26 0 26

v E-37 2 1 1 0

v E-—46 34 32 2 34
Seedling - 32 32 0 32 0

*R: Plant : progeny of regenerated plant in

primary culture.

** 1 : Leaf shape, heart ; fruit shape, round.
Il : Leaf shape, heart ; fruit shape, flat.
H : Leaf shape, star ; fruit shape, round.
IV : Leaf shape, star ; fruit shape, flat.

IEHAS L UE 5 1 7 OEREED O FFE L F k4R
(ROERET B L, RJAMRTER LR Ic Lo S
N4 4 7055, WRESIERGHEE (5147°1)
DR R, 2TOfFIBOTHZEE bIFH &8 -
7z (Table 6) o RIEOAMBREVLEE (74 71)
OR MR, 2TOEICBVTRENRFEEE D .
BERRIERE R o, EOAPEBELBHE (547
D) ORMRTIR, EORIDBHIE L, £TERHES
ot WEERED 2 >DOERERILHE bR o
ik (54 7IV) ORMRTIE, Bc>wTiz, A
W2 2RO S b0 I RFETIER. BEEL 2 kDS B
I sIERRcmE L, ftho 1| 2T, 34 fElikh
O 32 fEASIEFRENCEIE Ui, —H, BIc>WTid,
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2HFEE L RTORETRERT LS -1 BB, MEEL
THEIE L S —vot= oS HlkiciE, BESB
F RS E R BRI L T A k0 HEEED &
NI - 1o Bo Ty FFEANR (Ro) IWEHE TRD
bt 2 > OEEEOPTREDFVIZED 4 25
R E W & e, % QD ANERBSRBEERYED
5554 70 ENPEEENERE oL B S,

FOEGREGHN B TH- T £y TORKRFO
EHEIZR A, RAMRIZE O T b 2ERICLZTRTICFE
BL7 (Table 7) o

Table 7. Transmission of flat character of fruits

to R: and R: generations in somaclonal
variants

No. of No. of plants

Line Generation plants Fruit shape

examined Round Flat
E—25 R 0 9
E—37 R. 2 0
E—46 R 10 0 10
E—46 R 5 0 5

EROBEMESHER S NI R RIEAEE - 46 DR\,
R RURHROPMAEBIE LT - 128 H, WFh ol
HicBWTd 2 n=B A0 REESEE s NI (Fig.
9—A) o FU=vrt— 1 OREEHKIZ2 =24
THY ., RERERFK UL (4 x) LHBani,
FEREL S EREE -3l EE-23hoBELE
R OB EAHH I VThofEIcBLTd 2 n =24
(Fig. 9 —B) %/RL. [T Mk (2 x) SHi
Ehi,

PafEiEIZ. BESEFE L BHE (Fig.10 —B) 2
A SRR EHBR L TE L oMERDRED o,
FHICOWT IR, PR S TR A R
B HRsEWERIC & - 72 (Table 8) o F72,
U DFEEE A DS L FAE L e Bl & i b T\ e s
b oteo BT OVTIEL PAREHR I 3 TR
DML (Fig.10 —C) 2 &Y (Figl0—E) | ¥
7o, FEEEASEEM Ui ilithfE (Fig.l0 — G) Z2& U7,
RESVTRIEE B P A E L (Figl0 =D)
BECHEBLPTVE EbIT R v P AL R D

Fig.9. Chromosome number of melon derived from somatic embryos.
A 4x = 48 (flat fruit), B: 2x =24 (round fruit). Bars:5 gm.
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THAEBUEET, HEE ST (Fig.10 — ETREFOHEMEL, HWAER. BEUR R 12
F)o ZY—vrt=—)v O {EEREIEYE 8 EniE AT ClR S REE T ROE ) > L RFEE — 46 - R, —
DRFEBETEEA TV (Table 9) o L L., PUfs JEBWTH3IHI%TH -7 (Table 9) .

Fig.10. Morphological characteristics of tetraploid melon derived from somatic embryos. A,
normal fruit (diploid) ; B, flat fruit (tetraploid) ; C, male flower of tetraploid (left)
and diploid (right) ; D, blossom end of tetraploid (right) and diploid (left) ; E, tetraploid

bearing many male flowers ; F, seeds of tetraploid (right) and diploid (left) ; G, herma-
phrodite flower of tetraploid.
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Table 8. Comparison of initial growth between
diploid and tetraploid of melon plants
derived from somatic embryos.

No. of Heght of No. of Internode
plants plants(am ) nodes length(em )
(A ®  (AB

Ploidy  Strain

2x  E-3l-R. 42 135+13 23+14 59
2x E—-23—R. 26 133+ 8 25+£13 53
4x E—256—R: 18 93+12 1814 51
4x E—37—R. 2 60+ 3 1500 4.0
ix E—46—R. 34 83£16 23*x16 36

Table 9. Comparison of seed maturity between
diploid and tetraploid

No. of % of matured

Strain Ploidy Generation Plant No. seeds sot  seeds

E-25 4x R 1282 07
2 312 160
3 200 3.1
E—-37 dx R S U X
2 12 237
E-46 4x  Rs 1270
2 41 228
3 13 359
E—46 dx Ry 123 203
2 315 238
3 226 301
4 289 351
Oreet 2x F 1 %2 832
et

2 vy OANEREROHAMYEOREE X (Ro)
D bR L 2 MO RBE RO b, EOKRY
DHPREL B BZERI, BR (R THEL T,
BEERTREDP >z, COERI. NERFER
WA EFEIYE L & ORS00 B T AR
VAEERT 2 BRETORBNLORERIC L 5K
ERTHBEEZOND, —hH. REOAMBRETL
EBERE, B (Ri. Rey Ry) WBOTHEEL
TEEFECHI L, RIENEBERTH > 12, A 0 v OB
BEEAEBEYOURICRERESHET 2 &3, Ko

(1986) @+ w Y FEHdREMFIC B LT b E D
THBD., Ho I OEEISTURETH 2 PREEZ R L
TWh, 2 TAMETRIFTFREE > ko T
(R ZHWTHEMEOREAEEE T2 L 25,
2 n=48 OREEPEES N, Aoy ORBERIEZ
2n=24TH5DT, RERESTFE IR
(4x) THBLEHRENI,

MEREEREEZ b b OO (R KB T
by PEoREE L sERILFKTHREL . BizEE
LEZbN, —H. EORINET 2 EHE I, RO
— o fEETRD b p, HihoREEY» S lRER
BEZ ohiih -1,

HiP1C 3N - SARREER I & b AR O A
HET 2 EBMESNTVS (D’Amato 1977) 25,
% O&E O MBI R/NE O, Y OREc
WABWA ISt OMESHE L, FMboRETTh
5OHIKED 5 B o b iAo MRS BIRW I YA & L
THEZWAIEMHONTED (Krikorian 1983) .
B~ T FAERYNCRERUADS HBIY 2 3 1K 78 5,
BlziE =y YTk, Hova IS LS R A oZ
Fx bbb b, TAREIAS IR B4
L7z (Mok 1976) o AHBFZETH WO 7o AE MTERES # %
ik BFAREKRTIR, 203 BAEPUEETHD, B
TESEE I S HE U, CORKE L TidssER
ICHW AR EFHEE S & OB, A v v AR
DAKEWER EDORERDBEZ 615, HIFICOWTI
WAWASTEE X CIBE O EETIEWE 2 AL 75
T TR S | AT B B TS A o HEBURE A
HTAIERLLVHLLIBETHA I, BEBILOVT
. BERBLET— VR e 728w b ROAT VS
HBELIET A, 1,440 fEldEric 5 s (0.3%) OH
RGOV AL TR & s (8K 1958) 236 0 |
Ao ARG AOEREL SR LT WETH
5LHELOND, A vy ONEWERE#ER L
fenWAWARBHTRAT 2, MEEEO MBI S
ZOHIET D VWTDOWRPBETH 5,

A EREMABE o ve F VARG A St kY
fEHE N 20— TH D, *nrickVTbave
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F UABE IS X O AEESEHE T WD (Batra 1952)
. BEhoHAEM-c > THAHELTVWS (B

FOFH L P PURSE & 3. REDREF. bbb RE
W JiRE L BRI E DRI o W TR T
UL T, AR OHER TR, AEWBBIEESRIC
FOFEAE LD 31 % ufskicii-> T, O
ASEMZRS S s 4 0 Vi 38\ T 7o 78 PO f A i
B EELOND,

Ao v ORI « MBS & 2 AR E LTk,
AR THREE Lic AERICEREE SR (Oridate and
Oosawa 1986) @ fiic REFIEBIEESR (Dirks and
Buggenum 1989) . 7w b 73 2 PEHER (LS
1990) | MSFMHIEREES (kHS 1989) L Ewa
WAIHEPREEN TV S, L L, WEhoFkic
SWTHEEL ko LR iz > W T o RTThbh
TWIE GV, FREORKRM G A v vidin vitro 5
Wk o THRD TP HE LT WEITH 5 2 &
FRENDS, —HTE, Tho0RERE., #iEzFE
APRKEW I E~ORHANEAS ST B, §E-T,
AEMBEEE R &0 FAE L chiiis cald s vt
SHIE DU HBLE W S BR D, ARy
RNEHZ DD, 5V G T OfhOIEERIC bBE
B, 2hoOBGHTHHAT A > TRRE L
TBAMENSLEELOND, H2HITRA D YO
BROEVIC L BB HBUBIRIC > W TOBSZT,
BBEFROE D &EROEEREROHBEHE L >WTEER
T 5,

2 BRERRFRAIEELVEBLIBBERIEIBE
MRRAERHBEOER

A v ORIND - AREREE I X S IAEA SRS LT
FAEHTEEEEESR (F] Dirks and Buggenum 1989)
FEMTEEEESR (B Oridate and Oosawa 1986) .
BRI ER GkH S 1989) | B HERER
(Ohki 5 1991) BLU 7o b5 2 FREER (Ld S
1990 ; BH S 1991 ; R 5 1993) @ 5 o EE T
W5, ZEERE A 0 v OBENEEBRICFIHET 3 bk
D, & QHAEMEDRTEROBRIC>WTHRE LT

BLBEDIS B,

A0 Y OAERIEBE &R HE T 2 B R o
B & ORI ZEEMIC > W TR ATES 1 ficali<iz,
ATEFHRO AR EEMEE RS E L 5 2 i,
Bouabdallah and Branchard (1986) i & » TH4 &
NTW5%, L L, BEAEOREL MBHYE, Sz
LHEW R E DV THEEHE TV, Zofthoks
Fiz oW T H Y OERIc oL TIRBEG s Ty
B,

FEITIE, A 0 v OAEFER. AEMER. HRE
HEBBLUBRFMERBERCBY 2HAMYED
R R () oMBHE I >LTHAE L.
RBULAEORERICBY 2 hlllERL R o HE
OEMEERGT U, B, ot 752 VEEBZRIE, #H
BILz7u b 732 b o V2 EFEL, NEFEH
(b 5 1990 ; BH S 1991) F 3 ACEMRR S (FR S
1993) THiMAZEA S 3453 Th D . HYHEAS
e LT AESTEBIE RS & 1 A EMTERR R RO
12 EEZ o0 D TAPIE TR 3 ITh 8D - 12,

MHE L URE
(1) Kk A

W) AR T T YT AL T AAD ST IR
Fo—EMAR & L, REFER. LAEWER. K
TS & OB ERERC Lo kL A S &
Too REBRFR, FUFOE 1 MEE 2HOBEIRE-
720
(2) FAEREYA O FRRE & Paf% (ko B

BEBELETHEL//MEYIE, Y-+ 254 M L
HEtLE L LIBGLUEe BT L, 20°C, 16
B HE (BIE3ET, 12,0001x) KRELA Vo —2
FyExy FHTENLL 72, BUES. BEPICER L.
PRIBUR I S RERLAE L B W R 2 7o 13RS o 1R Y
THIE L foo BMFEOFELMEMRE X & UThEE Ui,
AL TH TR L AR T UREG & L, BE®R. B
RAFTOIREE L7, ELET2BEL. BTiEog
EAREIE U R HIRET - 12,

(3) Htaihpise
B CORHE TN CHRBEMMOBRRBTERES S, &




KRR O v & — Y TENIRIEHS 1%

T4 A2 I L TEF K AN, 5°CT 1 HM
B U s, UBERE, =4/ — v BFiE=3 . 1 O
SEHETEE L1, 71295 — b OFFRE & GBI HiEN
DFEHE - 720 AL, BEREOMBERERIE | RER, &
LRI & B GEIRIR 30 43 & L,

WREELUEE

ATEMFZERL, AES TR, BTG & OB
ERBRRHCk O FANYIA S X O &SRO I A WA R
FNTHEE Ul NEME, AEH B L PmETERRD
FAERIA R, R RE £ 7 13X & ] UBRE R E %
DUt tee AEMRHIKREYIAD 1 % AEFHREDAD
2 %. WSRIFEIHKRIED 1 %L LIad - 1o M
FMERBZIC LY 7 o— VWL - & S 5RO
FHBETIREREO L% E T fo, O EEKE
HORER, HEREEE S YU E (4 x=
48) THUY ., IEFHRELE T A TR (2 x=
24) ThHotc, COBEERI. RIEITRIE L FEm
Pk o RS RE & A8 & DBk &L Tz,
HHERNCETE U 2o PUfs A x 0 v O NEMIZ RS 5%
I & B AR I BRI Bl B T & A RIET Tl
L7co AEETIE, §XTOHEI & 3 HARYE Y
SR AN (Table 10) T&EML, A urvol
HeRdIA T PSR IR & W S BB REIERR B
FRICHENBBIZ TRA L X o v OIS IcEER
RHRTHHLELOND,

(1995)

Bouabdallah and Branchard (1986) X, #* v v ®
FUEREY A R, SRR, PORRAERERE L. RO
DUNVIE, AEH-THBELTVED, ZHh50HE
PERICSLTEIEERL TV, AIETIR. FEL
FREYIE R AR SO ATH D . 1 %R Ok

AR U o iB ook CEVEDORE 18D Tk, =k
BAERHEYTLEL L TRREE LA h - o0 T, #5E
L5 - 1o 3 72ilk 2 Bouabdallah and Branchard
DL T B A L P LA o fE R A o 1]
BB 3B N5,

P iE i O o2l TAER S £ O RET ko
R Wi E i (Table 10) o B H %
O AR 13
PR ASHER S hic, AV e 2O Rt chufstkoHEl
Bl AEME L EATEFHROEMHTEL . 1T
N 31%. 30%TH - 7o MFREAIROMYIE T,

Yy vRAvy kT ART

4%TH > 1o BEFRERTE I & 2 HAREYIA I I3 PaRE
REIHAETEL D -T2,
FEBOAEMR., REFTEEE L ORI
BRI T B ARG (R BV 385K (1958) 1wk »C
OB E N FARZEREE T X B A v v PO A B
(0.3%) @ 1055 100 5k L, M CTHEERE I H
BB edbb, INOOEHERIIA oy OV AR

Table 10. Frequency of tetraploids in melon plants regenerated by various tissue culture methods.

Rate of tetraploidregenerated plant*

In vitro culture method Cultivars
Total
Prince Andes Amus
Seedling 0 38( 0.0) 0 46C 0.0) 0,745 0.0) 0.7129C 0.0)

12,/ 33(36.4)
11,/ 51(21.6)
5,/100( 5.0)
0/ 72( 0.0)

Somatic embryo
Adventitious bud
Shoot primordia

Axillary bud

14,/ 65(21.5)
21,/ 61(34.3)
0/ 12 0.0)
0,/117( 0.0)

26,/72(36.1)
22,/71(31.0)
1,733( 3.0)

52,/170(30.6)
54,/183(29.5)
6./145( 4.1)
0,/189( 0.0)

*Numbers in parenthesis represent percentages.
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DIFICEHTH 5 EEL LN B, —F. WHMEREE
FREIT X WA I BRI RO SNk - 7,
HI#ED =2 OHETIE, SMEEOWHEIC LD i3,
BEHEBRIC BV TR SO U E ki ABT1EREE
MATWS & 46T AT E &AL
TW5C & & TR L O AL EBER O 7L o3 HER]
Ehd, UKL, BEFMERBRR TN ok
FEEMESE . ERHEEYEERNT S 5 15 & RLE
BRBDIRWdDEEL LN,

AEITHY EF A v v OREREZR O TRESH
BB L CAEMERIEER TR, O & 5 IcHARYE
W PARE A ASESEEE (R930 %) Bl ao T, Thb
ORFEFR B X 5 HEERCENCRHATES b
DEEZLD, Blz, ChoOEERE A v IcBITA
WEMRIECIER L &5 & LB, RET 33P0
FICO>WT OB LT BEND B, HBVIEOHE 3 fi
T, CHSORBERENA L ERMEN * o v o
RAEER L. AEFIERB & OAEMRERE#E RO R
FERFEE LToESMIC > WTREEL 72,

IV (EHHEROLREEORNT

A vy QRFEREFE FEEYIEICBY 5 AHHER
O HBUEE IS > WTRET L kR, AEFER. AER
ek & O HSREATEREERIC B W TP AR O H
B 5 T EDHIAL 7o, BRI RESTER B & CRERIE
RIBRRTE ORI E . TR D) 30 %6557
BT H » 720 1o, HRFREERIEER TOMSEH
B IE 4% TH - 1eh, 83K (1958) ik » THits S
NTV 5 ERERER S Lok o HEEE 0.3
WITLEARTEWVETS - 12,

FETE, BIHBIUE HT A EAER &L
756 O AEH RO ANEMEERO RV, Yk
FAEBEE I B 2 BRI S Bo i > WTH
A, 83 EITPURMAE AR & U A O RESFERE
F UREMTERSE 5% 0 PR A O LA o &L
BEE L. oy OSSR RaAZ R BT
DWTHRE Lz,

1 AEFEAEEROEMEBEBREICE S 5RO
EHHER

# o i3, 73 (Moreno 5 1985 : Bouabdallah
and Branchard 1986 ; Dirks and Buggenum 1989) ¥
K UAZE (Dirks and Buggenum 1989 ; Kathal & 1988)
EAA & L AEHFERBEERPRES ATV S,
Bouabdallah and Branchard (1986) (343 KL
BRIC K 2 AR ICEBMERSEC TR L E
MR L TV aH, & 0L HEBEOFc- LTl
L TB LT, Fic, HBEROETICHS HEko
OV T OHEF 2L T,

AHITE, * v Y OANEFEHEER THR LIcH
Hani-n v 2 {iles & CHEAREYIE O R EEE oL
ZBE L. < ORFERIC X O FA L YR DA A
B B A I > WTRE LT,

MHELUFE
(1) AEFEEER

FEERTORNESF ISR, BIEE 1 Hio bk
hEoteo MER ELTHRET Y Y220 v ET VT2
W,

@ Aoz ilog it

AEHFFERER TS5, T, 14 HEREE U S RE
DAV ARG, FRAKPIC AN, 5°CT 1 HEHER
B L%, BEEE (=g —v Bi=3: 1) T18
MILLERIE Ulco DWW THEED 7 v 2 Ui 8% 1
mf L0 H U, RRKTEHE LI, BERE. Cobw
AREASA TS5 2 Lo THRBRREFT L, 37
C. BETT50 B L 7o, BEFRIEOMERIZ. &V
-t/ XARS 4%, 7 FYT—¥Y23 1%,
KC1 75mM, EDTA 7.5mM (PH 4.0) Th-
Too MUBBR TR, BARIREZATKTLE L. HiRoBEE
BEFTLThH oA VAR E X 54 F 752 Lch
B i, B, U v BEEK (PH 6.8) THINL
7220 %6+ & ¥ (Merk, USA) 2HWTER T 3043
PG L 1o B, SRR IR o W TR R
EREBE LI,

(3) HAWMYEOGOEMOTEE
ATESFHEH THA U 7o B/ MY A O 1R % 2K K
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A

AN 5°CT | HREMERMEE U7k, RiRoRER T 1
BRLLEERE U oo IR A v 2 Mg b o iz
HEEPE>TT Vo5 — R EIER L7, HL, Bshol
BRI, LR E Uieo /DMEVIES 720 10 BoHH
rifoMIla R B L. ARl L 7,

RS IUEE

FYvzAoY L TUYFR OREFREE
FTo R v A MK & ARG O R O L bl o
BEAET > 700 DVZBBETIR. WA WA ISR
& R ggE s v (Fig 11, Fig.12) o 55
MRS HMESEE 2 34 2 e b 7z - T, Bk
OREHMEA LA AR T 5 70 Bl o5
i bl W AEEERIR O BERE I MEL U 12

2X324 [
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Fig.11. Chromosome of polyploid cells.
A: diploid, B : triploid, C : tetraploid, D :
heptaploid, E : octoploid, F : hyperploid.
Bars : 5 #m. Cultivar : smooth skin melon
‘Prince’. Culture method : adventitious bud-
forming culture system.

: 4 &
~g%¥ﬁ*¢

Fig.12. Chromosome of aneuploid cells.
Bars : 5 gm. Cultivar : smooth skin melon
‘Prince’. Culture method : adventitious bud-
forming culture system.

T vRABY TR, BEL BRI TEE (2x=
24) | PUfEtE (4x=48) BLUREM (2n=22 —
25) kL EIE s vz, BRI HEHE R 2.5 %
Th - teo DEMKERTIZ EHED 98.0 % PAREHEDS
20%ThH ot (Figl3—A) o BETHRICIMHEME
MR D HARED 76.5 961z LU PUASPEMIRE O SR 11.0
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Yi¥mL e (Fig.13—~B) o —74, M (x=12),
SR (3x=136) BLUNMEHE (6x =T72) HEkaLH
T B U 7o BREMEMIOBB R 24.5 %61 L 720
& OITiEE 14 HRIC 3T VERRROBUE A% 44.0 961 B
DU, VUSROS 1L 35.5 %o F TN L 7 (Fig.
13— C) o —H. LfEth (Tx=84) , /\f&tE (3x =
96) ¥ X UILEMHLL EomRE M (n x> 100) #ikg
DB U 7o, REMEMEOBE R 14.0%TdH -
7o
TYFR TR, BRES HEICITEM (2x=24),

Pufstt (4x=48) BLUEEM: (2n=21—23) M
MPBE S N, REMHHBOBER3.0%TH » 1,
SEHIRE I TR EAS 96.5 96, PUREHEAS 3.5 % TH -
fo (Fig.1d—A) o By 7 HEIC 3 R VER o SR &%
80.0 %iciid U Pufstiie o SR 1% 15.5 % Eim L
7o (Fig.ld —B) o —/ F¥M (x=12) | =&k
(3x=236) BLU/ &M (8x=96) HEKIAH/zicH
B fo, REMMKEOMER 165 %ML, &5
IR 14 BB I3 S MR O SREEHS 30.0 961 L
PUfE ik inta OSERE I 27,5 Bic E TN L 72 (Fig.14 —
C) o —AH. AfEME (5x=60) \ S (6x=172)
B L UIEHELL EoBRERYE (n x> 100) HEkaAsH
FoT R U e, REMEMIIOBRII 95 % TH -7,

AEROBEERIZ, #» 0 Y OAREFHHREERTIR
BB 1ER®RA S 2 BE®R & 5 BoRlic B
TOHEEBI I AL E TVB I EERL TV S, HH
Vil « MHERRTE IC B 2 IO A RIZ.
Daucus carota (Mok 5 1976). Kallstroemia pubescens

(Sengupta & 1987) . Citrus sinensis (Gimitter &
1991) BEZL DY TREEN TV S, Ronichi
5 (1992a 1992b) B =v Y voEEiilc, L FK
SELOHFEMIIC A S5 B & S REHAREBE L TH
b, IhoDHR EEHFMEOBEIL L BHAGDEN
THEHR TRIROBHOERPRET L EEE LT
%o K. pubescens TIIREE 6 HRICB VT HEEM
f2D 100 %60 fEEME &l U T H - 72,
C.sinensisTI3 85 12 BRIC BV T HEE L o fifao
89.9 %6~ 94.3 B S HHAD REEME &[] U Zf5ATH - 1o,
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Fig.13. Variation of ploidy in callus cells and
regenerated plants.
Cultivar : smooth skin melon ° Prince’.
Culture method : adventitious bud-system.
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Fig.14. Variation of ploidy in callus and regenerated
plants.
Cultivar : net skin melon ° Andes’.
Culture method : adventitious bud-system.

‘T vRFT Y OANEFHROFELERMEYIATIR,
69.0 %A fEA, 26.0 %H 4 54k, 5.0 %H &M LY
el &2 2 EMETH -2 (Fig13—D) , &
MEF 2 HOMETR, TV vxroy OREHEH
KROFEREYMED 21.6 B0 UREATH » 1eo AEEBRO

15 (1995)

BERECOME~H LT\, FEAEYEC 29

RN D RERA P R R BE s I - T,
TUYFR OREHEHEOBFLAMYA T, 56.0

M, 37.0 % HSPUREE, 7.0 %S A & PURL b

ks SR 2Bk TH - (Fig.ld—D) , HMEF
PHIORRTR. Ty FR OREFHKOFEERY)
1RO 344 RPIEATEH - 12 AEBORERIZT O
E—H LTV, £z Y vRAwy LRERICESE
R DA (AL DR P R B S isd -
720

Aoy OREFEBEERR TR AV AR,
TAEME, AR PUREME. EASME. SAEHE. LAY
JERE, 2h D o sREREOMTRER S T
WHIR AL ST, HAEMYER T MAEE. NEKE
BRUOTMEEE GO BRED A TH - 2,
COBRIEF. /-y B O Y THE YR A
oy btxyrHAosThHS B LT
B0, A oY OREFEBEER I BINCHTRES
BREEZ 505, Kallstroemia pubescens (Sengupta

TYFR

5 1987) % Citrus sinensis (Gimitter 5 1991) Tl
7V ARRIT W A W A ARSI S i b »
b LT, BAEMYBRETIRBETH 1 H->T,
N5 OREYIRE T YA O FAE IR T A DI o #E
K EERR & . ARSI D A0 SFIRANC B A Uz &
EZoN3B, Csinensis TREFERZF L ClUfEE%
BESEThIE, Eucave F Vv ERINT 2568 S -
oo LU, * B Y OARESFEEEROHY A A
BelR, aves VB EE LB &b, TR
PRI I PRSI & BB & i M ic B LS B 7
O, TR L Ot S SR REYMA A
BITbhThwiEEL NG,

Aoy ORESERRO BAEYE I R REE IR E
AN 5 o, MRS IC & B YR O FAR T R
K&/ EFEHED~2THY, F—n7 =22 (Eizenga
1989) ® =7 & F (Karp and Maddock 1984) Tidh v
AHROBAERYEDO ZN TN 36 %. 29 % EEE
Tdh 1o —H~ Lotus corniculatus (Damiani &

1985) T3 A v R RO BRI 72 ARz I3 R




# o v ORI B O THET 2 IR R L £ O HIcBd 2 BT5E

BRECEENTW LML -1, AREOHERIEA v v

REFWEERIE. L. corniculatus & R BEUA

BIFHE NV I EERL TV,

2 AEREREBEROBEDEBEBECES SO
fEHMHER

Ao vk, T (Oridate and Oosawa 1986). &
il (Moreno 5 1985), A (Kageyama 5 1990), %
TH (Young & 1983) M EWAWA MR EARA & L
EAEWEBREEBERPHE SN TV, Ll CThb
DOIEBERITB T A EEEBEEOEITICHN S HEo R E
HERICBT 2RI b TV,

Aoy OAEFEEEER TR, HRaRoETIpE
WA O R E ROIEA L, L L, AEHF
ok, REMA AR O BYBE T RS B & OPAREHELIA O
BRI O SRR A BERR & v, T REMERINE & 7o Y
el o E LTHAET R EDNIHOhER -
(ARFESE LHD

AHITIEA vy ORNEWERIEER THES NI v
Z MM AREMS & OEAERYA O G 0 2L A B
L., T ORERO ARV PO A S 1B
TAERIC D WTHNT,

e L UHE
(1) FEWEREEER

AEHTONEMEBIEER G, HIEE 2 fiokk
ot AMER ELTRET Y Y220 v BLUY Y
7 —FK (BREHEAGR)) 2RV,

(2 vz ke oGt AR

B A%, BEE BB Sh e RERERD
B & 5 v 2 DB & FHR DO RNEFTERE RO A v 2 ik
OEEF B » TIRRME, EEZITVT L5 — b
VR L. REAHEBIE L 1,

(B) REMOYLETE

REROMIEN AT 7Dt ML LI REREM S
B FlcER L, 2 HR25°C, 16K RIHE FoREL
foo BEEH, AEMZZE/KPIZ ANTSCT 1 HEIK
R U 7o JLEERS. BIROEER T 1 BHLLEREE L
oo UBERRIZED v 2 MO GBS O BETERI Bt »
TT VN g — b U, [BU, BEROMBRRIZ,

50 & Lico REMRS 720 10 D2 i o il %
Blg L. FEMEHEL 72,
(4) FRAREYE O A
ATEZF sk P AR YA D G R DBBE T HE U e,
BESLUEE

T vRAT Y OANEMEREEERO 7 v 2 il
129 B O E B L IR, D S DL E
DEIREENE £ <l 2 O BMa s g s v (Fig.
16 —A) o RO HBHRE 3 " 54, PafEts LU
JMEHOIEF T, £hEN 41.9%, 27.9%., 116 %T
H ot £OMOBHEMEMIIE. VTN b 5 BT D
BTh-Te, o, B HE I 0, e
BT RHR O RSB0 B E) % A g 5 1o ic i
Fo O oM ED TER Lize vz filad o
FEE NI RE 96 fHlic >\ TREEME A B U SR,
TR, PR E O WThirTH - 7o (Fig.
15—=B) o Thbo fith, MUt E L O/ SO RE
o HESHE R, £hTh 50.6 %, 385 %, 115%T
Hotzo Bic, INSONERD SEAL YR
ik L OVUEHEAD AT, S EEOREYIE TFA U ish -
o (Fig.15 — C) o HAHEYIA 60 ki > T WA
EEE LR, A S UE RO BURER, £hE
NTA1BBLT2259%TH -1 NEMB L CHAER
Yl BREA P REARHER T E A o 1o,

Gy F - ORERERIEESR O H v A {97
BO/EHEABELLER, Y vy22oy K
ERED & B E oEIREREEE TV AW A IE
tomasEsni (Figl6 —A) , &ilEo BB
SRR I A, DOfsEtEB L O \EHDIEFE T, EhEh
43.3%- 258% 155% TH » to % DAhDREEHERD
faid, WIFNd 5 BLUTORHETH » 7o Fo. BEM:
MEasEE I NI, 7Y Y2 A v v OBE &R
Yoo Rt OB 2 IR T 5 7 DR DS
oMl & THE L, AEMEEREERIT * Y
7R RROES S A, TS LO/BHEA
EMO s BFEEE N (Fig.16 —B) o AERK 106 &
COWTEMIEEREIE LR, A, it LU
SEHEARERO HBSE X, £hZh 32.1 %, 57.5 %
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A. Callus cell
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C. Regenerated plantlet
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Fig.15. Variation of ploidy in callus cells (A ,
somatic embryos (B) and regenerated plants
o .
Cultivar : smooth skin melon ‘ Prince’.
Culture method : somatic embryo-system.

104%TH o1z NEERERD S BHEYIES L
T, RN & PR O RER D A ASHEYIA I £ THAL
fo (Fig.16 — C) o FAEMMAE 49 fiEic > W%
B ER, RS X UOMERoHBEBEE X, h
ENS5I%BLTAMUIKRTEH 72, TY VAT
& FIRRIC AEIR B & UFFAERAYI R IR A 0 B 13
HERTE o1,

A. Callus cell
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Fig.16. Variation of ploidy in callus cells (A) ,
somatic embryos B) and regenerated plants
©.

Cultivar : net skin melon * Sunday - Aki’.
Culture method : somatic embryo-system.
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AL > TORWI EERELTWSE, Ao v Tk
RO UL EEICE S » T WA T EDATHE

St BAROABIThbhTHA I EPHEEhTY
% (M« A1 1993), * o Y ORERER S ERIC B
J BRI ORHIE B S i g 5 < L id, HEEM
Tt 5 < & 726 Dl FAERYIE O 55
{LEHIHT 2 LTRDTEETHE 20T, IOBIET
B RS SRBETE L EEAL OGNS,
Plocépn, oryofEWEREERTE, B
TR OE T IO RIlO b mdc i T L, 2D
& O RO hT, T, Ut s LU
JS\REPERRE D O ERINICAEMSTERE N B L EX o0
BH. HAEWD®RSE T Bk Th -l b
5. TR X UPRHERERS SEIRF N YIRS
HLTLBEFEL NI DX ABIERIET. Citrus
sinensis @ embryogenic callus % 2 v b F > THLEE L
THEELEAER BT HBEEN TV S (Gmitter
51991, TOHE. FEULAERG M. =R,
Pufstk. SR L O/ UEETH - fo b, FAEREMIA R
Tk VMR DA TH -T2, L L, Tk F LB
O L EHAREMIGR 2T A Th - T
AEBDOFER & C. sinensis (Gmitter © 1991) Dk
B o, MilgoBENE S LNERS LS L UAERD 5D
REPIATEA I 3 —EOFERINED & 5 < E RIS 1 5,
Z T HVAKIR., NERB L O/ MEYIEOBRE T
fobk, PRt & O/ SO EERERH L, BEEEO
HEITITRE D R D& L2 LB L 72 (Table 11)o

T, SR VTRERE V2 #ifgE ORI TH

Beal, TYYRAvY ONEWRTIER, TS
PafEE D thEA3 1.30 TH v 2RI O 1.50 i b ~TRHD
Lize S &b oSN Al & v A8k
HELRTWEEZ GNh 5, o, S\ o
#1E 3.61 (A vz2fill) BEU435 (RER) &7
O PUREHE S AEED IR S 2,40 (F v ) S
3.35 (fEHL) ~&WmLt, “HrF—f THIAE
P/ VAR o LSS 1.68 (v 2 k) 25 055 (F

fELPFTnEEL LN, Tl BN \BHo®
3280 (vl BLU3.09 CRER) &30,
PapEdE RO RS 1.67 (A2l BLU5.52
(FER) L7 > TOTNOENERD TR - F, T
DT ED S SEHEHINE RE RN PAAE IR X D
FERIZHME LIz WEEZ bl

o T, FAMYIG & AERO B> W THE S
&, T vRAuY O/NEYMETIR, THE Y
RO HH 172 TARER OB (1.30) T
MLTWl, “HyF—F o/Mavkcd. 5k
VU ik LA 1.23 &1 0 ANER (0.55) wkh~Tig
MLTWz, ShoOfEES 6, TREEAERIZPUREH
AER L ORMEE LTEHALPTWEEL S, UL
FoRERYP 5. v 2D S ORERSH LOBRE T3
SRR <A< PURE R O NE 3L L
WHDEHHIE NI, T, NERS S OREYIEFLED
BT, A\ R <PufEtE< Mol HA L 27
WHonEELIOLNS,

EHHEOEVAERE SHEYUEICHE LT WS &h
5. AERD & ORPMABES R A ) 5icid, fE5E
DIEVWAEREFET 5 & 5 UHBRORBPEIEE

Zohb, AuYDRAERIE, ‘T—WA7=28Y v b

Table 11. Ratio between various polyploids of a callus, an embryo and a plantlet in

somatic embryo-forming culture system

Diploid /tetraploid Diploid octoploid Tetraploid ~octoploid
Culture - - -
¢ Cultivars Cultivars Cultivars
stage Prince Sunday - Aki Prince Sunday - Aki Prince Sunday - Aki
Callus cell 1.50 1.68 3.61 2.80 2.40 1.67
Embryo 1.30 0.55 4.35 3.09 3.35 5.52
Plantlet 1.72 1.23 — - - —




KPR ERER G v 5 — A TERAETSIHE £ 1% (1995)

HR3I® EAMRELTCHVWIEES. 2. 4-D.
NAABIUTAABREDHEEA —F ¥ itk b FES
BIENTRETHD, B4 —F v Vit XD FEEA
EROHRT T A AL DFES Lo AERD & ORIYA
BADFHC BT TE B LT B (Tabei 5 1991),
hid, TAARED, kL EL P OEHED
BEVWARERHE GHFEENTWEILERET2b0&
EZohb, T, FHIAWO EZEYMEITH
3 Y vzAny RHOWCEEA -+ VIREDA
ERFEL AL, A —F v O FES - ATT
OEEH L oBEIZ > LTS AIT L& D & Lied,
YvzAuy T2, 4-DEERNLEHDIA
TRAEMOF R I TE I b (RFEER) o 5%,
2o v OREMEBRE#RERET 5Icblc b, FER
OFE S EFES DI AEROEHIEC > W TR
BEYENHDLEEZL OGNS,
3 MEdBERMEF OEBECEBISLEFELIUALE

FEE S EEEE

A a v OEREROEAETTEREER TR A VR
o A2 R O IR R B OBITICRE » T
B HIUGEHELL E o SRR £ TR IiR L fehs,
AR AR PORs R & O T RIS & PRt
fik & >IRBAOSTE - 1eo FEMEBIEERTH,
71 v Z KRS D R E D 22 TR R A S LR B o
ERAEEMEE TR Loy, REMBR T, TR,
Pt B & O\ OIS I & hte, BT, AR
Yk g CRHAE 1 BIUEETH -t - T
2 v v OMBEEE TR AN F 3SR SR
BN HEMADEAT 26D EEZ OB, COEENIE
LuwEdiid, TfsE» o v 24 48R & L TAREHFEK
FRENERRREERTHE L. Mk ERts g
S FERMPIMADTE &Rt A L 155 EHERIE h B,
2T, AREITCIE, PSR 2 o v SO A RINL
TAREFEEE L OLAEWEHREERCHEEL, BAL
FAEMAD B R BB T S5 EIc kD, COEHDE
Wiz WTHRE Lo, Blio, TERB L UHMAA S o
VENER & U EORRARIC LT A o v oM
H TR ASEBE I HE T 2B W THEE L 12,

HElsLUFE
(1) R

YT - ORRERET VB TES 1T
st X0 AR A B L i, Mo AES
R IRIC & 0 558 U AEF R O FAERMIA A1,
BRMEERE L, HIEIC X0 EES o, B
(FEEBEHOKE MREFRE) 1k b Uik & HRT
FeRE (LS 1992) B SBWEEIT - e, HRED S
ERAE U 1 FE T R AR O QA B OB, DUtk & T
BENIREE LT OFE#FIC AV,
@) FEHEEB L OREWIERREESR

Puftitk (4x=48) F# (AsSAF—1& AsSAF—
2) OFRARE T oA EFRL., AR GEIEH |
il LU 2 H) O T BEREREO TS L OAE
W ER CRE L TEMEERA S g, ZhEh
B 4SEEICTERRT (OB & 7o eSS
Freg, AR S0 ORESR $ R 3AEREBRED % H
B UTzo R LI AES B & UAEIRIE, HIECR - T
MIARLED 12 b OREE T 1o XBE LT v 5 —
e oG (2x=24) Rk (SSAF) H»oHE
UM f 2 [ O ERIC L -~ THE L 7,
(3) FRAENAYIR D AR IS

ATEH & 7o I AEMRER O FAEREYE O Mmoo 4
R BE O i - THEAE L 7,
RRELUER

Pupsihk 2 vy (BEHASSAT — I BEUPASSAF —
2) OTERZARER L L TAEHERE SR TS
-1 h. AEFIERERIRZZNEN58.3%BLT65.0
%Td -1 (Table 12) o AMEA H 7D OAREHFIEIK
i3, FHMAsSAF— I BLU AsSAF -2 T&#Nh %
N0BBXV 135 ThHote, —H. &k vy (R
HSSAF) 2AEHEBEBERTEE LG, AE
R L A 13283 % & D, AR M o
FEFEHRI S 0.62 To1d 72, L L, AR
7o ORYIEFAER G, HEHERETZENTN0.07T B
FUV0.05 EVTNEEVEE L -, Fho, EBHET
BIER L e RNEH D & v 2 — F B LD - foo B
R O Yt lb B A T~ I hE R, DU TRR 2 S &




Aoy ORI B W THET 2 AHTERRER & £ oFIF IRl 35T

U 7o BB 7 A L e 2Tl A Toh - 12
(Table 13), EEEPCRMARMEE S NI - 1,

Table 12. Morphogenesis through adventitious bud
formation from tetraploid explants

No. of % of explants Adventitious Regenerated
Ploidy explants  forming  bud mass/  plantlets/
cultured adventitious  explant explant
bud mass

Line

AsSAF-1  4x 60 58.3 0.98 0.07
AgSAF- 2 4x 60 65.0 1.35 0.05
AsSAF-3  2x 60 28.3 0.62 0.00

Table 13. Chromosome number of regenerated
plantlets from adventitious buds in
tetraploid explants

Line of  Ploidy of No. of regenerated No. of plantlets
explant  explant plantlets examined confirmed
AsSAF—1 4x 4 4(4x =48)
AsSAF-2 4x 3 3(4x =48)
AsSAF—3 2x - -

Pufsis» o v (B AsSAF— 1 BXU AsSAF —
2) OB E A & L TREMEREERIC L b B
BET-1BE, ThEN 1508 BLU16.7 %O/
Fn b REMDTER & iz (Table 14) o AR 247
D ORNERTEEE L, BHAsSAF — 1 & AsSAF —
20znETNTOIBLUV033TH»7c, —H. K
oy GRIES SAF) 2 ANEMBEERRTRE LI
B NEMEBARERRIZ 433 % EEWEER LI,
AR 2720 OAEMERI £ < 1.03 TH - 12, 4
REF 247 0 OREYMEAEARIZ., USRRETEERLE N
015 BLTF0.00 THD . _REERKTIZ010TH > T,
VNS ERWE &S o fo, FAERYIA O R EEEE TN
FoAE R, PURS R E AMER & U 7oA REY A IR ISR L
to 3EAD A THIUREATS - 72 (Table 15) o & fz.
CRERRSEAE AR & U o AR S BIEE U e 3 ik
o2 EASS R A, L EESIUE TS D . BEELR
PR RS N 5 T,

Pufitk 2 o i o DAMER EAEF RIS ERE L U

Table 14. Morphogenesis through somatic embryo
formation from tetraploid explants

% of
No. of explants Somatic Regencrated
Line Ploidy explants forming embryos plantlets/
cultured somatic explant explant

embryos

AsSAF-1 4x 20 15.0 0.15 0.15
AsSAF—-2  4x 30 16.7 0.33 0.00
AsSAF-3  2x 30 43.3 1.03 0.10

Table 15. Chromosome number of regenerated
plantlets from somatic embryos in
tetraploid explants

No. of
Line of  Ploidy of regenerated No. of plantlet
explant explant plantlet confiremed
examined

AsSAF— 1 4x 3 3(4x=48)
AsSAF— 2 4x 0 -
AsSAF—3 2% 3 2(2x=24),

1(4x=48)

AEWEBREERICL DR L, BAELEYEOLRE
AEHOBIERZT - fobd, EROMYNICTFRLI LB £
TOBEBIUEELE 12 51 TOT E A v v OFIRERE
B TIEERERE M, & ORI EASKE TH 5
CEERTRLTBY . AEHHRIEERCAEMIE R E
Frs & ORREE R I L AfEEL EomRERE RS 2
CEPHETHELEA LN,

A u Y OREFEHEESRS L OAEMEEREER I
B B AR PORS A O EEE I BT T 2 B A 1R
e 570, B 1HEL B2 HITRIME v v RV
FREIETRUMSER Y o vEROTEBERTRES
TOEEHRO B LI >V TS E T e, Z
DOFER, # v v OHIBELE TR LT ORI RaR
TERHEICHET s bDEEZI LN,

1) SEERoEmicthy, BEli s 2 558t
ERIRIPBHICEE T 5, HEMEOBEEOZKILD
R E UTid, BESRS% (Sengupta and Sen 1987).
A% (Ronichi © 1992) RSB 2N
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TS24 (Ronichi & 1992b) i E TV 3,
2) AEFPAEMROMEER T, Th o0
g E & & O IEEEUA T & S UG & O/ S
fain & BN AL F P AEMP TR SN B, AoV T
R PR YERIRE A © O AR AEF O MU REFT
bHb, TOBRMTHEMBMCBIES N B
eI R E h 5,
3) Bz, AIEFPARELD L O HA DR T
B L OV DA B & CAERD SRS H
g 5, AEBICH T HEEEED S BRI KO ATE
FORERBERMMAEE LTHAELPTWEZEZ S0
%o BB, E oo RS S YRR A
PHESTHEHTHD EEAL NS, AEFE LEAE
Moo b & 2 o DREYMEHAEDRET, 24 D
NPT, Shai ol & REEE S FE 1L B IR I3 BERR X
N5 (Senguputa © 1987 ; Gimitter 5 1991), LA L.
2oy TRMEESERRE hTIcYE S LTEELT
< %o
4) ®OFER, » v v OMBREEICE Y 5 A EY
B E b i SO EEE I B B,

V BEEHEROFA

A v v ORI « AR & B FAEREYI A O RERIEZS
REFE LR, AEFdkoBAEYHIC R, 2K
O L AV & PR O R R B < —
v FEE N, AERHERO AR ZZ O
EREENTVSZEMNHEL ER -2 (BIE) , —H.
Z QA DR REE IR T & 9 AEWEE P A
EFEREERCL 2N OEHIZRETH 2 EH L
bhic,

AETIE, Ml - HEEEIC X > TR L 2 ufsth %
FIH L T % oftho %k BEAOFHZ R A 120
1 HEREEC L YHE CmERORIRIC K 5 =5

DIE

Batra (1952) 13, Ik F v ERHOTHGEEA o v
EPEHLTWS, 8K (1958) & Nugent and Ray
(1992) 3. BRERERICL3MEA 2 o v 2HEL
fodE B, PURSE A o v i TS E 2 v s TR A

BL. CORER A o vy OEICEYTH B Lk xTn
5, LipL, TORERFELERO, ZRELPT VW E
Do BRI IR TE R > T2o TO& S 1S PUEER
Kick I 5 ARPHIE, S8EE ko L ~vE o
TEHhREWETEL D DEZELOLNE,

—fiC, ZREARYE TR S AR ORI &k > T
fEiE s (R 1987) o 88K (1959, 1960) X, H
SRIERAETFIC & > THBLL 7P A » o v 2 fkisfio
kAo v ERMT BT EIT kD, EfEAA v AR
TAHIEIHBIILT WA, BEF « %M (1990) i3k
F VPN K 5 TYEH L 7o PURS R 2 o v AR LT 6%
EX PR ORHMEA TV, B o N RN E RS 2 C

CE D EEEOFEIRII LTV 5,

AEICIE. 1) MEREEIC X > TEMEE 2 o v &
BEEO A o vERM L, BONERETH S
o MU RERRRE BRI ET 2 LickD,
=GR A o VISERENCEI TR e D & M5 TIT 2)
Zf5AA vy ORI O WTHIET 5,

MHEE L UHE
1) #k

“fEk Aoy (2x=24) (Cucumis melo L.) TH
BEHGS I BLUAAS | LVUfEHE v v THBEH
GE46BLUAsAdIZEH VI, GS 1 BXUA
SIRENTNRES Y — v = VBIUT VY FRADH
HEBRROBEERMKTH 5, FHGE M BLT AsAd 9
BREZNEFNGES Y —~ v~ VORERB LU T v F 2
DAREF RO BEAFEE O I RniZ S hi-lfgkof
YA K BINT, PR ZEE L TRz 5 T
EDHRENIRETH 5,

(2) WhEEE

A ooy PO A 2 v v E DA & 5 TE
RETHERW, BIb, k2720 3~ 4 omttitic
BEETO, BELLBEEoHO | Rosa 2L, fild
MR L 7zo 328 50 ~ 55 HRICREED SEFZERELL
HAWBR Sk, RELLBREZROHL, 10% x5
J=WTI0BE. 1 %7 vF RNV T I15HERE™
Bk, BEZARKT IR LI, IhsORELALR
A2V alE3 %, BRK08%EBMLILMSKH (P H




Ao v ORI R IC B W T T 2 (AR L T & 2 ORI Bld B BT

5.8) (Murashige and Skoog 1962) bz MEHEREL 12,
25°C, 16 B HE (BT, 3,0001x) FT 38k
RE®R. MAEMEEZ L, Tho ok
ORI O R EERE T E 2 — 3 0 it - TH
HL1,
(3) PRIk OREHE

FARYIRIR R b icgk B L Bt - T E
1710 BMERE T, YRR EMcEM L, Hi%:
fTote LipLy ZNORBKE LD -T2, 22T
BRI = b b~ CRREEZE) S0ng/ £ JLBEATT
WEEE S B, Sk WTEE bk, K
DI, ZRHE, Brix i, RBEFHEHEL I, &
Heds & BRE U fe AR & OPUAE K b IR & U TRk
L, FBOEIC>WTHEERIT - 12
@) ekt ofE

BAAE 2 H i &AL S HETERFIL . LIFO 220
Fik& 0 LB OREEIT -7, BB, Hilgh — 3 v
Wk BRI OESE v a BE 10 %ERMU 72 1 %
KEEH ECORFR 25°CT 1 BRREE) 1tk -,
BT 1 BRI 0 200 K OfEMEBIER L 1,

R
(1) 54k & PURSHA DI HAe M
BNt 3~ 4 QWi Eic ZB AT S itk AT

A0 YOI XA TEELRL TS, %k
X URHAD TR O NI RER, 2HOBT26-T
Wik, REMESUETRETATWEL -1, £1
LTI, BLBERTEH - 1oh, —HOFETI3TIE
o ostEr ATt (T, #REAZKRE W)
(Fig. 17 — A) ©FE I U RHARE b » T,
GS1 (2x) XGE46 (4x) BLUAdS 1 (2x
) X AsAd9 (4x) o TIR, REA2ROHIZ
FhENREESH0 338, T1.8MHTH -7 (Table 16),
Pufisik x AT, REBZHOTETE26-T
Wie UL, AsAd9 (4x) XAdST (2x) @
ZHTHEMEBUETREGENTEST, /0. G
E46 (4x) XGS 1 (2x) ORMTRAEBH ALK E
SUETDBIEGEATVWADAT, BTduclhiz4<
H oot

Table 16. Maturity of seed embryos produced by cross combination between diploid and tetraploid

No. of variously developed seeds per fruit

No. of No. of :
Combination fruit seed With mature With immature Without embryo
examined per fruit embrvo embrvo or with abnormally
y y proliferated endosperm
GS1(2x)
4 492.0 33.8 458.2
X GEA6(4x)
GE46(4x)
6 293.2 0.0 0.2 293.0
X GS1(2x)
AdS1(2x)
6 573.3 0.0 77.8 495.5
X AsAd9(4x)
AsAd9(4x)
2 251.0 0.0 0.0 251.0
X AdS1(2x)
GS 1 (2x)self 2 551.0 394.0 0.0 157.0
AdS 1 (2x)self 2 436.0 365.0 0.0 71.0
GE46(4x)self 2 265.0 90.0 0.0 175.0
AsAd9(4x)self 1 478.0 88.0 0.0 390.0
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Fig.17. Plantlet regeneration from immature embryos derived from
the diploid (GS 1) X tetraploid (GE46). A : immature
embryos, B : regenerated plantlet, C: chromosome number (3
x = 36). Bar in (O indicates 5 pm.




Z v v ORIFEEEIC BV THET 2 klERALR & 2 R AT 205

2 FEELEKD S Rk EE
REAERESDEFILEE O HEAORE TR
Lidtroto, 22T, BEENORE, REL2NKE
MSEHth FeMErcRET 2L, GS1 (2x) X
GE46 (4x) BEUAdS 1T (2x) X AsAd9
(4x) ODHAGDET, Th¥FN20 %, 2%BOHEER
S SR CHEAE L (Table 17). 48 L2
EOFEIIEFCERM LD - 7 (Fig.17 —B) M,
Va—bAHEL, ERLSAENERL 2, Mkicn
515 - e REAER O, TEER®RIC Y 2~ b
PHE LR > bDP I VAERK LI bDHED .,

WHERLUI, ZEROREOLIERIZ, UEFEoZHh
IO HETFL. ZREHEOZNED bED -1, Zf5kD
REDORERL % JrREREE TIE L 72356 @ Brix fiid.
GS1 (2x) XGE46 (4x) OHlaHHLETTO~
120ThHb,. AdS1 (2x) X AsAd9 (4x) o#
AEDETILBO~152TH T, ZfEFORERZ
COFEb-TORS, BRE-{EFTATL
[AQ N AN

Table 18. Comparison of pollen fertility among
diploid, triploid and tetraploid

% of % of

Fo, WEEOXTMRHIEL S0 BERIROBE  Line and PO B0 o0 ponien polien
S R o 4 - . binati . ins ai
AROREAMIEET 1 E CAH0FRO=RE (3 77O plant examined  FHUS, BEUE
x=236) ThsdI AR (Figl7—C) o &
’ AEI GSI) 3x 20 7 <1
foo FEMB L 7-fEPE . BB Bt T 1, xGE46(4%)
AdSI(2x) 20 12 1
Table 17. Plant regeneration from immaturc embryos xAsAd9(4dx) ~
produced by the cross, diploid X tetraploid ast 9% 10 9 7
No. of No. of AdSl 2x 10 96 58
Cross immature normal GE46 Ax 10 63 20
' embryos plants
cultured  regenerated AsAd9 4x 10 63 29
GS 1 (2x) X GE46(4x) 110 99 *About 200 pollen grains were observed in each
lant.
AdS1(2x) X AsAd9(4x) 100 22 P

(8) =Rtk RtEFA

SRR TSR E ORI AET L, £ ORI
& BEFERTS » 1o, ZEEOIEBRER &L
fERIC T » 72 (Table 18) o BFBgH — 3 vic
X BTEREOBIG . GS 1 (2x) XGE46 (4x)
BEUOAAS T (2x) XAsAd9 (4x) o#ladab
BT, ENEFNTU%, 2% TH -1, ThHDARIL
BE. ¥ o2 B 10 UNMEER B | 3FR LR Lish -
Too —H TAGALPURSADTEIRIIE, Sf5ELD b %
CDbomgtmsh, FHHFELED > o (Tablel8)
TR ERTIE R LS o s, R < b b -
v (. S 20T 2 7 F VEE) THEATTS &
BELI, ZEhoREOTEZ., “HEORRITEL .
B & 75 - 72 (Fig.18) o Table 19 i =fEkoRED

Fig.18. Comparison of fruit shape among diploid
(AdS1), triploid (AdS1 XAsAd9) and
tetraploid (AsAd9) plants.
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Table 19. Characteristics of fruits in various polyploids of melon.

Characteristics of fruits*

J
Line and Ploidy No. of No- of - og of
be? at' of plants ptt' > fruits No. of Range of No. of
combination plants pollinated sfe .1?’ cracked fruit Brix mature
ruits examined  value(%) seeds./ fruit*
G183 19 15 60.0 6 7.0-120 0
AT 1y B 20 19 21.1 15 80-152 0
Gsl 2x 10 10 0 0 116-15.0 224.4
AdSI 2x 10 10 0 10 10.0-13.4 2137
GE46 ix 10 10 80.0 2 11.4-132 16.0
AsAdY 4x 10 10 90.0 i 1.0 5.0

*Data were collected from fruits without cracking. Each plant was treated with Tomatotone solution
(component : p—chlorophenoxy acetic acid) after self-pollination.

%

BT R A & P & DS & - T
SNE (R 198T) 5, AEERT I, Rk & mfsh
20 v OERLHIC & DA GURF RSN -
Feo Utp L. JEMF b 34~ 18 DRELLHES G
FEonl, ThoDHEFALMIM SHHM FTRE
Myl B RS 5 & 4 20 0645 TF 15 HUMHERIC 8 L 72 o
GS1 (2x) XGE46 (4x%) BLUA4ST (2x)

Bz, #hEhBEDLL 68, 1T2MKkTH -1, 8
A (1959, 1960) (3 FIARFIRE T I & b e L 7= Pufs ik
Aoy ERREREO T HE o v ORMETV, Bond
BT2RELILECA, “HEEXUEHOMAADET
BREHD 0.22 fEllE, PUSE x A0S EbE
TIRBIEM 0 0.093 kD =EEEB, - T,
BRI &L 0 SRR T 2 FE O, RO
DA BHECHEANTERDTIRNTH L LEEZS
n3,
AERTHERL =5k o vid, BRLLET»S
Wy HL - HBEALLMEREET 5 itk > TIEEH
tro COEG, 2ERMZERTT Vv -5 —NITEELK
MR OB L7 50 BoRE A& EE R %
Licd T A, BfELIREEA2KED 44 %1227 5 22
kO =ZRENE ol (RFEER) o o T ZR5AME

HO 7 DI RER L% & U T % BRI
5 EDERET, ThEAEENICRHTE3b0L
EZoN B,

A CAE RO 5 0 AE TR B 2 R s P i
Ao v EEHT AEEAETEH S T ERRYEL 2H,
KEBOER» O, MEEECL > THH LA D YD
VAR S, EARZERERIC L 0 FAE LSk (8K
1958 ; Nugent and Roy 1992) 2 vk F i k
OYEH L2 Pafsth BT » S6H1 1990) Bk, =f%
EoEHicERhTchd 5 T EWIAM EE 5 12,

SRR o v, ERRRHESEL . BIHO A TIREEE
Lisdn - 78, i A EFEEIBE 21T 5 L i55E
Lo UL, ZORED SH LN FIIETRITE
FThotee H-Ty A o vtk 2REEBRRIT
HEFEWEIC L 2BRERTHEEEEAL LN S,

ZAEE A O v ORYIADEBIIVARE K 2 o KR L
TWizo —H. Pk 0 v ORETH > k BEHSFEF
ERDHRLPLTVEER, s st
Eaxnd, 88K (1958) . =& RED Brix fHiE
TRERIC AR TEOAREES B B LR T WB, L L,
FEBTEHE N =5k 2 v v O RE O Brix fH 0 #i
FIZ. A0z n UL TV, B> Ty ik
o VAR 256, AL Ao LT 0K
ERFHAEDEERFTHIE., Brix [HOEHWEE %




* o v ORKEREC B W THET 2 (AHIRRRER & 2 OF | HI B3 2 1158

AEEIT LD 1) MBS Lo SBEICHE L Y
D, HRERER o ve F VLB X o AL
PR L 7o Pufirtk LIRS . —ffh 4 o v OfFIic R ©

ZHAGOE LT LI DRI MFHNTE 5T LAY
BHL 72,

2 ZREEENALUCEREOER

FHEHG oGz icHVYeh B, —BicHl
53 (Yakuwa and Harada 1984 ; Kanda & 1988 :
Feher & 1989) ® —fifh & T3k & 2R T 5 2 &
(Wagen-voort and Lange 1975 : Ahloowalia 1982) I
EoTHONG, v YOG, EHOBERICLOAE
U foREYIARIC I3, SR S URHAN A S, BREURE
R asnish -t CGBIE) o $/o, PRERTA oY
D=fEEE A EEZR U, REFSOS TR
"Bohii i,
AEICIIAIEICIE L =5 A & TR ML, B
SN MBS ET 5 Lic k0 BEKIES
nicD THET %,

HEHB L UFE
(1) #x

BIERTHREAIS T (2x) X AsAd (4x) O
ERBFETAHLIDBONI A (3x=236) (L
BAARBEEES) ETRBEEHKEAIS T (2x=24)
AR,
(2) =THEC

WHSE T THIELTOWESSE A vy (RHEAA)
HEIC I DB L, CEKRKEA DS LIZETH S
BH Uice &FMAE A 7Ny ZIER L. RIEHY
PHERIEICIE VIR O F R TR L 7o RHEA A
(3x) XAdS1 (2%) OREZIT-TEHERSE. B
RET->TIHARD 2REUTHIE L,

8) HEFOmEEE

REL2. 3. 4. S HEBROREL IRARE (i
# AL O U T ERRD R -
THREMEL. Yab 3%, V34 F 04 %%ER
MUZ-M ST FICHERE L 72, | ¥ v — 12D

S0MF 2R L 7o, AR EPL SO L BT o—
i, KERENT L AERLLE RS Uk, BRI
FEL 7, 25°C, 16 Bl HE (FHEEDE. 3,0001x) F
THE L, LERMB O3 EE IR L,
HE U R A D L. M SEStc i L Thes
ST O VL[ S R e
@) GafoRA

FHAE L oA O 2 BRI L . il (BFIVEE2 — 3)
DOFETREEEBEL 1,

R
(1) =k E S Eo%sSE

ZHEE x AR TR, 29 OTYETE IcEg 21T
W, ERBIR 26 GERE 0 %) TH -1,
(2) RMRET OMEE

T & AR OSIENT & 0 ORI THRET
AETHEON S &I, BB LEME I 3R
PEESN D, T I TRERE LRRRICEELTT-
M OFROE GEERE) ORELLHETICE
WTHHFT I b0RBH LN T, UL, B
LER SRS 5 —HOBETF TRF WS O NIk
BOMBIBE S nhY o, BEEE#ET 2L, C
NoDMBEIREITKE IR, PHTHEELE N
T & MR O (Fig.19 —A) B8, B
PRAHRE 2 RERZ s S HLD LM S B b o ks o
e, —Hidya—PEERLEYECETREL
7z (Fig.19—B), £ Ofthid, RBERE LB IEER
L1 N AR A N AN

WRIRAEAR . R0 2 M 0 HEOTE T b 5 L
REOHFETR2TCORTFERBELLEGKELN
12 (Table 20), REDORBBEBERHICRINL & T 0
RO RIZ 0.6~ 17 %E R BEDRE B
BirksRehEREDONLDP o, LA L. R
BRENSOSMO ML L HF %2 HARGZEL TH O HEE
45 & MRMBOEREIZAEET L, 0.06% &
Boofo, BAEMYEE, REC2. 4. 5HB®ROR
K 3AHE T ERILL R U e BB S
IO HLTE#E L & 2B b, IR RE
FHRIFZ02~05%Tdh -0
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Fig.19. Embryo-like tissue (A) develped from a seed obtained by triploid x
diploid cross, and a plantlet (B) regenerated from the tissue.

Table 20. Plantlet regeneration from the seeds obtained in the cross, triploid x diploid®

Weeks after No. of No. of No. Of. No. of No. of

ollination fruits seeds embryo-like E/S regenerated lantlets
P S cultured organs (%) g prant

examined (S developed (E) plantlets(P) rooted
2 2 500 7 14 2 1
3 3 1,116 7 0.6 0 -
4 3 1,352 23 1.7 7 3
5 3 1,536 15 1.0 7 1
7<C 2 849 14 1.6 2 0
7< +dry* 4 1,792 1 0.06 0 -

*Rescue culture was applied to germination and development of immature seeds.
**Seeds collected from mature fruits were dried at room temperture before the culture.
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(3) AtikfEis

PO Rt OB EE R 3 Table 2l 0 L B
DTHoToe HELICIBEADY o~ OthT 5 K3
WU FBIBLAP S 3KDYa—-FiR, 1/ 2M
SEHNCHM AR 0B U e OB 4, —Hi sk riuc
BERIEL 72, MmO REEHEIZOR R, FHL
o 5 kT 4 ARG TE - f, Bk REEE
. ThEN 2 n=27, 35, 45 BLV 46 AT, B D
1fEHI, 2 n=48 OPURSAT S - 72 (Fig. 2000 <
DG, S T EKRORERIC LB S0l 14
(28 %) OREPSHO M UIFEF5, 363 25#
LT 4 BkoBZBEBERE . B k470 057

FEEOEBERE NI &2l 5,

Table 21. Chromosome number of root tip cells of
regenerated plantlets from seed produced
by the cross, triploid x diploid

Developmental No. of No. of plantlets
stage of fruit 1 O 10 Ch
(Weeks after ~ Piant) etz romosome number
pollination) T "o as s 4 4g
2 2 1
4 7 1 11
5 7 1

Fig.20. Chromosome of root tip cells of regenerated plantlets from seeds obained
by the triploid x diploid cross.
Bars: 5 um
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- -3

A% (Kanda ©1988) . 77 » )7 » (Feher &
1989) . 72/¢5 4 A (Yakuwa and Harada 1984)
15 EDIFYIT IR £ 0 BESOREEhT0 2,
VIBNcE# 3 A v Y O NEFEIR. AEMER. HER
B, 7o b 75 2 P EEERIC LD A LA 1,000 fE
ELL oMYA O R EHEEE T 128, Wi b
e E 2o P T EBE BRSNS - o (Ezura
51992a, b ; HILS 1992 ; Ezura and Oosawa 1993)
C&po, Ay TR &5 BRI IR
R EEZ b, £IT, AT, —fifkx o
vEIEEA o v ORI L0 BEEEAFRLES S L
folds BCRERED O 1, BE 0L THETENOH
AR ONED» o1, LpL, ZEEOFH OGS
&R =5k & TSROSO T A SR a1 -
ek A BETIBIVEBEIEGTEL, Y
BOEEIEBEN O & PRI W B =5 R
"onlnwicw in vitro BEEIC X R EFRICL - T
MR 50BN 5 LR EDWET NERBERENT
WHY, KN EORREBEERPRE T - et v v
TEHEEZER T LI > 1o, fFHLE kD
RVEABEITS & & IR AR RO T 52 &k,
20 VICB VT EZHUAZFIA U ozt o a sy
EICEBEEX 6N D,

AEITIR., BIEITEHLA=EEERHLTOA NS
REHAESEHTE S I EBHLME L5,

VI HHREAZEICL SERHEEEERD®EK

Ao V3R ERE G THATRE A 5 2
BEE F2 3o Ty A1 E OB R L TR
ENTW3, RBRIZBOTE/, Ty 2% 0
MBRENTOOA TS, ZOFMTIE2 A FHS5 3
A ey cEiseiisn, 6 A LmEdiic B
NTW5, EHEOLEFILS & TR D
ERAENET 2 0B B0, SEEEEMPEZHENT
W3, FTE, BHIHAETS 22 E L -
TED., BRiC k2 RERERKOREILEDEFRELSH
TW5, Aoy OEREEME. FIcEE T ToREER

HAERET A Lickb. IhoAEHEREEOREIIHR
ENBHEELOND, T, BRMEHORFL A v
BEHE NS & EEOKINCGESE L BaTbiEE
PRI EIR S 4 C LT, BHT OB O AR B
DEIMLIZ b KEZDEID 5,

AETR. FUMEOHEL O AMIEZERE R o HBH
EhEWEd o bHHERTH 5 ATHERL L AE
WEREE R R LT, EEHEE, RrcREPE R
IR AR U 8 T OB 27 e W
1 ERREMTEEKOELAE

IR R 5 H MR R R0k Ek T 55
B, U EL OfEEEEKRKICHVABENS D, Al
TR Fhip b HE R O BESTTON T E /A %
(Adkins & 1990), = & ¥, F 4 4 F (Wenzel and
Foroughi-Wehr 1990) X & D4 x BIEHL 51 X
(Stephens 5 1991) 1 E D~ A B T3, HAIHIRE M
120 OBMEEENE . el ENbah T
D, HEOBRKHHETEL OEkOBHRIEETTY &
BTEB, BlZEF, 4 % Tl 102 M7 0 O R E
e ET, AL ENLEh TS, Lol
AW TRELE LTWB % v FEIEEMX o v [ ZHATTHE,
PIZIE 10 a 2572 b O FRRRENE 600 BRI & D70 <
FLHEAEOEMTH B, TDRDA XREP < A
FHEMIDO & 5 2% { OffiEEEE L., BEETTS C
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Fig.21. Degree of low-temperature injury of F: Seedlings of cv. Andes in green house.
A: non (0), B: yellowing of lowest leaf (1), C: survive only the top of the
plants (2), D : death (3).
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(2) EHEEERE OB

Ao v EERTCEET 586, BRI KR
HEMHICENLEARY X7 v ICEEADITONI B
DOTHAM A FF » ERIEEICERBE. 2 EL L
Tk x EET 2 HEOMAEE T, B, BAH
hAF ¢ LHRBETECEE I W TVE X YO
FOER P TORYEIELE L, o v BRFER
TERAARF + BRF T BLITBMEEZREL.
EBRHERE S U,

BARAEF v LT FLE . ‘A% . No
8" MW, xwrdlLT ‘FYvrAro v |
TART ARG, chb ek
OFFEHNC X v E O NI BB RSBy & E X
LNTV 5, RO FH O LA, v e —
VIROIRK S BB FIcERE L, Y5 7 4
LTy =)V UANERE (15, 16, 17, 18°C) ofH{A#H
OhTRIsE, HEBIU 0 HBICEEL K
RO EFEL 1o, FX 20K OFETAHEL 12,

S
(1) EFOERFEIN & KRAEFEE OMFR
TYFA OHHIC - THLOWEETR, 15C
TRERELT, 17°CTIR211%, 19°CTIL68.7
% 21°CTI99.6 %2FEF Lz (Table 22), 17°CT
RIELIc s v—7 (LECT I V=T EHT %) 3.
ARFEIF V- (LECS I V=7 T 5) 1Kkt
NTEHEE O O RREEBREN KL - 72 (Tab
le 23) o IRIRFEFERE 0 0K CT 7/ v— 7D 21
8HTH-7DITH L, CSTINV=TTIRL9%E%F
DERBEETH » 7o, REEERE 1 oMk
V=T LB RERETH -0, EREERE?2 &
SOfEEIE, CTIZV=THCSrv—Fiexd LT 10
WREE D1 - 1o (RIRBEFHRE 3 otk iz FER

TVYFRT

Table 22. Effect of temperature on germination
rate of selfed seeds (cv. Andes)

Temperature No. of seeds % of seeds
C) treated germinated
15 270 0.0
17 365 21.1
19 310 68.7
21 232 99.6

Table 23. Low-temperature tolerance in two groups
of cv. Andes seedlings obtained from selfed
seeds with different germinabilities at
17°C.*

Freqency of seedlings injured (%)

Group of seedlings No. of
with different  seedlings
germinabilities®™  examined

Index of injury**

1 2 3

CT 78 218 269 269 244
) 82 49 243 366 34.2

*CT represents a group of seedlings which can
germinate at 17°C for 5 days after sowing ; CS,
not germinated under the same condition.

**0 : non injury, 1 : yellowing lower leave, 2 :
normal upper leave, 3 : mortality.

FTTIHIEL TWichi, BE 20Kk b£0%IZEA
EDHDMIEIEL T,

AEHRE 2P EL oMMBTHET 5L CT,
CSMiZnv—7oRIcHEREZRIRD LT, K
A EHHE 3L oWNE ofMicBEAR
B R R VWb D & Hlrs e (Table 24) o L L,
INBREQOERTHKTE2LCT IV~ T hYE T8
4678, CSTW=TD65208Thh, CTZv—
TIWCSTW=TICHRTHECREL >, 12
FONMELE TS ECT 7 V- 713 600 8 §ijtk &
1,100 gfigo 2 Do ¥~ BB SN, CS Fv—
TIXT00 B HIED 1 2D ¥ — 7 MBSt (Fig. 22)0

Table 24. Growth in two groups of seedlings
classified by germinability*

Seedlin No. of node Plant height
g increased increased (em)
group
n X n %
CT 42 6.6 41 13.9
Cs 41 6.3 a1 16.1

*Seedlings derived from selfed seeds of cv. ‘Amdes’.
Measurement was carried out 48 days after plant-
ing.

**CT represents a group of seedlings which can
germinate at 17°C for 5 days after sowing ; CS,
not germinated under the same condition.
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Fig.22. Distribution of fruit weight in two groups
of seedlings derived from selfed seeds (cv.
Andes). Measurement was carried out 50
days after pollination. CT represents a group
of seedlimgs which can germinate at 17 °C

for 5 days after sowing and CS not germinat-

ed under the same condition. “n” indicates

number of samples.

RROBETOEEREFIc>WTHBE, CTI V-
T OHGEIC & AZRAFEFORFFRIZ, 17°C. 5 HEO
&HTT, 212%THD, CSTV=TDENIZI9%
LT, CTO V=7 ORKREFOIEERIERESH
CS T V=T DRRETOZENICHANTHEICED» - 2
(Table 25) o
(2) bk BERE DM

RETOHES HE (Fig23—A) BLU10HE
(Fig.23 —B) ORIFRE» S, Atz 2 o v 3 FHE
ORI ZFTRIGET 2EEIR15CTH » 1o —A.

Table 25. Low-temperature germinability (at 17 °C,
after 5 days) of selfed seeds (F:) obtained
from each group (CT or CS) of cv. Andes
seedlimgs (F1).

Group* No. of seeds Gremination rate
treated** (%)
CT 670 21.2
CS 1229 9.9

*CT represents a group of seedlings which can
germinate at 17°C for 5 days after sowing ; CS,
not germinated under the same condition.

**A total of 670 seeds were derived from 15
fruits in CT group ; 1229 seeds from 30 fruits
in CS group.
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Fig.23. Low-temperature germinability of cvs,
Andes, Ams and Prince (melon) and
Cucubita strains used for stock (cv.
Shintosa, No.8 and Shirorootkiku).
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Table 26. Characteristics expected in melon plants
selected by low tempcrature germinability.

Growth at

Germination at Type
low temperature yP

low temperature

yes yes 1
yes no 2
no yes 3
no no 4

—F. BEFEFEEREERE OV ICF, —
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WERNBHEOEVEBRTH S LML M -
fo (BEIME) , Fh, Aoy CRREFREFMEEEE L
THEKT 5 LT, BIEAREND S RERR DA E
EEHRTE, ZoMELE L TERRMEN., o REp
KD RIF IS A DYRIIELR P RIETH 5 & L IR E
e (REH 1D .

KEITIR, v Y ORNEFERE L CREMERREE
Rz & 0 FA LU ko B0 S KRR Bh
DR EIT - o
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Fig.24. Selection process of somaclonal variants
with a germinability at low temperature.
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(KRR TS A 3k
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AW BSRIEFRL LB SNEH -7z (Table 27),

TYFER OAEHE (AbAd) BLXUOAER (EA)
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1

U918l i E—IRBEIRICH V., #hFn 4k GEEER

0.07%) BLU 10K GREE 1.2 %) BHEFL,

TYFR HROBEEMYIEORRET2E TR,
14799 KD 5 5 LAKBRF L, BEERZ0T%TH -
12o ‘TLHR OREH (AbAs) BLXURER (E
A's) HEROBEAMYIEO AT 2. ThEh 7,569

15 (199)
R X U 53T HE—ERICHV., ZhEFN 13K
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Foo —UGERRRTIZ, 28,105 KD 5 B 139 RIS L,
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AbAdHRBLIUVEA dRO—RERMEOKRIET
By FNENITARB XT3, TITH % IREKRICH O
ENENMRS GEIEE0%) BLU 113K GBHKES 4
%) BFEHF LI, ‘TYFR HRO—IGEEEEDK
RET2ETR, 4,001 K035 B 113 KBS L, ik
BI28%TH-70 AbAsREZBLUVEASRORKRE
Fid. TheEh 1,346 hik & O 761 Kk ERI AV,
FNEN 24K GEEE18%) BLU1TH GERE?.
2%) WHEF LIz, THR HRO—IREREEDR
REFRETRHVR 2,107 RO 5 B 41 KMBFEF L
BRI 1IN TH - 7o ZIRFERRATIZ, 6,198 %if
D55 IAKDPRF L. BHRIZ, 25%8TH - 1,

2 BEEHEOBERAEFEOBRE

ZIRERLI: 7TV FR BERO AT REORRET
BT A 15°C, 5 HEDORFRHII Fig2s —ADEB
DTH»leo FERERE & OREFRILER O/
FEHROHL: 7rFR OBTFHEHEELEDL -

Table 27. Process of selecting somaclonal variants with a low temperature-germinability

Stage of selection Cultivars used**

Method of mother

No. of seeds No. of seeds

plant regeneration®** treated germinated
1st Ad S 3,516 0
As S 2,964 0
Ist Ad Ab 5,618 4
As Ab 7,569 13
Ad E 9,181 110
As E 5,137 12
2nd Ad Ab 374 0
As Ab 1,346 24
Ad E 3,717 113
As E 761 17

*Selection was made using selfed seeds derived from clonal plants which were regenerated through
adventitious bud organogenesis on somatic embryogenesis.

**Ad : Andes, As: Ams,

***S : seedling, Ab : adventitious bud organogenesis, E : somatic embryogenesis.
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Fig.25 Low temperature-germinability of variants
selected from selfed progenies of clonal
plants propagated through tissue culture. A :
at 15 °C, after 5 after days, B: atl5 °C,
after 5 days subsequently at roomtemperature
for one day.

Fig.26. Germination of selected line No.45 at 15 °C for 5 days.
Right : No.45, Left : orginal cultivar Andes.
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Fig.27. Distribution of plant length and node
numbers in lines with a low temperature-
germinability. Vine length and node numbers
are represented as a value relative to the
standarized value (100) of cv. ‘Andes’. The
total of 47 lines used in the experiment are
selected from progenies of clonal plants
regenerated through tissue culture.
Mesurements are carried out on 10 February,
14 days of planting.
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Fig.28. Distribution of plant length and node numbers
in lines with a low temperature-germina-
bility. Vine length and node numbers are
represented as a value relative to the stand-
arized value (100) of cv. ‘Andes’. The total
of 47 lines used in the experiment are select-
ed from progenies of clonal plants regenerat-
ed through tissue culture.

Mesurements are carried out on 3 March,
35 days of planting.
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Fig.29. Fruit set earliness in lines with a low tem-
perature-germinability. The earliness is
represented as the deviation (in days) from
the fruit-setting day in cv. ‘Andes’. The
total of 46 lines used in the experiment are
selected from progenies of clonal plants

regenerated through tissue culture.
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Fig.30. Fruit-setting node level of lines with a
temperature-germinability. The node level
is represented as the deviation (in node
number) from the fruit-setting node of cv.
“Andes’. The total of 46 lines used in the
experiment are selected from the fruit-setting
node of cv. ‘Andes’.
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Fig.31. Distribution of fruit-setting node rates in
lines with a low temperature-germinability.
The total of 47 lines used in theexperiment
are selected from progenies of clonal plants
regenerated through tissue culture.
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Fig.32. Distribution of cracked fruit rates in lines
with a low temperature-germinability. The
total of 46 lines used in the experiment
are selected from progenies of clonal plants
regenerated through tissue culture. (A): at
early growth stage on 22 April, B): at middle
stage on 10 May, (©) : at late stage on 24
May.
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Fig.33. Distribution of fruit volume in lines with
a low temperature-germinability. The fruit
volumes are represented as a value relative
to the standarized value (100) of cv. " Andes’.
The total of 35, 34 and 31 lines used in the
experiment are selected from progenies of
clonal plants regenerated through tissue
culture. (A) : at early growth stage on 22
April, B):at middle stage on 10 May, © :
at late stage on 24 May.
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Fig.34. Melon plants with fruit-thickening growth at low temperature, which
are selected from progenies of plants regenerated through tissue
culture. A : plant grown in the green house, B : harvested fruits (left,

original line ; right, selected line), C: longitudinal section of the fruits
(left, original line; right, selected line).
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Fig.35. Relative growth rate of fruits in lines with a low temperature-germinability.
The growth rate are represented as a 10-fold value relative to that in cv. ‘Andes’.
The total of 35, 34 and 31 lines used in A, B and C are selected from progenies of
clonal plants regenerated through tissue culture. (&) : at early growth stage on 22
April, B): at middle stage on 10 May, (O : at late stage on 24 May.
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Fig.36. Relationship between the germination rates
and the relative length of vines (A) and node
numbers (B) in lines with a low temperature-
germinability. The germination treat-ments
are carried out at 15 °C for 5 days and
then at room temperature for one day. The
total of 47 lines used in the experiment are
selected from progenies of clonal plants
regenerated through tissue culture. Mesure-
ments are carried out on 10 February, 14
days of planting.
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Fig.37. Relationship between the germination rates
and the relative length of vines (A} and node
numbers (B) in lines with a low temperature-
germinability. The germination treatments
are carried out at 15°C for 5 days and then
at room temperature for one day. The
total of 47 lines used in the experiment are
selected from progenies of clonal plants
regenerated through tissue culture. Mesure-
ments are carried out on 3 March, 35 days
of planting.
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Fig.38. Relationship between the germination rates

and the relative volume of fruits in lines

with a low temperature-germinability.
The germination treatments are carried out
at 15 °C for 5 days and then at room tem-
perature for one day. The total of 35, 34

and 31 lines used in A, B and C are selected
from progenies of clonal plants regenerated
through tissue culture. (A) : at early growth
stage on 22 April, B) : at middle stage on

10 May, © : at late stage on 24 May.
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Fig.39. Relationship between the germination rates
and the relative growth rate of fruits in lines
with a low temperature-germinability,
The germination treatments are carried out
at 15 °C for 5 days and then at room tem-
perature for one day. The total of 35, 34
and 31 lines used in A, B and C are selected
from progenies of clonal plants regenerated
through tissue culture. (A) : at early growth
stage on 22 April, B): at middle stage on
10 May, © : at late stage on 24 May.
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Fig.40. Schematic representation of selection for low temperature germinating variants in

melon.
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Studies on Somaclonal Variations in Tissue Culture of Melon
(Cucumis melo L.) and its Utilization

Hiroshi EZURA

Plant Biotechnology Institute,
Ibaraki Agricultural Center,
Iwama, Nishi-ibaraki, Ibaraki, 319-02 Japan

Plant regeneration from adventitious
buds, somatic embryos, shoot primordia and
axillary buds is possible in melon (Cucumis
melo 1..). In order to apply these culture system
for the improvement of melon, it is important to
determine the frequency with such somaclonal
variation occurs following regeneration from
each of the above tissues.

In this thesis, I investigated the following
1) differences in frequency of somaclonal

variation in plants regenerated from the
different tissue culture systems mentioned
above, using polyploidy as an indicator, and 2)
a cytological analysis of the appearance of these
polyploids.  Further, 1 investigated the
~ usefulness of these tissue culture systems for
improving melon by doing following
experiments 1) production of triploids and
aneuploids in crosses using the tetraploid
obtained from the tissue culture systems and 2)
selection of somaclonal variants with an
improved fruit thickening ability at low
temperature, one of the most important
characteristics in the cultivation of melon in the
field.

Somaclonal variants can be altered in
various characteristics including morphological,
developmental, ecological and physiological
traits. However, it is impossible to check all of
these traits in measure of the frequency of
somaclonal variation. Therefore, measurement
of the frequency of somaclonal variation
requires an indicator which is easy to observe.
In preliminary experiments with plants

regenerated from somatic embryos, it was clear
that polyploid plants, especially tetraploids,
appear at high frequency. Accordingly, the
frequency of appearance of polyploids amongst
plants regenerated from the four different
culture systems (adventitious bud
organogenesis, somatic embryogenesis, shoot
primordia formation and axillary branches), was
compared using three different cultivars, Prince,
Andes and Amus as explant source. Tetraploids
were observed in the regenerated plants of all
cultivars, other class of polyploid and aneuploid
were not observed. The frequency of tetraploidy
was higher in plants regenerated from
adventitious buds and somatic embryos, at 31%
and 30%, respectively. The frequency of
tetraploidy in plants regenerated from shoot
primordia was 4%. No tetraploids were
observed in plants regenerated from axillary
buds. Thus, it was considered that adventitious
organogenesis and somatic embryogenesis are
apt to induce somaclonal variation in the form of
polyploids when used for plant regeneration.
These methods provide efficient methods for the
production of polyploids.

In plants regenerated from adventitious
buds and somatic embryos, tetraploidy was
observed at high frequency. In order to apply
these systems to the improvement of melon it is
important to understand how this tetraploidy
arise. This was investigated as follows. Firstly,
in experiments, in which diploid plants were
used as the source of explants changes in the
ploidy of cells was observed at an early stage in




the culture. Secondly, in experiments using
tetraploids as the source of the explants, the
ploidy of regenerated plants was determined.

The ploidy of callus cells was determined
after 5, 7 and 14 days of culture of diploid
explants, and showed that polyploidization
progressed rapidly during early stages of
culture. A few percent of aneuploid cells were
observed. However, the regenerated plants
were diploid, tetraploid or mixoploid of diploid
and tetraploid cells, suggesting that plants
regenerated  selectively from diploid and
tetraploid cells in melon. On observation of the
chromosomes of the cells of callus tissue,
somatic embryos and regenerated plants, a
variety of polyploid and aneuploid cells was
observed 1n the callus tissue. However, cells of
somatic embryos were uniformly diploid,
tetraploid or octoploid, whilst regenerated plants
were diploid or tetraploid. These observations
suggest that somatic embryos differentiate
selectively  from diploid, tetraploid and
octoploid cells and that regenerated plants
differentiate preferentially from diploid and
tetraploid embryos. Regenerated plants obtained
via adventitious organogenesis and somatic
embryogenesis in which tetraploid melon was
used as the source of explant were all tetraploid.
These results suggest that tetraploids appear at
high frequency during melon tissue culture due
to the following processes. 1) Polyploidization
progresses rapidly during culture. 2) Diploid,
tetraploid and octoploid adventitious buds and
somatic embryos differentiate selectively from
the cell in the culture. 3) Plants regenerate
preferentially from diploid and tetraploid
adventitious buds and somatic embryos.

Melon plants regenerated through tissue
culture were diploid, tetraploid and mixoploid
of diploid and tetraploid cells. Other classes of
polyploid and aneuploid might be useful for the
improvement and genetic analysis of melon.
Thus, production of triploids and aneuploids
was attempted, using the tetraploids generated
via tissue culture. Firstly, diploids and
tetraploids were crossed reciprocally. In diploid
X tetraploid crosses, abnormal embryos, with

incompletely developed cotyledons, were
obtained. These embryos were germinated in
vitro on MS medium. All of the plants obtained
were triploid. The number of triploids obtained
per fruit was 6.8-17.2, a frequency higher than
that of conventional methods for obtaining
triploids. In tetraploid x diploid crosses, no
embryos were obtained. Secondly, diploids and
the triploids were crossed reciprocally. In
triploid x diploid crosses, immature seeds were
obtained. When these were cultured in vifro on
MS medium, embryo-like organs appeared from
inside of the seed. Regenerated plants were
obtained by subculturing these embryo-like
organs on MS medium. Chromosome number
determination revealed that four out of five
regenerated plants were aneuploid and the
chromosome numbers were 2n=27, 35, 45 and
46, respectively. It was concluded that triploid
and aneuploid plants can be obtained by
incorporating embryo culture techniques into
conventional crossing programs.

Finally, I attempted to select somaclonal
variants displaying an improved fruit thickening
ability at low temperature, from progenies of
plants regenerated from culture of adventitious
buds and somatic embryos. Accordingly, I
carried out following experiments: development
of methods for selection for improved fruit
thickening ability at low temperature, selection
of variants with these methods, and estimation
of the field performance of the selected variants.

In melon, it is necessary to develop an
efficient method for selecting variants with
improved fruit thickening ability because
cultivation is troublesome and it is difficult to
cultivate a lot of plants. It is possible to select
variants effectively from a large population if an
early stage of growth characteristic is used as an
indicator. Accordingly, I attempted to develop a
selection method which used a germinability as
the indicator. Seeds from selfed-progenies of
the cultivar Andes were divided into two groups

with germinability at 17°C for 5 days, CT
group, 20% of the population, which could
germinate, and CS group, 80% of the




population, which could not. These two groups
were cultivated at low temperature and
thickening ability of the fruit was compared.
The CT group contained two types of plants,
one which set a larger fruit and the other a
smaller one. In contrast, CS group plants set a
smaller fruit. Therefore, it was concluded that it
is possible to eliminate plants which have
poorer fruit thickening ability by using low
temperature germinability as an indicator. [t was
decided to do the selection at 15 °C for 5 days
because under such conditions the melon
cultivar used in this experiment could not
germinate.

Somaclonal variants with low temperature
germinability were selected from self-pollination
progenies of plants regenerated (Rp) from
adventitious buds or somatic embryos. When
28,105 seeds (R;) obtained from self
pollination of regenerated plants of cutivars
Andes and Ams were sown at 15°C for 5 days,
0.5% of the seeds germinated. Subsequently,
when 6,198 seeds (Rp) obtained from self-
pollination of the selected plants were sown at

14°C for 7 days, 2.5% of the seeds germinated.
When the seeds (R3) of 47 lines selected from
progenies of regenerated plants of cultivar

Andes were sown at 15°C for 5 days, the
germination percent of 37 of these lines was
higher than that of cultivar Andes.
Subsequently, when they were left at room
temperature, the germination percent of 45 of
the lines became higher than that of cultivar
Andes. These results indicated that the selection
was effective for selecting variants with a low
temperature germinability in melon. It was also
supposed that the low temperature germinability
was controlled by more than two gene loci
because the germination percent of the selected
lines was different from 10% to 100%.
Forty-seven of the lines selected from the
progenies of regenerated plants of cultivar
Andes were grown in the field in low
temperature conditions. Fruits harvesting was
possible in 31 of the 47 lines, the remaining

lines had poor fruit set due to a low frequency
of female flowers or were not harvested because
many of the fruits cracked before harvesting.
The fruits of 15 of the 31 lines were lager than
those of cultivar Andes. Comparisons of the
growth rate of fruits at the early, middle and
last stages of fruit development showed that the
frequency of lines displaying a greater fruit
growth rate than that of cultivar Andes was
43%, 65% and 19%, respectively, suggesting
that lines displaying a greater fruit thickening
ability at the middle stage were selected
preferentially by this selection method. These
results demonstrate that efficient selection of
somaclonal variants displaying improved fruit
thickening ability is possible using low
temperature germinability as an indicator.

This thesis highlights the following
problems. 1) It is necessary to develop a
method for controlling polyploidization before
applying tissue culture systems to the
improvement of melon. 2) Efficient methods for
producing haploids has been established in
melon. It should be possible to produce
dihaploids by incorporating adventitious
organogenesis and somatic embryogenesis into
the method. 3) It should be possible to select
somaclonal variants which have useful
characteristics such as resistance to pathogens,
qualities and ecological traits. 4) Difference of
low temperature germinability between selected
variants and the original plants is very clear. It
should be possible to understand a basic
mechanism for low temperature germinability
by comparing them physiologically. 5) It will be
necessary to carry out a genetic analysis of low
temperature germinability and low temperature
fruit thickening ability if the selected variants are
to be applied in melon improvement.
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