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Summary

Ovules were excised from unpollinated papaya ovaries before flowering and imbedded on the
culture media containing cytokinin, auxin, and gibberellins. Adventitious embryos were induced only
in the culture media with mixed gibberellins and GAs in the dark. No embryo was initiated with
cytokinin and auxin, whereas the gibberellin mixture(GAs >80%, GA, +GA, = 10%, minute amount of
GA;+GA;), GAz, and GA4 individually promoted induction, but GA;, GA;, and GA; were
ineffective.

The adventitious embryos were directly induced from the ovules. However, there were many
abnormal embryos with malformed cotyledons. The induced embryos were transferred onto a hormone
-free MS medium to regenerate plantlets. Plantlets, derived from embryos with gibberellin mixture,
GAg, and GA,, and their respective percentages were 18.6, 26.4, and 26.9. The total number of
surviving plants after acclimatization was only 44 (7.2%). All acclimated plants were diploid (2n=18),
whereas some of the adventitious embryos were heteroploid and tetraploid (4n=36).

RAPD analyses of the regenerated plants using primer RA-1 and RA-47 showed that several had
differing banding patterns from those of their parents. Therefore, it is suggested that some of the
regenerated plants were induced from haploidic reproductive cells.
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MEsLUHE
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AEEFBCH BRI, v a¥E3%ERML -
Murashige and Skoog (MS) D & A KMz, H4 FH 1 =
» & U T Benzyladenine (BA), Kinetin, Zeatin, 2-
isopentenyladenin (2iP) % 1 mg- liter™, +—%3 > & L
T Naphthylacetic acid (NAA), Indoleacetic acid (IAA),
Indolebutyric acid (IBA), 2, 4-dichlorophenoxyacetic
acid (2, 4-D) % 2mg-liter™!, Y XL Y LiEEH (GA,
80% Ll 1., GA,+GA, # 10%, GA,+GA, #& ) &
GA; % 1mg-liter ' OBETINA . Fh, ¥4 bAA
—vEF-F L OEAKE LT BAO2mg: liter ! &
NAA, 2, 4-D, IBAozh=zh 2mg-liter ' A4+
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ik, 27°CoORELZHTTSHAMEELT, K
EFEOFEATEDL DI
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Table 1. Effect of hormones and lighting conditions on
adventitious embryos derived from ovules
excised from unpollinated papaya ovaries

and grown in vitro.

concn. No. of adventitious embryos

Hormones

(mg-liter')  Light Dark

BA 1 0 0
Kinetin 1 0 0
Zeatin 1 0 0
2ip 1 0 0
GA - mixture 1 0 7" 1129Y (5.4)"
GA, 1 0 9/266 (3.4)
NAA 2 ov ov
IAA 2 0 0
IBA 2 0 0
24-D 2 ov o
BA+ 0.2

NAA 2 ov o
BA+ 0.2

2,4-D 2 o oY
BA+ 0.2

IBA 2 0 0
0 0 0

The unpollinated ovules were cultured on MS medium at 27°C

for 90 days.

* Adventitious embryos formed.

Y Enlarged ovules after culturing.

X Values in the parenthesis are the percentage of enlarged
ovules.

¥ Callus formation.

FEXNIN, COANREFRIVEY T Y —O MSEE
LY NAA (0.1 mg- liter” ") 7RO MSHHUCBHE L TH
REEOERIIAD Shiih -7, £7, BA, Kinetin,
Zeatin, 2iP%ELEHITIY, HEOPITIT LA L ORH
THREDIEALERD S hicd, #9114 HB%ICT X TOREEK
HBEL, TOBROERIRE SN, -7

WIZ 6D RV Y VAR U MSEH T, R3ZHEIE
GABERNETTRETSE, YXLVY ViEREY, GAs,
GA, I TREROTER AR ol (B 2R). A
R I3 GAs (2 mg- liter ') Dsf b @ <, LUF GA4(2
mg-liter '), Y XV Y ViEAH (1 mg- liter ) D JEICE
hotz. —F, GA,, GA;, GA,ZIIEHTEAERD
ERBRshEd - 1.

K& X 3~4mmF THREULILAERERINVEL T Y —
O MSEHh iR L, MYhEEERA (B3XK) £
DR, YRV Y VIREML D b, GA3 LU GA, TH
U RERO G EOEFEERIIE L, BEIRETH
51, GAg THE LA RER, S BRI IER S HEY)
EHRBRTRE LN, IRNVY VEAEWTRIES,
GA, THEIED - 7o H§iC GA, THE L W AERD 5
FRELEOMMIESSHE U (B 11X, E). HFoh
AR TR ICBE UIBLERS . £ 0K

2 UKRLY ViEAY, GAs;, GA, THEZLIAERED
St U7 A DO NLERIE, GAs, GA, 13IZIFFHET
5) Sty xXVY ‘/’iﬁ%%ﬂi%ﬂcﬁ 01&73‘0 7. g%ﬁ
KU O REN R w AR, RIEOBETT N
THIELE. UL, ZEIFRICHED S TROFEE
LU= BaEfmETiE, O BRE THIICEEDRED
Aoh, TORBEEEEKEZIEBECEETZIOLR
Shiz. -0k ks GA, THE S NI AEREE
DOREMIEI S Roni. RERED SIMEMLE TOAEER
13, GA;, GA, AV HEIERARTHL, YNV
VIBSHOH 25T H » 1o L L HEiRid gk BT L,
BENTERLL (B1K, F).

#3mmzE THE LEAERE, LU HAmEy RO
Mok 288 L (B 2K). e 23 @EkON,
17 (@& K (B 2K, A), TE&KITUEE (56 21K
B), 3EfkiT Bk (Jetaiksi =23, 33, 34)T, &Y 2ME
KICOWTHRERTE N M- 1o, F1o, BAMEWE 164H
iz T 2K (B 2R, O)Th-1e. FERBLY
BEBPEOOTHICEOT b FEEKIEHERTE G -
A

A4 A D RAPD it O#ER 25 3R L. f#f
RS54 < —ic kB PCREMICH VT, Hik (Lane 1) &
B (Lane 2~ B XV T A v+ —1 (Lane 10) &
Oz EHoLBE Y KRR onk. LhL, RA-1%
{#/ L7 PCREMICH LT, 270bp Tid Lane 11213 &
%7 Lane 2 & Lane 10 TR&E L7c/Y o K, 150bp T
Lane 2, 3, 4, 5& Lane 10 T/R&F Lo\ v KinfER S 1
7. £72, RA-47i12% 1> Tid 280bp T Lane 2D AIZK
ELEANV EBEH O

£ B

INET, REEHED SOFRERFZIIL, A ¥
v Tl BRI R & 7 7 = » (Button - Bornman, 1971),
44 L¥ T2 2, 4-D (San Noeum, 1976), I LF T
NAA & Kinetin Dl # & b2 ORMBAFENTH Y
(Zhu-Wu, 1979), =k v HKF + BLF=FTEIRILVE
V7 ) — Rl g B & & & 0 (Soo- Fujieda, 1988;
Kojima - Kawaguchi, 1989), #H#E O ARyt 3EHE
Lk TRIE T,

$%%K5hT,NN47X§%%%#6®Kﬁ%§
13, BEHEGALVELDI D, YNV L ORMOD
AOEMTH B EHRE N, Fh, #HEALLURY
Y DS BT GAy DFIEIZRDE DI ENHSNIE
- 7.

FERFEE B FEIRLVY VOB OVT,
Kochba & (1978) i I # » JRERHIR 77 )V 20> 6 DAE
Fmiz ABAIZ L 0iE# X h, GAz ik VlFEIND L
HELTHS. Lal, a+35, K54 Y2 0RHRA
VAT GAy IAEEFELIRET 5 2 LRI TH
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Fig 1. Photographs of adventitious embryos and regenerated plants.from ovules excised from unpollinated

ovaries of papaya and cultured in vitro (Bar = 1mm).
A: Adventitious embryo.
B: Adventitious embryo generated from cultured ovules.
C: Aggregated adventitious embryos produced from one embryo.
D: Embryo with normal and abnormal morphologies.
a: Embryo with normal morphology.
b~d: Embryo with abnormal morphology.
E: Plantlet formation.
a: Normally developed shoot and roots.
b: Abnormally developed shoot.
c and d: Abnormally developed shoot and roots.
F: Acclimated plants in pots.
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Table 2. Effect of gibberellins on adventitious embryo formation from ovules

excised from unpollinated papaya ovaries and cultured in vitro.

199

Gibberellin conen. (mg - liter ) No. of No. of ovules % of ovules
grown ovules” forming embryos  forming embryos’
GA - mixed 0.1 220 1 0.5*
0.5 346 18 5.2*
1.0 143 9 6.3*
2.0 124 3 2.4*
5.0 436 3 0.7*
GA, 0.1 281 0 0
0.5 311 0 0
1.0 235 0 0
2.0 196 0 0
5.0 328 0 0
GA; 0.1 481 5 1.0*
0.5 245 4 1.6*
1.0 181 4 2.2%
2.0 342 47 13.7*
5.0 254 9 3.5%
GA, 0.1 326 0 0
0.5 382 21 5.5%
1.0 357 10 2.8*
2.0 151 18 11.9*
5.0 297 0 0
GA. 0.1 183 0 0
0.5 327 0 0
1.0 282 0 0
2.0 322 0 0
5.0 246 0 0
GA, 0.1 195 0 0
0.5 266 0 0
1.0 389 0 0
2.0 405 0 0
5.0 186 0 0

Ovules from unpollinated ovaries were excised and cultured in vitro.
? The enlarged ovules were measured after three months cultivation.
Y Significant difference at p = 0.05 (*) by x>~ test.

Table 3. Regeneration of plantlet from adventitious embryos derived from ovules of
unpollinated ovaries of papaya and cultured in vitro.

GA used for No. of embryos No. of plants No. of No. of plants % of plants

embryo induction  cultured regenerated normal acclimatized survived
plantlets

GA - mixed 221 41 (18.6)° 16 (39) 10 (24.4)" 45

GAj 159 42 (26.4) 32 (76) 14 (33.3) 8.8

GA, 227 61 (26.9) 7(11) 20 (32.8) 8.8

% Values in the parenthesis show the percentage of cultured embryos.
V¥ Values in the parenthesis show the percentage of regenerated plants.

% (W - =A, 1994), £, /3 TORBERO AV
205 DARERFEICE T b GAy BRAEOHRE D
ZEMFHSNT S (Chen 5, 1987). FEBROBER%E
LbRTERLDE, VRV V30 THEN SOR
ERFE RN @B 2FEON, YRV Y v ORI
$v, ZOFHBICKEHELIDEbDEA LN

CHhETHRERIZ, TLF, s aTREWTT, &
FLE, A%, H—-R5TIRYPLBFEROMEHT TH
BxnTHh Y (Yang- Zhou, 1982), il &k » TRERKE
RO &M R > T 5. Fitch- Manshardt (1990) i&
7084 T RBFED & ORERFE A BERIERETIT - 1243,
FRBICE VT HEELZH T TOARERDEE S
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Fig. 2. Photomicrographs of chromosomes from adventitious embryos and regenerated plantlets derived from

ovules excised from unpollinated ovaries of papaya and cultured in viro.
A: Adventitious embryo (2n=18).
B: Adventitious embryo (4n=36).
C: Regenerated plant (2n=18).
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Fig.3. Gel plates showing banding patterns of RAPD
analysis with the primer RA- 1(A) and RA-47(B).
Lane 1: Parental strain., Lane 2~9: Regenerated Plants.,
Lane 10: Waimanalo., Lane M: Hae III digested ¢ X174,

TEDS, 2N, THEED O ORNERFEIT IR BEL&Mt
DELTHWBEEZ N

—HRICEB I NI RNERL D S OHEW KRB L RS2 5
EHEL, 2R UARF PIBOTH, “KRERSETF
BEOURERRENLFEI N, HEMEDEKOEEER
FHRD TR &AL & h T 3 (Soo- Fujieda,
1988). AFEBTHZOEERENLR SH, TNEEH S D
EREEL B ED - 7o, RERD © OREWIKREL K
HAFKE LTINS (191) 1, TEROTEEEN H 5 0
BHEHENETOLZRE, KEOHEELH T T3,
AEBRTRABELACAEROL L, FHEEHEYED

TRUDMEETH D, RIFBRHEKEF O hb
STHHEAERMT I L3k uh -7, —F, AvF
YORLERIIBO T, EHD S BT S
NAEMENERET 20, BonilEoizEA s
TERTH S EPWEIN TS (BE, 1990). =
DEIEME, B D S IR R % TR 2 BRI o Bt
TRIAGMEL ENFERO—DEEZ SN 5 LB ES
N T % (Hidaka- Omura, 1989). ¥ 72, &b ORI
faTiRBk e BRI T 55, BMLiz (L
RO B O TREIRWICITON B Z EpEI AT
% (Krikorian &, 1983; Mok &, 1976).

BARYAEO RAPD HTICBE T, BkE 2R 5
YT 4 vIRy = s ERTER bR N. Thoo
RN, HEWEMAEOS ) 2 5 7 DNADE:EFR—Tn
W EERKT S, MR U BEEYEOEE Y
FRUEAD OO D o722 S, RAPDEEINERC
LB5bDERZBZIC L. ThoDRERE, VUS4 T%
ZIERERET R T8 S W - BEMEYIR O — I L E 0 4
FEHERTH LI EE2RBL TS, ZOHIZDNT
3, SREEMEYEORBEBOSEEC Mo B ER s o8
BELERAN, IOIKRHTILELDH 3.

'

BATERT O F B A o Bk A il LBEOY A b A=,
A—=Fr, UNVY VEGOEMTIEE AT 1R,
UNL Y VIEAY (GA380% L. L, GA,+GA, ¥ 10%,
GA; + GA; ME ) L U GA; £ 5T 0 B B ESE T
ERFENED O, YA MM v BLUF—F
YEGUEHTRAERFEIR ohnudr -7, £, &
OOV v A2 GO TRIEHK S EERSEET 3
L, IRV ViREY, GA;, GA, TAEREENR S
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hi7%, GA,, GAs, GA; St TRAERFAEIL
oot
RELRZEHL S EHEFEIL, FRETFELODILE
EHRLEECADohk. FEINWAEREFIVE S
7 U —O MSESHIICER UHABREERA R O
LY VIR THRELLARERED S 18.6%, GAz B LU
GA, THE LA EE, ST EN 26.4%, 26.9% &
FIIERCHEMEABE SN, BRULESEREON, IE
L% TE - K IZLNE X O 45T 448k (7.2%)
THoto. FELUIL—HORERTIEULEK (4n=36) &
JOREE BRI NN, EL L BEEDERIZ T~
TRk 20=18)TH » 2. 7, HhHEMED RAPD
S AEFT - 18R, 7514 <— RA-1, RA-47T5H ik
A, BWERREARNUT 4 vy — v Ek R
bR, - T, BEEYERO—EII, FEMHD
HFEHRRETH 3 BRI

HOH AMEOEMIZHID, HRERML TORL
W B ERRSZ B OREHENKICHES L E
7.
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