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Development of Model Systems for Producing Artificial Seeds in

Monocotyledonous crops
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AEAEE 38 JANRe 2B FHo| JeBE HolHXE A UstA
L} T2 Agale] SAEAE AHEo ojdAAA AR AL 71 2AE
S A2y 4 orl. olF AEE JE &F2 PAE Wold F gon
71E 530 AW AE FF Nl £8HE A} I 223 d¥e
Y713 og AL 4 Qlr)

3, 943 HALS BAY 2L NI BERH, 2] oY
33 HHE YAl ¥ HAE St AFAE t¥iAEs AsLlxtdA F
2 Alo] F= WA RoldE& AYE 4 U= AMEuPUYAE (somatic
embryogenesis)& ©|-&3 U-FF A} 7fido] HAUS| a7¥ct UAFEFxIRE
TR | ohd dul MAMRET} JUolM BHF2EA L] x}Fef o3 47
Gaz 2 FEE AXRA HLH vli(somatic embryo)E HIL] 39
Mo W& Ao n|22] Plant Genetics, Inc, 7} ©] Hofe] ME2ag
A Qlrh ol&2 ez U] AMEE YA Pgol Pol ALE
stal gl olo tiyt HHE 1986 ol HER]E vl 2ch 2L} Plant
Genetics, Inc.2] QT ZEx}= 433 (hydrated type)o|BE o|& A A3}A
L S22 THRZ|7E oY A= AJEEUNY AEL HFE A Rojux]
X3tz Aol Urh o3t AAE RUS] ¢33 I B dIAANE=
B AAMXHE thY 2T 3P AZXYH (dry type) 28 WAHAA R

o} glch.
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1. X328 AF3FA BAt 2d A48 g

1) el o] NAMEERE 3y AFFAE AR F LG 24x
o] At ARELEE7} 0.1-0.15 g2l clean benchollA] AR3le] AR
& 70% o] A 22%2] gol& & Adch

2) P 2] FERMYGHEE 1 uM NC-3112 A 2|5l NC-3113} HolH
o % 21-8&3}= gene products® &%= (32 kDa, pH 5.1), (35 kDa,
pH 6.8), (40 kDa, pH 7.3)52] 3702 polypeptide F7}2} 2719
polypeptide(52 kDa, pH 5.3), (27.5 kDa, pH 6.3)2] %¥zt4 7}
LIElSiTE.

3) elguie] WiERE ALY ABATHRI) HE Yo we REZ
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I. Title
Development of Model Systems for Producing Artificial Seeds in

Monocotyledonous Crops.

II1. Objectives and Needs of the Projects

It is possible to improve the quality of crops by selecting
variants in the cell level and by transferring valuable genes from
other organisms to plant cells due to their regenerating capability
into whole plants. These novel approaches may allow us to overcome the

limit of the conventional breeding and to save time and labor
previously required.

On the other hand, when new crops are developed by the approaches,
it is necessary to propagate them vegetatively in order to prevent the
change of the phenotypes by cross-pollination: the most idealistic way

is to develop artificial seeds of the crops for the farmers’

convenience, Artificial seeds are produced by encapsulating somatic
embryos with natural hydrogel. Plant Genetics, Inc. in the United
States is known as the pioneer of this field in the world, They have
produced artificial seeds of celery and alfalfa by using sodium
alginate as capsule materials for somatic embryos and have got a
patent for the production of artificial seeds. However, hydrated
artificial seeds are too soft to keep and handle freely. These
difficulties in handling and preservation compelled hydrated

artificial seeds to be restained in the test tube.
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In order to solve these problems described previously, we have
recently established more advanced type of artificial seeds, dry type,

which filled up the faults of hydrated type in carrot.

If the artificial seed system already developed in dicots is also
able to apply to monocot such as maize, rice, barely, wheat, garlic

etc,, it will dramatically reduce the cost needed to prﬁduce F1 hybrid

seeds.

Therefore, the project has aimed to enhance the national level of
the technology related to the approaches by introducing the advanced
technique from abroad and to develop model systems for improving the

quality of food crops and producing desiccated artificial seeds in

monocotyledonous crops.

III. Contents and Scope of the Project

In the third year (1992), the project included :

1) Wet type artificial seeds fo Taebaegbyeo subjected to dehyration to

80% water loss on the clean bench(24% R.H. : dehydration rate

0.1-0.15 g (water)/h ) were capable of germination at a frequency
of 20%.

2) Cell suspension cultures of Taebaegbyeo were treated with 1 nM
NC-311(herbicide)., When compared with the control, the amount of
polypeptides including 32, 35, and 40 kDa incleased, whereas that
of 52 and 27.5 kDa decreased.

3) Among the Rl progeny of the above, there were a great degree of
variation in traits including nthe earing season, the length of
nodes which occurred at a considerable frequency, and the sterility

at a high frequency.
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4) A high frequency regeneration system through somatic embryogenesis
from zygotic embryo-derived callus of Fl1 hybrid maizes(cv, Ivory ’N
gold and Mexico QPM) is established. Typical somatic embryos with
distinct scutellum, coleoptile, and coleorhiza were developed from
maizes embryogenic callus.

5) High frequency plant regeneration from suspension cultures of

Japonica x indica ricé(Oryza sativa L. cv. Taebaegbyeo) were

established.
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B STFEPSo] F3F UHS o|F3A 8 A2 AHE3t= @&l
Hifol o] Mol B2 £FRE 7HX3 JoEE RERY 5
pro]l &olsith= A uioltt. BEMY I Mk U HMERENA o
3 3Eolvt —BEBoERY AHAE RI1Y ¥, Ml §2 FEHRE
2 T3t BAITH BMAEHKER 3l ALRE UE T+ %o o=
e 4yl Sy RERS ALHE HUS YWyl REREYS HEY
RERY IS A=Y 4 bl olF MR ko)) ¥ch

EYpfRs |HANZL BAgENo] ULER MigMAol 2 HMME
¥ BitolLt AMREMWES Mol o|HA A AMELR F& V&3 7I=ol
s Q. olg¥t AR JE JF TAE Wold + den J|E
|Fol 2%t fEfpe] MmEH R £ 05 AW 3T 2l A¥H S ¥
AoT ©rHAFY 4 ot o4 ¥ Petri dishollA HRYE 4 Q= M
ol = T oA A& + U= wPiEe g0l Ist=d, MR x|
Aoz EXAY ARHNSE 7|8 BRMRKRE 5 Uile= BES 71X
AR FAEH 5 JEF ujA]FE /LSt ol MIRES 8d AAE )
Bt 53 A 71 AN RES HYE 4

THHE, o FAZ 7KK 71EY ol ASA HEd S X
of 23 BEMLE WXst ¥¢ HAE st fFwel tisiNE KRWES
oA MTRMol F+= REY Lold&E MY + UEHF BAKRERLE
(somatic embryogenesis)& ©|-&¥ ATLE T 7iio] W Q3jct.

wiRREgLEolRt £t oid —BEMARTIT T=EL] x[Fol 2o
TR EIR 2 HEE AX BT B EHe 834E Uit 29
AE AEoAe o] 8ol AAZ LR o]Fojx A BN PR #A



3] UMY MTI DEOAAR t}E EpolM= BRO R2H BMER ¥
ZAE BR3l JdHHLE /UAFE = Qth o] }FE AL A
=487 UolA AREHA shd tisre] BMKEIT 32 33 B AT
of B4itd 4 ol ATETFIH <5 MMk 32 d4EL 3= 4
w3l polymer& UHA MTF th&o=2 ALESIEHF QIR Fojri.
BKE Bl BN = o] MK RMBY Hiko oY AMfF
ol GREIRL ATET 7de] ¥Us| 3P Foly FFEH o2 4L
AAY FH2 A-E&3 Ao ort. & HRARAME d2& tides ¢ A
£ AZFFAHE Y Byt vt et 2zl Jazir] g AFFAA]
A2 #21 AE FAoldrh. & AN E o8 MAAIFoMEs F2 A F
AEA ¥, U, S T UGS e E & JAFFA} Bake] ZFAF
388 AMEA QA7) ARELS ol iyt AFE oln] AjAEIGc) 2
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2, 4-Dichlorophenoxyacetic acid
Kinetin

Murashige and Skoog (1962)
1-Naphthaleneacetic acid

Plant culture medium established by Chu et al. (1975)



1978'd Murashige:= A M| Evj&E Hgol Yo AFFTAY 2& A& A
Qrstalrt. ol 2|¥t AQto] 1980 dtie] o]2 2 o LFol &3 UolEAA
Al o] Folo] thyt A7t AlREG e AF AP 1Y BHE B
L3 e ok 3zt F

Cantliffe 5(1987)2 £a}¢] fluid drilling 7|4 ©o|&3}l AM=E
Mg 53 A olA A XA nF3te= wEE gt glen,
Kitto2} Janick(1985)2 oJ271¢] M A XulE Polyoxyethylene oxideo
T ¥ AR3Y g Ho|HE ghEo] AFFXE Ut k(2
MM X E dlolzo] E/E Yol FHE JAFFAE WH(Kim and Janick,
1989)" v} 21%F). Grays(1987)2 U&dH NAMXu|E IulE ARst= W
Alg estal vt MEFx}Ql Redenbaugh$-(1984, 1985)2 MM XujE 4
3 Pagol AR Yol dFFAE o]-§3la Q). 28y 2|F71x] B
H JFFA= tFE AR A58 AARE o2 ¥ Zojm Tzt
g ABojAs F1&EWL] B2U7]|(Yoshida et al,, 1988)8} Hale] AN
Al el AAMEeE G4 JeR 2Y FA3(Datta and Potrykus,
1989)3tdch= 237t qlch H & dFAAM X Redenbaugh 58] A|AE
& o]-&3ld P8 57 QAFFAHJeon et al,, 1986)¢} A2y JAFF
ZHLiu et al., 1989: 1992)& 7% ul oledl, H3] A2y 74 oA
742 WEH g AFFAe} vlaste] & wf FefLl 7] HolN 71 I
F2toll I3t ol EZF Y £ UAFFAH1991)E= @2ty F
oA UAFFAY BAato] 7HeHE AlAsHG T



o AFolM= HEY JEMPAHEIEFEH FEH MM XulE Sodium
alginate® gsly AXY UIFAE Usen FHelolA LotE

& ZAstaAl st



A2 AR
1. AR

2 dFo] ARRY ¥ EFL PFoM AQuiE I = Indica¥ ey
HE ZAEFE 0T A}L3}9ct. ef¥ni(Oryza sativa L. cv. Taebaeg byeo)
E AR HEAFHAA FEF 4I#] n|YS5FAE Eddol A%
sttt el njMHSEAE 70% GIol] 58, 2552 HAME AYPL ¥
A (F¥ets)of 402 Ae3tal HETE 3 A3t EHAMS F ¥
nj Z3toll A F3E A ABIAC

2. L FE R A

ndsFAts HFAn FstolA  n]dSuirt £2l8te] 2 mg/L 2,4-D2} 6
mM proline W 100 mg/L casein hydrolysate?} M7}Sl N6 1MujX](agar
0.8%)of wviso] HIEHF xAsITt. FEE Helie SEZZY ujx|d
A 2FVHLE Arfugst] FAHAIZUCE WL FE FAHZ 265 C ¢
27614 Wstach

3. defujet

AN fR| oA 2- 37HE T viYE WA F I Tyt AL E Y
Hol ZAstol| A s, 1 mg/L 2,4-D2&} 6 mM proline W 100 mg/L casein
hydrolysateZ} 371 N6 <JA|ulx|o A 100 rpm, 25 C ¢ZZ2] gyratory
shakerof| A @ENYGEIATE. Al dFd THLR e, HL
T 187hdo) S BRI LR Rl SAHE MENE AZFA MR of

g3telct



4. MM E¥] T

Hehujgo® 187)H  olA X542 Indica¥ e e] v EINE 1
mg/L NAA, 5 mg/L kinetin, 5 mg/L ABA, 100 mM nitrogen content, 6 mM
proline & 100 mg/L casein hydrolysateZ} X718 N6 Iajuljr]oj x]Ars}A

A M XS 75X AT

5. AZY ABEA} A2 Y ol ZA)

A %.(1986)2] ol wial 0.1 mg/L ABAZ} M JHH 1/2 N6 7] Eujj oz}
M EA] ok 1/2 N6l Enjaelo] 4R AMsodium alginate: low
viscosity: Sigma)& 2.5% @33ttt 1587t HEA ¢zlal R
M E-E 174% Yol 50 oM CaClz &of 15-20cm wolollA] Hol=3
5-107F akslsr 1/2 NewjAjoll A & L] CaCl: & A At £y AZTF
g A ZEc. HdE FAE oY JdF3FA EH1Y IEY BEVE
HAAR F 27 5 cnd] HEZ T3] 108]2] Yol 7 B o8 AHuzE 24x
ol At ARXRLE 0.1-1.5 g¢l clean benchol|A] water lossZ} 60, 70,
80, 90%x7} =& ZAZA|Z F 1/2 MSujx]o]] x]Atsle] 25 C 16417t HRA
oA AFUZt vjLgd F olES AT}



A% 2 A

A A EalJ e xjoll A 309 o] o] ZFasle] A AAMEujE o]
stojlA Feldte] dAiteR NeAy A, £3HY AFEFAY A= 3
2 ¢ 5 mn, FA o 140 mgold oL} Axgol 90xdul 27 3 mmol 32 L}
Eftrh(Fig. 1). ABANZIA] AZXHo] 51%8] Hol&E UEH UA-FFxl=
X E&o| woldol uwiel WobEo| FAJIATt (Fig. 2). 0.1 mg/1 ABAVL
A7HE A P2 HRY dFFAH= ABA Mo} vjasiy AxH
= 2], ARFx 1.38] o] w2 ‘dol&E UElWCHFig. 2)). % A
Z&o] 0xdule] JAFFAIL] FRYUYTL 5652 LIEIRITHFig. 3).



Fig. 1) Encapsulated rice somatic embryos(scale bars = 1 cm)

A) Freshly encapsulated embryos
B) Dehydrated capsules(90% water loss)
C) Rehydrated capsules

D) Germination of encapsulated embryos
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Fig. 2) The frequency of germination from dry-type artificial seeds

in rice (Oryza sativa L. cv Taebaegbyeo)
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Fig. 3) The water contents of dry-type artificial seeds



A 1%

A F7H2] AFFA Uit dF = FE HAY AEE iR 3}
Fch gy dxlg AE 53] JFRolA= AMAEZele cjagrgate] iyt &
V27t B-&57] dTo wHEAejo] ol #Zo) 2l Rej(Hordeum
vulgare)®] AXX[Refe] MM XulE o83 ¢4t PeAz I 80x2
ol 8-& YEIW O (Datta and Potrykus, 1989), Wojixlt BRUIHES
o]-§3l UFFAIF st oL} dolE W thFP4tell M= dFEHA| U
ottHYoshida, 1988). wlelr A F7Ix|8 IFFolr= AL W HEujgH
F T8 AAMXu]Y tiFdst A AR0] HYER] YFLE UM AFF A}
i A= n I JefAdct

= A7 E HY AAMX|E o]l &3t +HY JAFFAE Ny
B} 9lom(1991), & dFojME 1875 ol WehJAIZ [AIEHA ¢t
B 2 AEHEES 7= el UM EFZHE AAM &
BAatsle] ARy AFEAE wEYen, I Azl 80 ARLoAM 20%2]
Yot-S Vel CHFig. 2). =¥ ABAE H7It F-9+= AR 42 B+
2] 1.3ulo]}e] ol ¥AhE 7IXZTL o2}t A= ABAT} AlAM|Enje
osmoticunHF & FULEHN Ao i UEE YA 2o & 5 A
& FHol|thRistic et al., 1992; Dell’aquila 1992). g1} A=RL3} 4E
g v A EA(Fig. 3) 90% AZZME FEHPo| 56x¢lol = B3}
3 ANFHLE golgo] A2t I olfEx ¥ AMEu|st T
2-4 mE 37| o] YA Al el PHLE XM A3 AxA
dzlate] o3 Ry E=x| Kl Y ARHAY] gEd Aojr)h. uwigiyq 2
717 2 MAEuY PY&itols NMITurt Fr1Fo] AHLEEA A E
St 71ed] 7ipde] oy ZHojr}



1% 2 £

A X E AT Y A2 AFTFA BN AE WUsiAAct.

1. MAXEuE 1/2 Neujjz|o]] £33 2.5% Y24 LVEE(Sigma Type VI) &
g PNey 3t dI3FFxE A R319ch

2. QIREXIE ASEE 24x0)3 AU AREE 0.1-1.5 gl clean
bencholl ] water loss 60, 70, 80, 90%% ZAZA|Zl I dlolAlFH A} 80%A
ZEoA 20%2] Wol&-& LiellT}

3. &AL &of 0.1 mg/L ABAE H7IStY] UAFFAE WE Z3 1.3-24)
o] ol& BVAE LIEIWTH
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A3A NI TE B AT A seHs
Ad o E

A EMEZAY JlaeS A2A A3E JANE Adst=d Ao
NABE AFXct W2 MEE wtE A7) screening®d 4= Q13 wjY 7|
3ol ]2 Holg RUSHIIE st A Ao iyt A3Pd& U&= )
o3t M| XS A ws}A )=t} Glyphosate(Steinrucken et al., 1986; Dyer
et al., 1988), phosphinothricin(Donn et al., 1984), sulfonylurea
(Chaleff and Ray, 1984), imidazolinone(Anderson and Georgeson, 1986;
Sexena and King, 1988) 18|3l graminicide(Gronwald et al., 1989)%¢]
Al A o] ¥t ABPPHEE ZA|QY7|-EE o] 83t FFTHLE dalrl
A B 2 target sitefLAE HYAASIAL Es target T A7 H Ao
¥t AHE USHA LA UA HLE HYAF LR dojx] A",

NC-311& sulfonylureaAel] 43l W& ]3] A|FA WS XA o]
vl i, thdAde Adg R, AlE&HAE, barnyardFol Yo g 2
gUT} of ARAL P2 F4Eo] B URAL o]FY F ofucy)
2] B3eE& AtSte shootB & JA AL FAlo] el UHEE A4
ANAA AEE& SA et

= 47 FFHZ NC-311A A o ch¥ A PEE 2d B M EL A
g dHoR AAE A2 F o sjGA XL AR Y HEE 2
A7 5= ARSI Tl FFoA A2A g Y FBS A
=3}t



A Az %W

upd ol Rt e [ERIGMEN HEFF2] ofm|i=Ated
valine, leucin, isoleucing 1 mM® M 7I3 Z 2} HIstA] UL 2, g
3 AZAQJ NC-311& 1 uM AMe|jF A3} Ae|six] A2 A 43 e]F& 30
X WOkt ¥ Qold ¥ WeMMES WA g Y A2 Mg
stk
o} 500 mgd] A RE YAMALIL E YRIAPLUOA ol ¥ 1 nl&] TCA
acetone(10% trichloroacetic acid + 0.07% mercaptoethanol in acetone) .
2 -20CollM FEAA 12,000 rpplE 15% B¢ JUE @
pelletS TlA] 0.07% mercaptoethanol + acetone®<Jo]l 2H ¥t 3= 30+
2t AZRAA A pelletE AATE ©] pelletZ F+E33Y(8.5 M urea,
1.6% ampholyte pH 5-8, 0.4% ampholyte pH 3-10, 3% triton, 5%
mercaptoethanol ) 2. 8 imof whiizlg F=3Jo T},
22t A A719 %2 0’'Farrelld] wWio ulel £8]H thijzl LKAS
[EF(isoelectric focusing) tube gel$lof] 2012 loadingdt TS oF=of
10mM H3POs 2} &30l 20 mM NaOH -£99-& 2J¢] 400 VoA 14]37F, 800 Vol A
1A 7 Z¢0F BE-gl3%F ¥ tube gel> 7 o] SDS sample buffer(10% glycerol,
5% mercaptoethanol, 2.3% SDS, 0.62M Tris-HCl1 pH 6.8)ol < %5td SDS
slab gel$]oll &3cl. SDS slab gelS AHAF 25 mAE ¢F 4-54]7F X9l
SDS-PAGEES AlA|Sl4tt. A7|BHo] Byl geld 28 M(silver staining,

Bio-Rad4l&)& sto] ThlA spotg EAslgrt.



A 2 191 %

v o] HehlorE L AAEE 1 uM NC-3112 30417 Halgt A3} A3
3tx] ¢t A, olmli2aH(valine, leucin, isoleucin 2} 1 mM)E M7I% R
2 MR 4L AEE Ve AHeFERY FRPAE &3 2x14
A8 5E& AAY A3, of 400 «4712] spots& ¥ ¥ 4 UKArh(Fig.
1). NC-311%F Ma|¥ Ro2HE (32 kDa, pH 5.1),(35 kDa, pH 6.8), (40
kDa, pH 7.3)52] 3712] polypeptides7} VA3 Zsisid o, 2712
polypeptides(52 kDa, pH 5.3), (27.5 kDa, pH 6.3)%2 1 o] Z4As}g
CHTable 1).

AzA 0] thg YL Ad AEHRY AL ARAL & Fx F
IR A Aot MEE AU ezH JHsicth deu A EX S}
ZA 8] FFol miet BEE AUA He w271 27 tiEA Yehdn o]y
M X 2= somaclonal variation®E 7|QI® Aol RI® u} glr}
(Gronwald et al., 1989).

A zAoll 23 AERRFL] JA= 7R Yol &3 ofriE=dl, of
o)At Qo] PAY HAQ ALS(acetolactate synthase)e] Hol 8}

& B]X]= sulfonylurea®} imidazolinono] ¢lt}(Chaleff and Mauvais,

1984). o] §F A ZXA7} ALSE=}}Y] ubgol= F71x] o] gled Mxj:=
ALSEA}o 1 5 A& Ae] action siteZ} E%F0]|oJA] cross-resistanced
Uehll= Z-F2f ALSERlY] MECHE F7§8] action siteZ} Exjgicie= ¢
TR 37} QtHSexena and King, 1988). Daturao]r sulfunylurea}
imidazolinon®| 2 Ao th¥t V8-S ALSS ¥Helst HEE Y] W&l 7Hs3}
% CH(Sexena and King, 1988). NC-311< sulfunyluread] &3}= Z O & o
A 2A GA| H QM XA ofn| it A¥PAF L] HEe HAQ ALSo| B3
& uXA Hol AWHE XA HE Ao Erh ALY FYAatoly)
_ap—
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Table 1 Polypeptide spots that show quatitative changes

after the treatment of NC-311 at 1 uM

N il P il T . T

MW (kDa) pH

32 5.1
1 35 6.8
40 7.3
2 52.5 5.3
27.5 6.3

1. polypeptides increased after the treatment of NC-311 at 1 uM
2. polypeptides reduced after the treatment of NC-311 at 1 uM



ALS7} ¥ xlo] NC-3110] tis] ASIA WHg-& Rolz] Qe ZLo=E AlgH
Cl. E¥ Datura innoxia?] 739 0.01 uMsollA AxA o] ciyt APH &
‘dt(Sexena and King, 1988)% 4 Qldd Zio) uvl3] v @M xe]
3-%+ Datura innoxia® Tl 100¥] &2 HX¢l NC-311& Az|¥ Fo| oy
A o] HAEtoll A 571 2] polypeptides?l 3 FHE& RadEdl, o]
Aol NC-3112} Whg-& 3t HHE FHR AHEY A% AAXH 1 ohy
el &8 7ls i e AlS s olof ¥ Zolr),



A 2 £

el \EhGH wPdAAHXE 1 uM NC-3112 3021 e[yt A2} A
3FR] ¢t 7, ojul] ofu]i:-4AH valine, leucin, isoleucin Z} 1 mM)& 7}
¢ A3 HrslA| A2 A FY 44 AMe|FE Ry FUNUE F &3
oW AT|EFH LR v]ay ZA3} NC-3117t Aej¥t Ao HE (32 kDa,
pH 5.1), (35 kDa, pH 6.8), (40 kDa, pH 7.3)52] 37128} polypeptides”} ¥
A 8] Z7pstden, 270¢] polypeptides(52 kDa, pH 5.3), (27.5 kDa, pH
6.3)2 I Yol ATt o] spotso] NC-3113 HolF o T Zpg=

gene products¢l Ao T HSFHCTl
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A 4% e RAkERES 3T B b BEGE

WMEE : MHFPEBRE RIEE €t RE®#

AR A E

1970'Ach 2] HMSRE ] WA HEo 1980dcfel EolA 7%,
T, W PE, S5 FolA somatic embryor} FAPHUThs Rt @&
Aol MPMIRE Ao FEoT FAANY ¥ 7} MXoA BH
£& AlH FX7 HoRH olF Boll ATSE THE F3§ 2|94 A8
ol A B gH M| XM ARBREOl 23] BHY ATET 7 ©EZc o
SL MAAIIRL S ol w2 FollA UAAEE ekl
BRE= ARSI 322 U ARl ATt iy 2448 HIAHA
At Aol A7 S8 A AR XI5 deA $
Tl REH e e FolME HRE callusERE BSEE #pie
ol FejFoe FEKYL HRY BV SPHECE A2 olul 60d
o o] Rargnl glvh. 297X BIEERCl A3t Y Holut TER
koA ¥t ol REKRE BERME HEiHnfo] mutagene] M7} glo]
T ol2j¥t MR} vl A ¥k Zo] YA och BRES
R Sgoluvt BARE 7|70l d¥iMe des dysooF & 3
A7F wWer B4 #pHEe] V-8 Ut iyt A3t AAFoE 3
x]ojo} 317l

2 47 WY XK BENY [¥ callus Hobel mipiol] oyt
WRES 251 ATRTF /Pde 712218E d3Al B4t Aol ciyt
T2 FHBE Bt olE2 BRES XA BM3l oA AME B3
Sh= wlojcl.



A% e g Y

E P MM TEFRS MeMREnE FREN ki) Xk B
Z28Y fIdY callusold BHHLE EHBE ESUol FAAREE o] &3]
Act HEYE S{tE 213 BHL BHE= N6XEiol NAA 1mg/l, kinetine
5mg/1, nitrogen 100mM7} ¥ 7} BEHB(T1)2} T1 XAEIEHo] ABA 1mg/17} M
7HE BH#(T2)E AME3ISiT. w2 HYlE= KBl 1948 S+
3] BHEAIR TR BSo] 33 MElEE 19919 129 190 @iEfFYy AR
¥ AFHRZE YoM 15x15cnE FF 124 B3l or Ka¥HE BEREG
MO T PG T MRS N-P205-K208 5-3-3kg/10a 208 3l Mk
B OiEEet inEiERs 2EIRE slgon SXIEE= HIE 80%, BB
35 BIE 20%5 23] MESISon 1 o BRETFH- MWFYsBRE EX
B &3lsich HEE BAIRRE REARHE AERLMS) o] ule}
ZABIE S BR, R, EE EENK U BRERS XE Kk RRS AY
st ZARSIGITE RAREA F Rl Ity MREe] HEARS ZEFU X
FH e S, FERAS Hold & MRS 73l

AR o S =L
Ll Fob B
- Tl : N6 + lmg/1 NAA + 5mg/l kinetine + 100mM nitrogen
- T2 : T1 ZBEEH + 1ng/1 ABA
- T3 : Ky (f5MnH)
cl. % Bt
- BI{EIAR ¢ 128 18 - 198 (198R)
- b7 © eAjc =73



e}, BRESL:
- RBEHT - SErYHRe HHAREE BE
- RAMHARY : 1991, 11. 1 - 1992, 5. 31
- B B 1 : 19914 128 19H
- RETE : 15 x 15cm
- KEEN 1K
- ¥fE&k (kg/10a) : N - P205 - K20 =5 -3 - 3

P.K A&7d] , N : 7|u](80%) - F=H](20%)
- JBHR WEARERH : BEY 35H



A% 23

& SEQ "KEY” vl RS callus® FE Bt BXEMS
G2 T1 R T2 HeloA BHLE EPE Rl JIANE K#il Sl BHE
A ¥ %ol MEFHARE HARE EEoA REESIIA HEFAE
pREo] RS u|EX MR, Bl HENNK RBEXX 54 F2 BRI
BRES 2 3¢ Kavet vla ZESHA AR A= & 1 W 1%
104 B= vig} Tl HEENE RS AEU T1 FAxkelA 71331 118
d He 71 g2 85d 7 SAE A PG 93.1cm 3L BEEFAY
AEHE 96-90cn HelG o F5EE 93. 1cnE For{h A ST FiGE
o} Zoror} B4 JiAS] HBBET wol HEANS] HolH2 KE¥L
tt 3A Yelgton it Azt vl T1 ] FSHEANE &
EZ3 vl T2 ActolE 94,208 BEFHL 1YEE =2 2R
UEelsit BES BE3Sol M 48.2cm oA B{E 32.5cmoll 4 H AL

Gl 41.3en® UEPEOL b A Jee] BRS B&E 45.8cn
ol BiE 15.0cmol AistE o] Fi5 P2en B BREFHC] 9on = B
o BREF Hc} TiH iAo HABEE T1 AThollA 31% of 33}
= 607§A|7F T2 AHtollA = 35%0 3|3t 727017} R WH 22 Uty
rl. B4t AEAT] MBS BA 26cm oA B/N7.2cm of SAstE o
ol 20cm] KEHHETE 6en U O S 7M1V 2704 2850 en ¥
o] B BREITHT} B A o] A4 URE oL} o] A
e BEE53 vyt Z33olddct. #lE Btk AEXTdolA 1.0-11. 070
7HR] st om ANl o 70 =T} 4-6710) st Bk gt
2] o] Fxe BEEFI vt ot MENRCIAE TIE FA
I3l WHol] ZFo] Y HoT FiMb AEITS Bvh 12804 K 103
d 7 Sgmstaen REE2 52-105% 7HA| ol FiGE:= EEF 80.8
Aol w3} T1 oA 6174 T2 xtod 58.67012 BFHt AE Ftho]

20-2278 HA Jeluli B RMERNME S0 =t F¥oldley HolBx



£ BEFHC A2 WoE MBI wol MENES Hol&2 Kiy
Br} 32 wyo g IA el BEit®o] Qo= ZEEQU K&
£ thF-E ZiA7} 74-95%2) RRES LiEhigl o B AN Aol
= 50% BITFY W& BEES 2ol FR*o| 50v LIEQ 2 Bke] o]
A2 R B AU REAE ¢4 Aoz EREn AR
NN 2] HBEBBEAAM ST T1 AcholA 27%, T2 FTtollA= 40x0] 3fdsh= 81
N7 }H AR AR Vel ¥ F 104 WHol Ale-E EEEF
H| 2 W&o HolAl¢7t A Uehd BES BXIER, WENK, By &
&, @k HEER <25 A ekt FAH Bob A E3cke] 1
M 5 771x] R iRt Holde REBEE ZAIIST(E 3) AR B
BHZ BREA 713 Ho|7t Asle BEEQ KEniNc BF 4 #X
g Uehlglon chgo 8 Hol/iN HERo] 2 HHS RECE BR
Al HBBE = 35.5%% 72 7/iNVF 8/ 52 RECE et HEEK
of A= 27.6%0] 3|3 56747 REZ R BlpEC T St on K
Boj= MRV} H2Z o2 eyt ¥ Bt Z|2uix|E de|¥t TI
2 T2 Mix|ol A FHMEE A EET] Hol/jN&d WEE T1 Wiz ET} ABA
7} 718 T2 wix|ollA HolA| o] ot WA Uehs Z3olsdrl.




¥ 1. BEREEES ST R ASA ER PREK

H #% B ¥ (8) R K (cm)
" - — —— — — -
Tl T2 y =1 Tl T2 A B
5 X 118 117 96 45, 8 43.2 48.2
B /N 85 88 90 20.0 15.0 32.5
B ¥ 93.1 94.2 93, 1 32.3 31.8 41.3
7ol 4.0 3.2 1.9 5.0 5.7 3.5
CV (%) 4,3 3.4 2.0 15.4 17.9 8.6
B & (cm) A W (E)
E 45 — — - — —
Tl T2 y =L Tl T2 y =]
N 26.2  26.4 20. 2 9.0 11.0 9.0
i 7D 9.4 7.2 14.5 1.0 1.0 2.0
r 35 16.5 15.9 17.0 4.3 4.5 5.5
7ol 2.5 2.6 2.2 1.7 2.1 1.5
CV (%) 15.3  16.2 13.2 39.3 45.8 27. 8
M E N XM (E) B’ X HE X (%)
B 4 — — - _—
Tl T2 y =L, Tl T2 y =L
. N 103 102 105 47 46 g5
- A 13 12 52 0 0 74
E i 61.0 58.6 80. 8 15.6 15.3 86. 5
4 #& 14.7 14.6 13.9 11.1 10.8 6.1
CV (%) 24.1 24.9 17.2 71.1 70. 6 7.0

Tl : A=} 7]28iA] (N6 + 1 mg/1 NAA + 5 mg/]1 kinetine + 100 m M nitrogen)
T2 : T1 7]<8l&] + 1 mg/1 ABA



¥ 2. o BEREESYE B4{EE Rl fpolde] FEBR BREe HER

W OB R (%)

H A T1 a) 63 ' 32.6
T2 b) 56 27.6
B - T1 61 31.6
T2 72 35.5
- | v i Tl 15 7.8
T2 25 12.3
- ﬁ Tl ' 6 | 3.1
T2 12 5.9
Ti 20 10. 4
T2 42 - 20.7
B E X T1 193 100
T2 203 100
5 T1 . 193 100
T2 .

203 100

) T1 : B4t XKA&EH# N6 + lmg/1 NAA + 5mg/l kinetin + 100 mM nitrogen
b) T2 : T1 FEAEH + 1mg/] ABA

c) HBERZ Rl HMe] A+ FHMU K 28 EERAE Hold HiE
me| X



A 14

AEH E2] callus KERolA FHEE A EA o o3t HAMNo] XA}
A+ Oono(1983, 1984), Sun(1983), Zhao(1988), Son(1991), oA
Larkin(1984, 1986), Maddock(1986), Chen(1987), X.2lollA Singh(1986)%
of &J3jA B ¥ ul glom AMEMEE 7oA BEIN= ol U
= Bk MR 1Y o=F RISk Uy S554 & T #1RE
‘ol F-HA S HH AFcke HolAM Y 242 HIEAN $
O} HojlA ERH callusBHE BHEE #EHB= FelZoE HEY
2 FARE ZHAI7L ci2olu R A= Wdticks Z1& Nishi(1968)
So] B3% v} gt BIAEL callus2 HE FH4H{EE Rl 7N S HH
24EH R2 MUiE XHoll ASuisi Fo FAE HES o F Felze
2 REFINVIZAE & AUt wWaon RIS 54& AchEE 2A B3
3t 21 mjul3t 2o R o|= Rl JiA|S B A|7]7} dB IR Qo FHxt
o] FAl W@yt T J|UdHEA Yk RZ2 x|t EIofA
Oono(1983, 1984)= W callus ¥EMolA BHEE AT RG] WRHE
& AR ZAH 6717 @AM BEEFI L EXAISS 28% 0|2l
i, Sun(1983)52 It|7} callus B HE BT FriA Sl iyt HK
B, RXE 5 6712 AL ZAh} FAQ] 24x o] REZ I T2 A%
oldem HHII MR FH2 FFol wel 2 ML xlolst dria IHn
Son(1991)2 "KW~ XA BHLE 196 ASS EBol ASuishd
A HEEHRS 6B e WHo|YAE ZARN] FYejH o R 2EFI FARY
AT AA Y 24%0] SBIAIL 50%= RIMA] AN AFL HolE B
olHM AFTU Fele UBEHA| dsdrial st 4 HEAME Rl Ak
PR £F 24uollA HEH, BR, #R, N EENE |BXX S
of tiYt WMREE F&E AR} FAo ule} Hol e B FYel
ST REES A JHAN EEFFH xlo|7} 32 A/ wateou &
KR M= 0-47%2] EXF Ho BESU KA T BREXK 86% R}

43—




U2 BERS 2o Oono(1983, 1984), Son(1991)52] Ao} HRY AL
callus®] B5REEH 5ol clEdUA ¥R A2 BZ¥cl

"AEY"2] Rl AhE iR ZAMNE 2z H3AH WREL U Bl
(R2) HH WMRE 2 7iA7F TI Az|olM 32.6% T2M2|o|lA 27.6% o]
o, B BRE EQ JiMl= T2 AzloA 35.5% sk 72 7iA|7}
BRES Ve S Bt Bio] el R WK FH= 7.8-12.3%
MERMoN 2] WFIES 10.4-20.7% 2] 434S Bt oyt A= H
R, Bk, RENE SoM R U Nx 57fi= Oono(1983, 1984)
2} Sun(1983)5¢8 AFA2et #FARE Z¥olgit). 7Zhao(1988)F-2 ¥ 2]
callus ¥k A BHLE R2 e BRES AW} /S Folx]aL,
A= S92, Sun(1983)5%= BHLE AAX BREs g 3
olA3l HEZE F7I8Id o] HHIY BRRAA BREKE X7
O PG BEFI B B¥oldria 3t.en] Son(1991)52] ZHfollA
T B AARoM BEE At YAE FHEE ZEE v2NE
of BRI BRS Ao KEREE Z4sidon MENEE F71514
o1} W= Sxlol7t it st ¥ AMX wiE HE F4H{kE
RI Acte] B BE2 FolX|3 GEENSL HENKEs ZAsidon HK
fio} RS 2ESI viksldlen o2yt Azk= Son(1991) 5o Az}
vl Z¥ojglrt. o] AFAIeM "XKEw” o wiERE FHMLE
Bat AEXTRL) AT B wpel ZEF2 HRY JHAZE HAR}
REoAM T4 2 HEE 2UE AT BERJNE= BUMHKo| A LE}
gonmg ol2¥t MRS YA Helely 1 V& WIJ] M= 1EY
FrjES ¥ZFo| Rl Ackzt R2 AT wfTREEsle Al A7k £
A AHA] B3t AlFIEAN FR5g0] oyt RS U yrlof A
o 2}y,
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Confirmation of Dosage Effects by Electrophoresis in Maize

Choe,B.H. and H.B. Lee

Abstract

Isoelectric focusing technique was applied to to confirm the genotypes of
maize endosperm and embryo., The isozyme analyzed was esterase. The genotypes
of maize endosperm were SuSuSu (dose=0), SuSusu (dose=1), Sususu (dose=2),
sususu (dose=3), WxWxWx, WxWxwx, Wxwxwx, wxwxwx, ShShSh, ShShsh, Shshsh and
shshsh. The genotypes of embryo used were 02-(either normal or heterozygote for
opaque-2 gene), 0202, Su-, susu, Wx-, wxwx, Sh-, shsh, From the analysis of
maize endosperm, it was observed that each genotype(dosage effect) had very
unique isozyme(esterase) bands. The isozymic bands were not only different
among the same allelic genes, but also they were different between non-allelic
genes. In general, su, wx and sh genes showed recessive dosage effects in the
esterase activities.

Secondly the genotypes of maize embryo showed different isozymic band

patterns all responding to their normal or recessive genotypes.

M oW

ST XER Hiol A3 EMRME B = HEHED ME &34
2t BRI RMEFR AP S 2 R BmPBY KBE 22¥ o7l
Cl. dEA S ¥EXo|L MEMHRAYM Ml 52 T2 RE o] ol RHE
of 2J3t ‘RS st I #HR =3 Act TV REHMO 43 Mt REFEo
2|}t MUK HEIE AR K3l wielN §F7H= s ¥ el RE TR 2
3 BRE 3t Y3tz Qi



Ju HERM SAEAFF S @ RN HHES VUi AL 54Ey
BeOH (. 2Ee, X, ERHB )l cisix= viad x|t ENERE osiids
o2t HBI J+e+ N REDN HHE(HET Z¢ RMETH)S HUsl:= AL
£l A ¢it}l. Schwartz 8)& SN2 B = INOE dosagefL7l QUU&ZoE BT
g vl olth oleio] = BF O] T TN REEAFIT MR F-$ FHolx 3
7tz REFEH] A& T AUZLE ol METFHLE 37 = fAUct ulelA
o|2}d2 HH METHEZ UV] 3= RXEE T3 W3- RETFRL 4
21 ¥ uje} = MIERR o3 MR RETFES ¢zt ¥ o v a3l
HAHL a4 FHoM= PR BAHS RETFRE d2x ¥ dols= 3] MEX
B Fikoll &J&stdct. a7 fIdiAE HEA] F BEE BEY 1S RSl 3
7] wizoll #AF 1de] £85 3 XFoA 2] MERXRE A X7t dch welA #
HigLt T+ B REFEE 2l BENolT HEMSE ¢ 4 & Fiko] ¥
23itt. IA S HPlRL S Mo REN HES UAVHY HESE BR
KB IS o83t it 1.2.4) Ty BEKES oAM= Ted] MHEL] kK
B frdEo]l A oW AAZL le=AEF GIA §F Aol oz} whed] W] [
(7R SIS S3 FEENRNAML REN SESHES vEY S+ LHFHRMEN &
g SBAze] XL FHHEML FASE vehly] diEd AAE S0 Fld o] &35}
<dl= o8l Aol ATk 5.7 Oy 2T go] BEXKBAAN Ao FHRMET
J FIMBERE o] 83 MBS HWHENY RFLPZ) o] /U= o] WMHEN 3A 7149
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Genotype Phenotype Degree of dose
WxWxWx normal dose ()
WxWxwx normal dose 1
Wxwxwyx normal dose 2
WXWXWX waxy dose 3
SuSuSu normal dose 0
SuSusu normal dose 1
Sususu normal dose 2
sususu sugary dose 3
ShShSh normal dose 0
ShShsh normal dose 1
Shshsh normal dose 2

shshsh shrunken dose 3

BlEz ol 3 Sl BF BE e ¥ BHYE 60 nesh® BRES}H
B3R buffer(ampholyte 40%(1) + Ff<(15))2 T & &5 KE(5, 000 rpm
oM 202)8 ¥ AE o] glycerol & M7 The WAL (model :SE 250 Mighty
Small II;HOEFER Co. )ojA AlA|3}H T}, gel2 ampholyte pH 3.5 - 10§ A}&314
3, geld] 2L 30%2] acrylamide stock(acrylamide 29.2g + Bis 0.8g)ol] ampholyte
0.72 ml, TEMED 23 micro liter, 10%-ammonium persulphate 50 micro liter 2} 50%2]
glycerol 1.2 mili liter& US| 4oColA] 24A|17F A3} AlZl X AFRIIEC
chamber U buffer £ +Zof 0.1M - H3POy, 12|32 -Zof 0.1M -NaOHE A}-£-3}4
Cl. E)RFRIZ 10-15mA( 2} 70V)oll A A2}t ¢dwlob(A)7} dBH wi 7}x] o} 4-54]
LR E A3 B2 chamber& A2 RX|5t4rt. BMRKE F esterase ¥ufh
= 0.1M2] phosphate buffer 2<Jof fast blue RR & 0.1 &35}l 2} F ¢y}
naphtyl acetate(1%)& 37}l 37°C oM <oF 1A F¢t Ju@stgct 2b Aol of
%t band®] SR} VA FHAIPERS] HHEES LSl

SR Rl FEER

1. A FA dosage BRI B

7}. sugary REAF
Su F 2t suRF2] ol 23iA 7Het 4714 RETFRE] KA RoF:
esterase?] WMEVIRI-S X I3 12} Pl F 97le eIy sul] dose?} 091
SuSuSu®} dose’} 191 SuSusuql BHF.= 1,2,3,4,5,6, 71 W=yl A (null) FHo| 38
pHE SO A B9 HAT} EANBHADL doses} 281 Sususudl & 1, 228, 54 3 9 9]

xJojjlA] MMEE Hod37 Q)
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Fig. 1. Esterase isozyme patterns of maize endosperm with
different genotypes. 1. SuSuSu, 2.SuSusu, 3.Sususu, 4. sususu,
5. WxWxWx, 6. WxWxwx, 7. Wxwxwx, 8.wxwxwx, 9.ShShSh, 10.ShShsh,
11. Shshsh, 12.shshsh -
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Fig.2. Comparison of esterase patterns among normal,
Sususu, wxwxwx and shshsh endosperm of ‘maize.
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Fig.3. Esterase isozyme patterns of maize embryo

with different genotypes. 1. O2-, 2.0909,
3. Su-, 4.susu, 5.5h-, b6.shsh, 7.Wx-, &.wxwx
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High frequency somatic embryogenesis and plant regeneration
in tissue culture of F1 hybrid maize{Zea mays L. )

Nam H.SONG, Won J.JEONG, Myoung K. KIM, Sung R.MIN, and Jang R.LIU*
Plant Cell Biology Laboratory, Genetic Engineering Research Institute,

KIST, P. 0. Box 17, Taedok Science Town, Taejon 305-606

ABSTRACT

High frequency plant regeneration somatic embryogenesis {from
zygotic embryo-derived callus of Fl1 hybrid maizes(cv. Ivory °'N gold
and Mexico QPM) is described. Embryogenic callus was induced from over
95% of the scutella of immature 2zygotic embryos on N6 medium
supplemented with 6 M proline , 100 mg/L casein hydrolysate, and 1
mg/l. 2,4-D, which subsequently developed into numerous somatic
embryos. Upon transfer onto the basal- nediuni, about 90% of thenm
regenerated into plantlets. Over one thousand plantlets were prepared

for transplantation to potting soil.

Key words : Maize(Zea mays L. ), somatic embryogenesis, Fl hybrids
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XICHVasil, 1982). &4+ A A3 Green} Philips(1975)0] 2]
3] & BaHE o]¥ 32 inbred line¢l A188(Armstrong and Green, 1985)
2} B73(Lowe et al., 1985)& FHLoE AAMXuiido] ot A7 =HA
tl. g A E71olA] 2ulE 3L Q1= F1 hybridof] tigt R HE ¢
CH( Hodges et al., 1986).

S A F8T Yol EHOE BEY $XF7 U &S ¥
2] glol4lg 7HA|= AebEFolWA tieEFo|ojofRitt. 7Y A&
2 go] AMgEHE ey A £HF AN BRI "HojR|,
opaque ¥ (Choe, 1968)8] 7+ APFFo|L +3Fo] AL THHE 71X
3 olch wepd ¢ AL T JIEFEFE FHFLE QA o
FAAINAY FERAAE EUSI AMEL FF5S /LS vigHRE
T8 A&7 eS Y Hart qch

H AF= Fl hybriddl ©&eAEL] Ivory N gold2} opaque¥ 2]
Mexico QPM 52 2E5F& B 23t N Xuddo] & A EN ALY

Al ABS HRISEAAE A AT



AEA =

2 dFo] A 44 (Zea mays L) EFLS 4EF 10¢x] #
Mexico QPM, ivory ‘N golde] njd<5FEAF 2dtidn 2EIISFZHE
ool A&t} nl/d5FAHE 70% alcoholol 54, 25%xE M H AYg
€ ENA(FtA)o] 205 MY F LT E 3Y Al AR
gt A n]d&532hs o] Pl Fuo} vl AASL o)

Sul Hajsiart

oA vl © A ZeE

AL FEFE 3 vjd<svlE 1 mg/L 2,4-D&} 6 mM proline W
100 mg/L casein hydrolysateZ} M7}l N6(Chu et al., 1975)32Au}x](
agar 0.8%)%2} 1 mg/L 2,4-D2} 100 mg/L asparagineo] 7} MS(Murashige
and Skoog, 1962)¢] wi&o] HIL=F A3t =¥ AWelis FYUX
48] uixjollM 2F HLER ArfuiSst FA A2} AL FEY F
A2 25°C oA ¥stscTt wjgFol W NAMEuE Pu|Fsto]A L
3o N67|Zufz|oll A Polg FE3ITE.



23

A2 FE R A

Neulzlol A 23 HIERE cfREe] wlosRE Ermate] A
o T3l FAR|7] #& PeArt Bt 3 WAL WAz d
=0 u|8suls Yoldte| shoot} 2|7} AASGUTE. shootel FeE|= A
Asta e Anrg Felste Acjele} stAch. 2y FE3ta A=)
¥ Aejie H FAHA Yddon EHHE AEANT A FUY 4 ¢4
Ch. X¥E |5y ©iedsia 33 k3t dejies FASGET w2 A4
Xl E YA o AE3te] AhuigE ASstach widd e A 9
T BEle # FAMRA] Qi 9} organized® AJElE 2 =Halch )
oM L] AV|F7IRE ANE ¥ A FA=A] ¢hgich. MSujx]of
MEe QA 2F FITE st §AEHAoU iR AYirEs A
Zog FAEI| Hrhs X7l AEEE] 27014 ol fA7t o4l
ol2Rt A3 A= 71Ul T AR A EupdAde] 23 A
= HAEA| gt wela] A Ee)e] U 9l WO proline W casein

hydrolysateZ} 37} N6éwjx|ollA F=¥ 7 LoA ¥Helstgdcl,
A A azeje] WA U whd

Ivory 'N gold, Mexico QPM + HF EFoA FH u]dAzg A
CiH-2(90%)oll A MM EulE FHE|QTHFig 1), MM Xuje AZFAHY
B2} AP YO FAIY S zpd 2o} vt @ coleorhizaE 7}z &

AR A4l wgstact



Fig. 1, Somatic embryogenesis of maize(Zea mays L.).

A: Embryogenic callus induced from zygotic immature embryo

B: Embryogenic organized callus with somatic embryo

C: A typical somatic embryo(sc: scutellum: cl: coleoptile: cr: coleorhiza)

D! Germinating embryos.
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High frequency plant regeneration from suspension cultures of japonica x indica
rice (Oryza satira L. cv Taebaeghyeo)

Myoung Kug Kim, Sung Ran Min, Won Joong Jeong, Nam Hi Song, and Jang Ryol Liu

Plant Cell Biology Laboratory, Genetic Engineering Research Institute, KIST,
P.0. Box 17, Taedok Science Town, Taejon, 305-606, Korea

Abstract : A system for high frequency plant regeneration from
suspension cultures of japonica x indica rice (Oryza sativa L. cv
Taebaegbyeo) was established. White compact callus clumps derived from
immature embryos were placed in N6 medium containing casein
hydrolysate (100 mg/1) and L-proline (6 mM) supplemented with 2,4-D (1
mg/l), and were subcultured every 7 days for over 6 months.
Thereafter, uniformly fine cell-clusters (about 1 mm in diameter) in
white compact appearance were dominant over friable cell aggregates in
suspension cultures., Upon transfer onto the solidified medium
supplemented with NAA (1 mg/l) and kinetin (5 mg/l), 90% of the
clusters regenerated into plantlets via somatic embryogenesis.
Moreover, when the proliferating clusters on the regeneration medium
were separated into smaller ones (about 1 mm in diameter) every 10
days up to 3 times, the total number of plantlets developed from the
initial cluster increased about b times in the same culture period.

Key words : Cell cluster: Japonica x indica rice: Oryza sativa L.:
Plant regeneration: Somatic embryogenesis



Introduction

A number of research efforts have been focused on the somatic
embryogenesis of rice since Ling et al. (1983) first succeeded in regeneration
of Fi hybrid rice via somatic embryogenesis. However, the frequency of
regeneration has been low, and the cells have tended to lose the potential for

embryogenesis during the subculture (Bhattacharya and Sen, 1980 : Tamura,
1968). Besides, there are large variabilities in the potential of plant
regeneration among the various cultivars (Abe and Futsuhara, 1986 : Seong and

Sohn, 1986). Among the cultivars cultivated in Korea, the japonica X indica
types are considered to be more difficult to regenerate when compared with
others, Thus we have attempted to establish a system for high frequency plant
regeneration from suspension cultures of a japonica X indica cultivar,
Taebaegbyeo, previously reported as a difficult-to-regenerate type.

Materials and Methods

Initiation and maintenance of calli

Kernels were obtained from rice plants (Oryza sativa L. cv. Taebaegbyeo :
japonica X indica) grown in the paddy field between 13 and 16 days after
pollination, They were sterilized in 70% ethanol for 5 min and then 25%
Clorox for 40 nin, After 3 times of rinsing in sterilized water, they were
dehusked to excise the immature embryos under a dissecting microscope, and then
subsequently placed on MS (Murashige and Skoog, 1962) medium supplemented with
proline (6 mg/l), casein hydrolysate (100 mg/l), and 2,4-D (2 mg/l). The
cultures were incubated in the dark and subcultured every 2 weeks. Throughout
the experiment, all cultures were maintained at 27°C.

Suspension culture
Typical embryogenic calli in smooth, white, knobby calli (Reghava-Ram and
Nabors, 1984) arisen from the immature embryos were teased apart under a

dissecting microscope and transferred to 100 ml Erlenmeyer flasks containing 20
ml of N6 medium (Chu et al., 1975) supplemented with casein hydrolysate (100

mg/l), L-proline (6 mM), and 2,4-D (1 mg/l). The cultures were placed on a
gyratory shaker at 100 rpm in the dark and subcul tured every 7 days.

Plant Regeneration

Cell clusters (about 1 mm in diameter) were obtained from suspension
cultures by sieving calli _through stainless mesh with pore sizes of 0.7,
1.5, and 2.5 mm, They were washed three times with N6 medium and plated onto
various regeneration media (Table 1): 20 clusters per petridish (87 X 15 mm)
containing 25 ml of medium. All cultures were incubated under 16 hours of



daylength at 2000 lux of cool-white fluorescence. The frequency of
regeneration was counted after 4 weeks of culture, In order to increase plant
regeneration efficiency, those clusters enlarged at the early stage of
regeneration were separated into smaller ones (about 1 mm in diameter) every 10
days up to 3 times. The regeneration frequency was calculated from five

clusters per petridish, All experiments were independently repeated at least 3
times,

Table 1. Regeneration media for plant regeneration from suspension-cultured
cells of rice

Designation | Culture period Composition
of medium (week )

N6EM | 4 N6 + 6 mM proline + 100 mg/]1 casein hydrolysate
(Sigma) + 0.6% Gelrite
N61NSK 4 N6 + 6 mM proline + 100 mg/l1 casein hydrolysate
+ 1 mg/1 NAA + kinetin + 0.6% Gelrite
DMS — REG 2 — 2 DMS + 2% sucrose + 9% sorbitol + 0,44 mg/]
(Matsuno 2,4-D + 0.5 mg/1 kinetin + 2g/l1 casein
et al, hydrolysate + 2 mg/1 ABA + 5 mM MES + 0, 6%
1990) | Gelrite (DMS = 1/2 dilution of inorganic salts
except KH2PO04, H3BO3., NazMoOs + 2H20.
| FeS04 + 7TH20 and Naz-EDTA in Murashige and
Skoog medium
REG 4 MS + 2% sucrose + 5, 4% sorbitol + 2 mg/]1 ABA +

1 mg/1 BA + 300 mg/1 NH4Cl + 2g/1 casein
hydrolysate + 5 mM MES + 0, 6% Gelrite

Results and Discussion

Initiation of embryogenic calli and establishment of suspension culture

After one week of culture, about 40% of the immature embryos began to form
callus on the periphery of the scutellum contacted with the medium. After that,
smooth, white, knobby callus, friable, transluscent callus, and wet, yellow
callus proliferated all over the surface of the scutellum, The first one was
recognized as embryogenic callus due to its potential to develop into somatic
embryos when transferred onto the regeneration media in a preliminary
experiment, whereas the others as nonembryogenic calli because they did not
undergo regeneration on whatever medium they were cultured. Initial growth of
embryogenic callus was much slower than that of the nonembryogenic ones.
However, vigorously growing embryogenic callus was able to be selected at the
end of the first or second subculture, After 2 months of subculture,
embryogenic calli were teased into clumps and were transferred into liquid
medium, After over 6 months of subculture, uniformly fine cell clusters were

_._64_



dominant over friable, nonembryogenic cell aggregates, Ozawa and Komamine
(1989) reported that when cells were subcultured every 7 days, they did not
undergo regeneration, whereas cells subcultured every 3 days were able to
develop into plantlets at a frequency of 90% in an indica type. In this
study, a high frequency of regeneration was obtained from clusters maintained
by subcultures of 7-day intervals (Fig. 1).

Selection of plant regeneration medium

On N6INSK, the highest frequency of plant regeneration was obtained (Fig.
1). However, on N6BM, most of the cell clusters turned dark brown and
degenerated eventually to death, with only a few clusters undergoing
regeneration. These results indicate that the frequecy of plant regeneration is
significantly improved by the addition of NAA and kinetin to the regeneration
medium, Further details were reported previously (Min et al., 1991). On REG,
the clusters regenerated more slowly than those on N6INOK, whereas on DMS—REG
(Table 1), most cell-clusters developed into globular embryos but did not
undergo further development.

Effects of cell-cluster size on plant regeneration

The middle-sized cell-clusters showed the highest frequency of
differentiation among the three different sizes (Fig. 1). However, 0Ozawa and
Komamine (1989) reported that the larger the clusters are, the higher the
frequency is in indica type, and Peterson and Smith (1991) reported that the
smal ler ones produced more plantlets in japonica x indica type.

Some of the small-sized ones turned dark brown and degenerated eventually
to death, whereas the large-sized cell-clusters proliferated with an increase
in volume for a few days. The large-sized ones, probably retaining higher

amount of 2,4-D residue than the small-sized ones, were seemingly arrested in
the mitotic cell cycle. Besides, these large-sized ones seemed to have less
chance to secrete the inhibitory substances that were released by surrounding
embryos or regenerating plants as suggested by Peterson and Smith(1991).

Increase of plant regeneration efficiency by separating individuals of daughter
cell-clusters

Each cluster at the early stage of regeneration underwent proliferation,
producing five to six aggregated daughter clusters., Each of the daughter
clusters was almost the same size as the initial cell-clusters. After 10 days
of culture, only one or two of them began to differentiate (Fig. 2). If rest
of them had competence of regeneration and were probably inhibited by the
substance(s) released by the surrounding embryos or regenerating plants
(Peterson and Smith, 1991), the individuals would differentiate unless

they were aggregated together, This assumption may be strengthened by our



results in which frequency of the plant regeneration from cell clusters was
markedly enhanced by separating the clusters into smaller ones (Fig. 2), which
support the suggestion of Peterson and Smith (1991) on a role of inhibitory
substance on embryogenesis., When the proliferated daughter ones were
individually separated ( about lmm in diameter ) every 10 days up to 3 times,
the total number of plantlets developed from the initial cluster increased
about 5 times in the same culture period (Fig. 2). These cell clusters seemed
to have more chance to absorb NAA and kinetin in the medium and to secrete
inhibitory substances.

Peterson and Smith (1991) had obtained about twenty two plants from ten
10 mg pieces of callus precultured on ABA containing medium in japonica x
indica type. In our experiment, about one hundred plants per ten 0.1 mg
cell clusters were obtained [ The weight of one middle size cell-cluster =
(1/10) x (1.09 + 0.15 mg: Mean + SD of ten replicates of ten cell-clusters)].
The total number of daughter ones increased up to twenty two from one cluster.
However, only about half of them developed into normal plantlets (data not
shown).

In summary, we established a system for high frequency plant regeneration
with uniformly fine cell-clusters via suspension cultures of japonica x indica
rice, Taebaegbyeo. The potential of plant regeneration in the culture did not
diminish even after over 6 months of subculture. The number of regenerants from
cell culsters per weight increased when the middle sized cells were planted and
teased into smaller ones every 10 days on medium containing NAA and kinetin.
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Eftects of ABA and the Total Inorganic Nitrogen Content on Plant Regeneration
from Cultured Cells of Rice (Oryza sativa L. cv Taebaegbyeo)
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ABSTRACT

A plant regeneration system was established from immature zygotic embryo-derived suspen-
sion cultrues of rice (Oryza sativa L. cv Taebaegbyeo) and effects of ABA concentrations and
the total inorganic nitrogen content(NO;™ : NH," =3 ! 1) in N6 solid medium supplemented
with 1 mg/L. NAA and 5 mg/L kinetin on plant regeneration were investigated. When microcalli
(0.7-1.5 mm in diameter) from suspension cultures were plated on the medium containing 0-
1 mg/L. ABA, 90% of them gave rise to plantlets through somatic embryogenesis after 6 weeks
of culture. Likewise, on the medium containing 100-200 mM inorganic nitrogen compounds,
95% of them regenerated into plantlets. Plantlets grew more vigorously on the medium with
ABA compared with those without ABA. However, there was no prominent interaction between
ABA concentrations and the total nitrogen content in terms of the plant regeneration frequency,
suggesting that the two factors act independently of each other in the promotion of plant regenera-
tion from cultured cells.

Key words - abscisic acid, inorganic nitrogen content, Oryza safivg L., plant regeneration, soma-
tic embryogenesis

Srg A 717 NEEES FANoR WA o e BRI ARoMHY wx Yo RSl u
BEANAAY 8RS Skl MR EFE A ool FEA LG Aol AckPeterson and Smith
Ssteld WPHELRE AFH AR J1ee FUE 199D, WS YTIde] U Hel wak AATHEA ¥

Barl o ¥e AL F2 ﬂlﬂliﬁﬂ“&‘@'ﬁ' &5t =7t #A3F 7A3e Aol Urk(Abe and Futsuhara,
o]FolX|=H| Ling%(1983)9 HI1E VFE sl FHT of 1986 5 Kim and Sohn, 1991).

Hol2H(Chen et al, 1985: Wang et al, 1987), & BAGAE] AAEEAAA ABAT Z7|EoHE A
(Abe and Futsuhara, 1986), A%Hl(Wang et al, 1987 st Heldoz HIFAH AAMEaje]l FAHLE whkdte &
Kim and Sohn, 1991)%} v|/d%¥i(Ozawa and Komamine, #H7t A Ammirato, 1971, 1974, 1987). %<iel A4l En
1989) T AMEESIH olo] H#Ig EBIIPTh 1y o] wrettAolA WA ABAS ol F7hshe AL o
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HAol ABAVF #o#HE AJAMITH(Kamada and Harada,
1981). =¥ ZE Picea abies® LA o] ABAE
e|sld AR-Eo] FAET oluie] AMEule RF
Ze]l wjep HEiFo =z ©& FAMSIA ETH(Arnold and
Hakman, 1981). 3232 pearl millet(Vasil and Vasil,
1982), Pennisetum purpureum(Rajasekaran et al, 1987),
243 (Close and Ludeman, 1987) TolAMx ABAZ} Al
FugAE EX@h E=F B9 Taipei 309 F58 i
Al ABAY Az AEsteol & Wiz Rz Ft
L™ (Torrizo and Zapata, 1986), 2L&¥%e ABA(26
mg/L) HeE Texas HFFH Taipei 309 FF9 A%

Al M e A RRE I*W*ﬁh%ﬂ'] 3-1088 F7H= A}

(Peterson and Smith, 1991).
TH wR|Fo Fr1AAQU FAAYe] pAu]go] R
F9 o8l didoez WS w(eg 3:1) IR54 BIFE
o) vldzulolA felE YA WelrmRy NRizel A
T3-g0] FAEHL 7|te] dEE AR3E JHA ] AA
= YA H A (Grimes and Hodges, 1990).

:ami B QAP olM7A AEHIL ojge Ho.
deizl e Arzsld HEE5o] HPHeT ¥
H]E*-:?‘*% ¥l olg MEFZRE ABAS F7134

24 KNOs# (NH,),80,9 &3uslzt vle) 4 L)

Al A E S| vRe GEkE

R s

Heo.
TS T ANE
c}.

WAL RE U B

FTHEE §EEY XA AulE HFE 4YEAY
V¥ (Oryza sativa L. cv. Taebaegbyeo) 2] ©A&FAE
70% Lol 5%, 25%% A" 4YL&ENA(4% sodium
hypochlorite) ol 404 A eldled JFHASIHCE HsR
3% Mg & SRH)E oM wjdsulh Feldle] 2
mg/L 24-D, 6 mM proline, 100 mg/L casein hydroly-
sate (Sigma), 2 mg/L glycine®] #H7F¢ N6(Chu et al.,
1975) LA|¥}=](0.8% Bacto-Agar)oll HiZHol H3twF |4
st Th 25Ce dEUAM uiddle WHAE F=F F
FTAZXRPL wiR| A 27 o R Al Ity LA uR
Ao A 2370 vikE BelA F sl dad BHAE
siF-E | B3l A AEEle, 1 mg/L 24-D, 6 mM proline,
100 mg/L casein hydrolysate(Sigma), 2 mg/L glycine©l
H7Fd N6 gAl =]l A 100 rpm, 25C ¢Z19 gyra-
tory shakerollA dEujioFatct. Ahujere dFd A
L8 FHen, HAR eiHoly dHH{UYo R R, F4

€ MERE AREE A o] &3

X250l O|X|z ABARt F7|EaAL S

el o g 7Y ol FRFQ HILMEE stainless
mesh® Z& A4 07-15 mm 37|18 AIXIHE sk

F AEYTA0 X 15 mm)F 2044 AgsAc AHS

¥ A= 1 mg/L NAASH 5 mg/L kinetinel H7}& N6
o) A (N61INSK) 2] KNO,¢¢ (NH,),SO,Z NOy¢ NH,' 9
$#H)E 3: 1(Grimes and Hodges, 1990)E 313 F
#ak& 10 mM, 50 mM, 100 mM, 200 mM# ABAE 0,
1, 5, 10, 50 mg/Lel &%eg Helstgct 2t Helye 3
iR o 7 stgom, w2 28T, 16A17F WRUeZ AA
st AR} vl 4579 65 F USH HE WA
o7 3Tt

(%) 7 &-3}-g = <M 01"&]-1%5%0%%?»%&*11 AER T 2100

MM Z8i 2| ZOt

ABAS} Fr7)A el #EFo| mE AAEIE FAN A
Z 10 mg/L ©]4¢ ABAY 50 mM o4 7|3
B2iaele Ae]raRe g 658 F  s|E-An| A Eel A
A zulgr Se)ste] AAZAAE A7l 94& N6 i
wiA]ol] x)438ld 23 F wolg-g ZAMSITh #ale 1
cm ©]49) shoot7} 7 LAY MM ZujE Lo RO
2 HFslgon wolge XA AAEH o i @
olgt MM T F& WEg2 Jehlch

XE|BA A

slREu] Aoz AE3E AAEuE FAA(formalin © ace-
ethyl alcohol ol AT F 1AL THFHoE
ethyl alcohol 30%*¥] tertiary butyl alcohol AlE|z=E @
78t paraffin® embedding®tHM . Microtome 2.8 7 um

FAlel MW 2 XE I Delafield’s hematoxylin & &2
FMsta] Fadn|Pow AR

tic  acid -

e TR £

Ml TURF-E B wiRbZ A A HelArt FAIEAS

o, 23 pAoE AduYsd 209 HH ¥ Hn vu

gk Wjant Bdle] e AREch, ek
A Fol ¥elo] wAzm ¥ dwste Zoprle Wejav)
worovl Ago] i vurgt WaAvl JeRdul o] e
28 A getoz Mdgded Adude AF




Pol me} BA BMAL 24 £E7 2780 ez

ozNE REY Bn ogst Wejas) dsulzlo)s

st 53 delzoz H#UdF HIE2 HY sy 7|71
© 2-37HY o] 7|{to] A8 EAct oA A
¥ OAXEES #EEYE HA] 670 A3 Folr & AR
&8 #FA S

A2 AE-shixUe] ABA F59 734 Ye
FTEF w2} & ¥HIE HYgou diFz ABAY FE}
R, F7144A0e FEFo] ¥ A FolA B JER

SH(Fig. 1, 2). WY 4F & H1 90% o4 H& &3}
£°] 1 mg/L ABA7} H7FE HelToA Jehded ole
A 2l8HA] ¥ 5o vdl 129712 F7E Ao, ¢
i 5 mg/l o2 LFEdAMe AMEIIE F3] HZIY
Cr. BiF7Ite] ZHojo| mel MRrHo g AEIEE 7}
StA=Y 657 § 53] 1 mg/l oMy 100%E vhepy oy
o= ABAE #H7IeHA] ¥ AHY 229712 Z719 A
ojcy, ¢ ABASE
off A Bt} zF3}A

A2l 2dolM= AelstA] gL 24

247h U S48 ARsigon ¥
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3152 g etk TWHE A nen] Akl 3t
wel shupe] AMEI M Hog B 52 HAHE T F
AN,

ABAE #H7IstA] %S vole Aoz 53T A4

ol g @57 oo AbSAS wol: ME:
kel FEoZ WY ¥ owua AUzt wese o
A wpagdEe wRY F AReM, =¥ 2

g Foo AAEA wlsh RA AUz wkol
2 weEo] e e SRIY + UANKFig 3). ABAE

10 mg/L °14 #A71319€ wole AME}ES 10% ©l3t=
o9 Agtor} 3ol AHFols Ao ujie] A

Q
Q.
ZRE wWolEtA “g-@— i A3 Fo Ue AAMEwE
8| F- o] Fdtoll M Y 5 UAY olES HEsq A%
ZHAE H7I8HA %S N6 ajufz]oA 25 wjgg 2
o F 74 el AMAEn] F °F 85%7F 'Woldie] <43
dgE .

UNHH O E Fiteel BAY A= MM Ew|EAYolM

oll&lir SejHown QFMF A A Ll

ABA+ Z7|olE

Figure 1. Plant regeneration from suspension-cultured cells of rice. The cells were cultured on regeneration medium (N61N5K) containing

different concentrations of ABA and nitrogen content for 6 weeks.

A : Medium containing 10 mM nitrogen content without ABA ¢ B © 100 mM nitrogen content and 1 mg/L. ABA (note that the [requency

of plant regeneration was 100%) : C . 100 mM nitrogen content and 50 mg/L ABA.
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Figure 2. Effect of ABA and the total nitrogen content in N6 me-
dium on plant regeneration from suspension-cultured cells of rice.
The ratio of NO; to NH,” in N6 medium was modified 3 to 1.

of #AE FEse AEFrE Aci(Ammirato, 1971, 1974,
1987). GAIFAEAME He WejlngolA 0.1-1.0 mg/
L ABAZS IS 79 ujdAle) Z7}313(Brown et al,

1989), B¢ WL FRAldx ABAE H7IFoEA H7
3lA &g o Bul & dize] wpigsAE & &
ATHKang et al, 1986). =g vl HehjUdMxEIE )
a2 &7|7) Aol 1-25 Ax Aexe ABA7F ¥
B oAupxlol FiEEosN Heudd M A
AAEE 78S FMNE F= UHKim and Sohn, 19
91). Pennisetum purpureum] FHMEvjAJoA] ABAE
el el Ae AL AAEL AMEEE F=FT
MU e] Z7]dolE oAt AAMEWE AdsAlZld
(Rajasekaran et al, 1987). ¥ <d-tollAfe wi#loll ABALG
HobshA] e wie efiv]e) FEllo) M ¥ RAE 2
Rl A M| EupdA b4 S sty ofuglent, 3ol
- W AEgEe 71T o AIYA|TE o] dATH
HEAQ AAQrulE A F# UAF RE AAH Ly

&5 7] olHel x7pgolste 2EAZ HEH7] o

o2 AzZIHEY, 193l ¥ X9l ABA HEolA vl
o} 65tell AEEFe] HAHS gt AL WA A
njAds AAEuZE ABACl ofs] Zvidelrt ofAxan
Ul 2 dgshs Alfte] 9tE Aog Hlth ojufd
38T ohlet MEAT AEPNArE F2E F
ZEIAUC wetx ABAT Eldivie] e AZ Az R

o A ¥ Mo X

=

AMEE Frdtn Z7golE AAsla M EuE A
SAl7le Aeg AAEW o]l WitEo AAY AEon
THE 3R HEd i olde] Bast g s A Fch

Ae-E v L] FrlaAYe] R oA ARSe) &
FeE oA Wl 65 F 100 mM ol H oA A&
3}&o] 10-20% %7k @4dol JEbwd, Hue &3}
&(100%) & H-7idAgEo] 200 mMS AMej-folfA viERk

o HutHoz ARLS 100 mMZA FAHI Ftal

of HRAE vERL Ilo]doAMe A ZASHHFig
2), F71HAHE 50 mMeldtE HrH ZdeiAMs dejx
7V do] HAEH, 53] 10 mMolAe dwo] 43t 6
FAY Fo= A Ze Aexvt nAEIdCH

F-71 A9 AAZuLAoA b} Fad wiAAAEE
sl Aoz de{x Utk Kamada®t Harada(1984)
Fite) A E ] delRgEe] obuizAte] dehd sl
et FALRERE] 80% olEE ZFEAREEAM RE o}
o e4be) oko) Z7HEHE YWASHIL, o)A wiARRE FF
g ALY JAIZEFH}Z Hol QHolM T Uy A
Aglo] el el Aaolal, fae] SV ols)
HAaAPL &gsAn] 1 23 wE M EZHo| o A
A EujEiAol dojdgn T &, FoAM FFH A
o] AMEuEA el HAzHQA Egt AAdiAbe] F
wHeg AtgEThe Ao}, zEln AEvtalel Be XU
ol | ARHE|Q AEA9] Aol wiAo] AHUIE
NO;, ¢ NH,"® 4]8°] 3:1-8:1 & NH,"9 u]go
dzog e 9o AEE 2 AAMXujutile] I
Aqung F7|ALYeZA NO, 9 NH, ¢ H|&o] A4
EopdAlel Fasie i FEFE IS FA g
i T (Armstrong and Green, 19853 Grimes and
Hodges, 19903 Talwar and Rashid, 1989). L&} o
g Huse 3 Aaxghfold £& 25 mM-45 mM
HAL FE T HYolAel H3THES B Folgp K
AT Me 71249224 NO;  NH,* 9] H|&& 3.1
2 oshal FEEE 10 mM-200 mM7HA] Helg A3k 47
12] greoll wlel =013k ARRLE2] Jolvh vubukal
M0] Fieel GoAl ARl N6 WA e AR
o] $hgxvE Zufivt W 100 mMollAl Hujel AN-FH-%
HEI T AL AAMZupdAAle] 4453 FAAadAE 4
WMo A2 HAY FH 10 mMoA e B ARy
- ARSIV HAED EEEt TARE Re A A
85w A Hu#o] BREFIHH7] wioz F3
ot remg A E-s viRpdel Rrlaigle] FFHE oA
wiR] uiQrM| £ 2 RE 9] A M EulAle] Fo3 Y&+
[2e Zeg AzZteEd. 4y AMaeld ABASH §7]dE4
el F¢F Aloldle AEZE UodA FEF FIAE
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Figure 3. Somatic embryogenesis of rice (¢l . coteoptile ¢ cr :

A . Somatic embryo at early developmental stage (scale bar=1 mm) :

coleorhiza + f] .
B : Longitudinal section of somatic embryo (scale bar =500 ym) :
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L,

foliage leaf + rd : radicle + sc: scutellum).

C . Rice plantlet converted from somatic embryo (scale bar=10 mm).

SPHo g A3 Yo L= Ao Abirgiuh
Huje] FEW|FHEZRE Fe¥ LFANE  vgslo
A2 Wejxeo] AYE3HES TE3] Murashige®t Skoog(19

62) HjA|9F AFR-EIHE o] 12-37%°] A|UA] 29t=dl(Lee
and Kim, 1991), € 979 A|2HE o|8E 7% A&zl

&°] F4E 2o AU oo uig Hgo] A A
zol Sl

© QoA eidnsie] HeuiY M EINZEE )3}
Hgk vix]e] HH=AHL 1 mg/L ABAS} NO,” : NH, 7}
3:1% F71¥4¢e] F ¥FE 100 mME & ez Y

EPton oo wjek 65 F AEEES o 97%0] ol2d

Ch, H§F o] ZiellA w} Al4o] 44 M Eu)ir A

el 4 AU, o] ulgh Al M vl itte] A4 Expe) ¢

> A AN (seed vigor)it 4t oy &ab o KA
Ve Aow Mgl

X =)

e o] ulAdssufoll A fefgt HetujodM a2 Al
HES]EAEE F9 AEA AEFJAAE H’ﬁﬂ‘ﬂiﬁi 1
mg/L NAA®t 5 mg/L kinetin®] H7Fe N, iLaljuj x]of A]
A&l nxe= ABA 29 Y-7|FHA9U(NO; :NH, =
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Effects of Growth Regulators and Osmotica on Somatic Embryogenesis
in Rice (Oryza sativa L.)
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Piant Cell Biology Lauoratory, Genetic Engineering Research Institute, KIST,
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ABSTRACT

A high frequency plant regeneration system through somatic embryogenesis from zygotic
embryo-derived suspension cultures of two Korean cultivars of rice (Oryza sativa L.) is described.
The optimum levels of growth regulators in solid medium were 0.1-1.0 mg/L. NAA and 5-10
mg/L kinetin. The frequency was enhanced even higher when the osmolarity of medium was
adjusted with 0,1-0.3 M sorbitol, 3-6% sucrose, and 0.4-0.6% Gelrite: up to 95 and 85% of
suspension-cultured microcalli of cultivars Taebaegbyeo and Hwacheongbyeo, respectively, pla-
ted on the medium gave rise to plantlets. Typical somatic embryos with distinct scutellum, coleop-
tile, and coleorhiza developed more frequently on media containing high concentrations of osmo-
tica, suggesting that the previously reported same effect by ABA is mediated through osmotic

regulation.

Key words: Oryza sativa L., osmoticum, plant regeneration, rice somatic embryogenesis
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Figure 2. Effects of sorbitol, sucrose, and Gelrite on plant rege-
neration from suspension-cultured cells of rice(O. sativa L. cv Tae-
baegbyeo).
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Figure 4. Plant regeneration through somatic embryogenesis

from suspension-cultured cells of rice(O. sativa L. cv Taebaeg-
byeo).
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C ° Rice plantlets converted from somatic embryos. Scale bar=
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