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SUMMARY

I. Project Title

Development of Radiation Genetic Marker Genes

II. Objective and Importance of the Project

As the approaching 2lst cehtury, a lot of problems seems to
threaten the expanding population, the global warming, the pollution
of waters, soil and atmosphere, the declining soil quality. the
population of the would will be 12 billion by the year 2100.
Desertification, erosion and urbanization gave apparently reduced the
arable land per person from about 0.45ha/person will be further
reduced to only 0.13ha/person. More over, Chemical problems and lack
of water affect more than 50%, and only 11% of the world soil presents
no limitations for cultivation,

After opening the market of agricultural products under WIO, the
foreign imported products are drastically increased in domestic
market. Farmers have a lot of problems to keep the domestic market in
spite of the considerable achievement during last decades, They have
to cultivate new competitive crops for the open market. Improvement of
crop plants have the most important roll in the domestic agricultural
industries. Even through the most cultivars have been bred by the
conventional breeding method, however, breeders have faced to limit
for supplement of the useful new genetic resources in natural
environment. New genetic resources should be created through the
improved cultivar and induction of new variety by the use of radiation

for solution of food demand and increasing populations, The man around

the world eager to advance the techniques of genetic engineering for
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crop improvement through gene transformation in conjunction with the
method of conventional plant breeding reached limitation. As the
principal purpose of genetic engineering is the induction and
selection of mutation and the expression of mutant gene, plant tissue
culture and mutation researches have been very important role to
develop the genetic engineering in the world, thus it is possible to
obtain new improved variety such as disease, pest and chemical
resistance and species with new useful agronomic characteristics, All
nuclear techniques will essentially need to develop for satisfying
these achievements. About 1,800 mutants have been released to farmer
as cultivars directly and a lot of the more useful mutants also have
been used as marker gene or genetic resources in the genetic
engineering experiments in higher plants indirectly on the improvement
of plant breeding.

Application of nuclear technique for solution of food problem has
been useful to provide an opportunity to acceleration of the plant
improvement, present research laid emphasis on the development of
techniques of plant tissue culture and on the induction and selection
of radiation mutation and on the evaluation of selected mutants for

the preservation of gene resources.

. Scope and Contents of the Project

For induction of mutants by in vitro mutagenesis, tissue culture
methods were developed in various crops. Optimum dosage of radiation
and selection of mutant was investigated to induce mutation by the
tissue culture of rice and sweet potato,

Embryogenic calli of Yulmi and White Star were induced from the
shoot meristem tip, leaf and petiole tissue of sweet potato.
Radiosensitivities of the in vitro cultured materials were obtained

for the selection of mutants by using in vitro techniques, Rice callus
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was obtained from the mature embryo and anther culture,

The calli of sweet potato and rice were irradiated with gamma ray
from 30~90Gy for mutation induction. Various resistant mutants to
saline, 5-MI, cysteine and proline were screened in the calli and
selected callus was regenerated into plantlets, Most of the selected
mutants cultivated in pot or nusery bed in green house. The
morphological characteristics were observed in field, and genetic

variation confirmmed by using RAPD and AFLP analysis

IV. Results and Proposal for Application

1. Selection of sweet potato induced by in vitrb

mutagenesis

Embryogenic calli of Yulmi and White Star were induced from shoot
tip, leaf and petiole, S-(2-aminocethyl)-L-cysteine resistance were
selected in order to increase the essential amino acid(lysine)
content. To obtain mutation genetic resource of sweet potato,
plantlets were regeenerated from the irradiated embrogenic calli and
AFLP, RAPD markers were used for selection of somaclonal variation,

Leaf, petiole and shoot tip segments gave rise to great embryogenic
calli when they were cultured on MS medium supplemented with 1mg/L
2.4-D.

Induced-embryogenic callus was used for selection of S-(2-amino
ethyl)-L-cysteine resistance and all of embryogenic single cells were
turned into non-embryogenic callus on the medium containing
hydroxyproline. The sensitive cell and resistant cell growths were
inhibited 50% by the treatment of AEC concentrations of 0.4mM and
0.8mM, respectively. The concentration of hydroxyproline is similar to

that of AEC only for the sensitive cell growth which was inhibited
50%.
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Plantlets of Yulmi and White Star were regenerated from the calli
irradiated with gamma-rays of 0, 3, 5, 7,and 9KR except the calli
irradiated above 12 KR.

Morpholagical variants of Yulmi and White Star were observed in the
plantlets derived from gamma irradiated calli.

RAPD polymorphism of Yulmi and ¥hite Star variants induced from
irradiated callus was much more than that of non-irradiated variants by
about 1.6~8.8 folds. In the case of AFLP, the polymorphism of White
Star and Yulmi irradiated variants was about 3.3~3.4 fold compared to

non-irradiated variants,
2. Selection of NaCl tolerant lines in rice

(1) Effect of NaCl, y -ray on the growth of callus

To select salt tolerant callus, seeds of Dongjin, Odae and Karncheog
were inoculated on M&S medium containing the wvarious NaCl
concentration levels. The frequency of callus induction in Dongjin was
more excellent than that of Karncheog and Odae, and the survival rate
of callus on the medium supplemented with 0, 0.5, 0.75, 1, 1.25, 1.5
and 1.75% NaCl was decreased as increasing NaCl concentration,
markedly reduced in more than 1% and the LDy value was 1,5% NaCl.

As the increase of irradiation dose, fresh weight of «calli

decreased and LDsp~LD7, of callus was showed in the range of 7-9KR,

{2) Selecticn of NaCl tolerant cell lines

Callus was treated with gamma ray of 3~9KR on medium containing 1,
1.25,and 1.5% NaCl to obtain NaCl tolerant cell iines, and survival
rate of callus was more increased in Dongjin callus than those of
Kancheog and Odae.

Non-irradiated callus of Odae died on the medium containing 1,5%
NaCl, but one callus survived on the selection medium in the callus

irradiated with 3KR and the others could not observed in radiation
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dose more than 5KR.

Survival rate of callus on the medium containing 1 and 1.25% NaCl
increased rather than that of control(non-NaCl) in treatment with 3
and 5KR, and was similar to that of control in deal with 7KR and was
decreased with 9KR in three rice cultivars, The calli of 1.5% NaCl

treatment appeared a wide difference.

(3) Durability of NaCl tolerant callus by subculture

For estimating the durability of salt tolerance in selected calli,
calli were maintained on each NaCl concentration for 150 days and
estimated survival rate of callus, Survival rate of the irradiated
calli(3, 5, 7KR) of Dongjin and Kancheog was increased two folds that
of non-irradiated calli on the medium containing 1% NaCl, Survival
rate of irradiated calli of Dongjin was increased more than fhat of
non-irradiated on medium supplemented with 1.25% NaCl, but survived
too few callus in Odae, Non-irradiated and irradiated-callus of Odae
died on the medium with 1.5% NaCl and survival rate of Dongjin callus
was a higher than that of Kancheog

NaCl tolerant calli cultured on regeneration medium for 4 months was
revived about 85%, but control calli died about 80% on medium with 1%
NaCl.

(4) Estimation of proline contents

The proline contents of selected callus on the medium containing 0,
0.25, 0.5, 0.75,and 1% NaCl were increased as increasing NaCl
concentration, markedly increased in 0.75% NaCl and the survived
callus on the medium with 1% NaCl accumulated proiine by eight folds
than that of control. Proline contents of selected salt tolerant
callus cultured on regeneration medium for 4 months were increased

five times higher than that of control.

(5) Plantlets regenerated from NaCl tolerant calli
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To obtain regenerants, salt tolerant calli were transferred on the
medium containing BAP(2ppm) + NAA(O.5ppm), The number of regenerated
plant of Dongjin was 84, Kancheog and Odae were 77 and 7,
respectively,

When salt tolerant calli were transferred on medium containing 0,5%
and 1% NaCl, the regeneration rate was poor as increasing NaCl level,
Two plantlets were regenerated on medium supplemented containing 1%
NaCl. Their plantlets grew well for 3 months on the medium containing
0.5% NaCl and turned into brown in leaves after two months on medium
containing 1% NaCl. When NaCl tolerant calli were maintained for 5
months and 11 months on medium containing 1% NaCl, 13 plantlets were
regenerated from the subcultured calli for 5 months but only one

plantlet for 11 months,

(6) Estimation of phenotype and salt tolerance degree in
regenerants

Control plants and NaCl tolerant plants were randomly selected and
cultured on medium containing 0, 0.5, 1% NaCl for ten weeks. 6 control
plants were turned into brown partially, two plants were totally
browned on 0,5% NaCl and most of plants died on 1% NaCl.

Phenotyphic characters of NaCl tolerant plants were observed a
normal leaf, narrow and leaf type, white stripe leaf, plant height,
awned seeds, partial fertility, complete sterility and rouge. The seed
sterilities of NaCl tolerant plants varied from 4.46 to 99.7%.

(7) Selection of NaCl tolerant callus through anther
culture

The induction rate of callus in Hawsung was higher than that of
Dongjin on medium without salt, but the induction rate of Dongjin was
two times higher than that of callus in Hawsung on medium containing
0.5% NaCl and both were not induced callus on medium supplemented with
1% NaCl.
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The callus of ca 1lmm in diameter of Dongjin and Hawsung was
inoculated on medium with 1% NaCl and was treated with y-ray. The
survival rate of Dongjin callus was generally more increased than that
of Hawsung callus after 40 day culture, The callus of two cultivars
did not survive in higher dose than 12KR after 100 day culture, the
survival rate of Dongjin callus was more increased than that of
Hawsung callus in radiation doses of 3 and 5KR, and was similar to in
7 and 9KR after 100 day culture,

(8) Regeneration from NaCl tolerant callus.

NaCl tolerant callus was inoculated on medium containing IAA(O.2ppm)
+ Kinetin(lppm)(1), Kinetin(4ppm) + NAA(lppm)(2) and Kinetin(2ppm) +
NAA(1ppm)(3) for regeneration,

Dongjin callus was not regernerated into green plants in all of
these hormone combination, and only albino plantlets were obtained.

NaCl tolerant callus of Hawsung were regenerated one plantlet in
the second hormone combination and two plantlet in the third hormone
combination. Both cultivars were not regenerated in radiation dose of
0, 3 and 5KR, Hawsung callus was obtained one and two green plantets
in 7 and 9KR, respectively, and Dongjin callus produced albino plant

in all of radiation dose,
3. Selection of nutritional mutants in in vitro

(1) Selection of 5-methyltryptophan(5MT) resistant rice

(Oriza sativa L.) mutant lines in tissue culture

1) Selection of 5-methyltryptophan resistants using rice
mature embryo

TO select an optical B5MI concentration, seeds of three rice
cultivars, Dongjin, Dongan, and Jakwang, were cultured on N6 medium
supplemented with 0~1mM SMT for 40 days, and then calli were
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obtained from various concentrations. Induction rate of Dongjin callus
was better as compared with others, and development levels of callus
were satisfactory.

Seeds of Dongjin cultivar irradiated with gamma rays of non, 5KR,
10KR, 15KR, 20KR, 25KR, and 30KR were cultured on N6 medium containing
0.75mM SMT at 27°C for 40 days in dark growth chamber. As a result,
callus treated with 15KR gamma ray had the highest induction rate, and
development levels of callus were best of all in 10KR and 15KR dosage
considering dry weights per clone,

The small pieces of calli were irradiated with gamma rays of non,
3KR, 5KR, 7KR, and 9KR, and cultured on N6 selection medium for 40
days. Calli of Jakwang cultivar were consequently the highest in
survival rate.

After calli were subcultured at twice, plantlets were regenerated on
Murashige and Shoog(MS) medium supplemented with different hormone
combinations, indolacetic acid(IAA), benzylaminopurine(BAP), and
kinetin,

Dongjin, Dongan, and Jakwang were regenerated about 20, 40, and 20

plantlets, respectively, and were transferred to soil in greenhouse.

2) Selection of S5MT resistants through anther culture

Haploid calli induced from atypical pollen of Jakwang on N6 basal
medium supplemented with 2mg/ £ «-naphthaleneacetic acid(NAA). They
were irradiated with non, 3KR, 5KR, 7KR, 9KR, 12KR, and 15KR of gamma
rays, and cultured on N6 selection medium containing 0,25mM and 0. 5mM
OMT. As a result, anther callus treated with 15KR gamma ray observed
the highest survival rates,

Survived calli were propagated through subculture at twice, and then

are being regenerated on the medium with different hormone
combinations, IAA, NAA, and kinetin,

(2) Selection of S-(2-aminoethyl)-L-cystein(AEC) resistant
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sweet potato(.Ipomoea batatas) mutants

Embryogenic calli of sweet potato cultivars, Yulmi and White star,
were irradiated with gamma rays of non, 5KR, 7KR, and 9KR, then
cultured on MS selection medium containing 1mM AEC at 27C for 40
days. Consequently, Yulmi cultivars showed higher resistance to AEC
than White star,

Yulmi calli treated with 5KR and 9KR were over 70% and 80%,
respectively in survival rates,

One part of propagated calli were transfered on 1.5mM AEC for
powerful selection, the others are being regenerated on MS

medium{ hormone free).

4. Alleviation effect by additives on NaCl stress

To determine the varietal responses for the alleviation effect of
additives, proline and putrescine, on NaCl stress in barley (Hordeum
vulgare L. ), six barley varieties were grown in 12%9mM NaCl, 129mM NaCl
+ 7mM proline and 129mM NaCl + 7mM putrescine for 7days. The
germination rate, seedling height and free proline contents in the
seedling shoots increased after treatment with the additives. Also,
the cell structures of the leaf sheath and the blade, through
microscopic observation, were stabilized by the additives in all
varieties. Putrescine seemed to be more effective than proline for the
alleviation of NaCl stress., In varietal response, the additives were
more effective in naked barley varieties on the growth of the
seedlings, and the Doowonchapssal variety had the most effective
response to the additives,
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Y, AREZ AR T et SEIAE FERR 7] diEel El o= Fof
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AEZHZTY A7 5EUY Max-Plank AE §F AF4, E5Y John
Jones Center, 1]=%] Mosanto, Dupont, A A8 Ciba-Geigy, Hx|-22]
Plant Genetic System, U] NIARS, =#HAH{LESo] gt} AYA:=
National Priority Program, 7JU}t}li= Agro Biotechnology Center7} <lof
e i R P B B} D B B R R Y A

1996\ d 79 A FHIYIPPLZ U HE KT VFES HE A
Al A 3,600 0] ERAUA 3¢ Fof AL EFAUHEE U "o‘EH
ojt}.

o] & 67«7} Hul, NGY, d&, TF T HAIFA 675 F3tL Qo]
°P"7/'}7<l AlE AFIFHIIYES BHIstA] RSt S-S AlAEAL it

AFEZIYol YsiA BT FFESS DFY IS otol X3 Ho]
7}—5-6}919-L} 1993358 S, Entg, F, Iz}, I3, gul, 32
871 & B3 F7HAlAM AaAE BHFACL o|EE FHEEE
F3IH S5 40%, EutE 14%, F 12%, 2=} 11%, 53} 9%, gl 5%,
E} 9%°|tHE 2). §F S HEL JAZALY S240] 31% 373 23%,
AN 22%, HEE 13%, 7]E} 11%0]T}.

e N Mo o[n

(i

. BRUE A

A AAY B B\ Il 26%= ATt A7 #i FAx|ola 25%= At
FEA oIy 40~60%= JHEol Aldeli gl Aot AERA wgy ¢
22 uGAR AN olF BH A Atje EAWIE AWzt AFIL A
= 2da, 8 BUs] o] Tofd a7t AYEL ot §F /R AU
NEFE AWUSIAL o] AIZFolM AEHAIZ 2Eol 1 BFH o AAUES
Uehls ZoE 43 A3 (Nabors et al., 1980), 53] JJg/dol] e 3
7} uf§ EUstA RgPx]o] AUATHFlowers et al., 1986 : Epstein and
Rains, 1987 : Shannon, 1985 : Rana, 1985 : Winicov, 1995 : Chen et
al., 1995, Ramos-Leal et al., 1995).

Woo et al.(1985)=} VWong et al, (1986)L 1.5% NaCl w-SojA] A g
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25 Atshe o 43I 3 AYAERNTE AEHAZ AFY dFEeE o
B Widol S71%t Zex yetyirh

Pandey and Ganapathy(1984)+<= Cicer arietinum?® NaCl A dgAE A
WD WS 1275 SASE A BAstch Salgado-Garcigila
et al.(1985)2 Ipomoea batatas L.&] W AdA e ANE dclz X
23kt 28y Chandler and Vasil(1984)-& 1,25% NaClo] ¥H7-H ujz|of
Al 30~40F5 ¢t NapierZ9] W AE iUl AL NaCl BEE 2%7HF|
23S o Y Aedes AANSAE U oS NaClo] A™ ujf
ol &Z2& ol Haoloy EAEL glolRon o] Aellofr] 2E3HA
71 AEY g day ARt guEs & Hadrh McCoy(1987) 45
Qte] wjf o2 NaClof] W& He €U AXFE AWste 237
AAEL ¢ WHolst wWatey oW AFTS Ugdel A% RERE e
U 2 wiRel ANE A% 4 @9tk stk Pua and Thorpe(1986)
2} Chandler et al, (1986)2 Beta vulgaris, Brassica napusoj X
NazS048} NaClujAl A AE HWUstd 3, Ye et al. (1987)-2 NaS047} A 7HH
wfzlo] Rele] & wiYgsted UYEAd HALE AUscTh Singh et
al.(1977)L abscisic acid(ABA)Z} NaCloj] thgl whufjAjxe] FHgAHL &3
sl &7} elvia FAstgth. ABAE NaClzh 26kDa whfal 3pgdoll 7=
e ABAE g Ael Toshe v izt JATL de AeE AAZ
t}. Eu}¥(Huang et al., 1987), Datura inoxia(Jackson et al,, 1984)cj
A cadmium WA AHIEFE el Wed JYdol F¢ A&HE 29|
=t

Proioneo] YA F7IX7] AU (Panday and Ganapathy, 1985 : Watad et
al., 1983) ZtAAl¥l= H3} (Chandler and Thorpe, 1987 : Jain et al.,
1987)7} Qcttsr B 318 u} Q131 Shevyakova et al. (1984)2 whule] A3
M EF A Spermidine F¥/do] 13ufLt F7HHThs AHAE golulith. Lone
et al. (1987)& H.z]2] ujujere] proline?} glycinebetained H7IjEL=E
A NaCl &z sloflA &7]4 Aol FIH: A& TP £ ddrh
Proline ¢} AAatdle EdRol:s WEAEE Ueldxxe RErh:s A2
ZAIEjgdch. Van Swaaij et al.(1986)2 ZIA}ol|A hydroxyproline =3}
HEFE AUt 43 proline AYBA AEFY Wi7bedg AAsdE
o o] A3 AREFL df:= NaClo] WAS UehWal 83 A EA Zof

N

off
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A gt AfAE Aol AL FRIEHE AS #EAY + Tt

Handa et al.(1983)2 polyrthypene Glycol(PEG)ell ifd el AEFE=
A2 Bad FgZo] A7|A Hol PEGUHEE HA Hrlx sttt Singh
et al. (1985)2 PEG2} NaClol] &A1 AHE= B i8] A= polypeptide
bandZ7} UEeEh}E= A& Eelstgt)h Conner and Meredith, (1985ab)x= &l
A LufoFollA aluminium WEAZFE AU 4074418 23 AEAE
doed BF aluminiume] Wi4E& Uehden 94 whIxY HS
Tt R 3stg Tl .

Preil et al. (1988)2 X-A Ae|¥t 3 AXufjodolr 2o g MXE
5 530 Orr et al.(1986) ABATZ} A2 UAol A= R Urin
FRA YL Heuss et al, (1987)2 2o UAHS HE ZZFoA BTC2E9
At Velle A bandE BESHATEH

0

2. AHF e Al [FA=F g

Z2t A3} oA e S5 chizle ulsf xa g ThAEA g F
£3 chla o] Hrh ey FRolE vlzdy @ 1z W4 oo
Ate] gtapo] Y2 Zo] gl HIFof lysine, tryptophano] W3l F-F-of
£ methionine, cysteine #2 olmi=ito] WA JiE gt 2AE SF
ZHeol &3 FF A i LS woleis o] olojx Sl EQ
Hol &Fof o3 lysine o] ¥ S, He| AEdH uwp gley
(Nelson, 1968 ; Bright and Shewry, 1983) E33|x FafAdo] U3, HS
ol %t AR Eo] Tt A-&3EZA Rl

22 DNA Y 7le® FA AA DAY AdF JfHS ¥+ U= B
2} =9 J Wdol JigE otk FA AP AL L3f/gdol] st
o 834 globuline, UAE& &3[/3Q prolamines, 4t T el &
344 ¢Q) glutelins, 8421 albumins® }rFo]x|&= of globuline2 #A1¢]
Al Z2] Aol FHA whfjdolr}, o|&2 FAASFE 11S, 75, 252 £F
H32 Qrh F2 AR AL amide amino acid¢l glutamineZ}
asparagine®| JFF-5td A 40xe] izttt 7 FA AFY e
sulfur amino acids#|2] methionine, cysteineo] A eE2 Qth

Cysteine2 F-EAH2E methionined th4lslZ|E gicl 3aHF = chayzl
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L o 2 g olnnibE FRIE ol 1.5~4.5% lysine, 0.8~2.0%
tryphtophan, 2.7~3.9% threonineS %73} Qlth(Bright and Shewry,
1983). FAQoA F3HE o]& "4 ofui4ite] o]Aat3 ¢l §2ke methionine
3.5%, lysine 5.5.%, tryptophan 1,0%, 4.0% threonineo|T} <o AR 7
2 WHo|F FPrFY Hol AEFY AL A= & 5, 63 Zr

1) ofujxeat @343 ol ofufie4t analog VA4 5

Al 2] MY Fols oluli4l analog?] WAFE dBEYY FEH
718 chd] "ol Fel=aL gl et Hold Helof o3t UiAd
ojF2o] fii dlE Hgtov A4 WHolFIt WGHEE Y HE9
S8 AuiRo] st Bzl Yok BE ¥old Hals Woly W
=S Eoluy E80] HI vl oAl Cellag} Ladarola(1983)e] 2]3H
D. carota®) 5-methyl tryptophan U432 28I AZgMutw 3,3x10°
olr, AteJHZAL (3,600 erg/mn’) SR oF 11¥§2) 3.7 x 10771x] &t}
3 girh Widholm(1977)% Z2 F =9 WHolgl] Ao THsn gt A
A7} olu]x4t analog AFAHE YE3t:= 717-EA 713 67l B A2 3
A Auz {719 Al E5EAL thA} analogell A¥ste otu|:=ate]
JAgatoltt, I uFel FElH HolFY HAE ofgFe viay of WA
F2l oS ZABH= Zlo] Bt FAXE Fo] Qlth. D carotad] Al
EE o EW ethionine WEFME FAAMEe] uwlsle] 10819
methionine©} hydroxyproline WAFoME= 15~30u2] prolineo]l =
5-methyltryptophan W8 FoflA]= tryptophan ¥are] Jgdeo] HAxof v]slo
Asdto] AEFo ulel of¥Y AL 2ulofA 8ule] F71E Kt} o}m]
X4t analogell &g AMxte] BAA ] 2hE-2] U2 AEH0|Z] R3ld £
He] chAPESQ otn 4ty -G8kl Fuiske 22 oloji:at analogd] A
SRS AAsts 23 diEelzln APHL.  BAFA AHRoME ofn|
Aate]l MAALE AFAIES 2T feedback Aol &isld ZAH I girt.
of7ic] tryptophan®] Al 2ol T -G8 thrlA HXe] Jisia
B2tE =
anthranilic acid 3% ELE tryptophan off 2]sfof ZFslA] A sfHct 2@
o N, tabacum D. carota, Datura®] 5-methyltryptophan U3 3o] tfs}od
ZA1 AdaEe o= ALE P {8 tryptophano] FEHFo] ¢lo]

fr

gk 2
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anthranilic acid ¥R 4L FAo| &3 Fo| tryptophanef T3t Zb4
ol Aststn glglth EABAY 50% HHE Yo wiY tryptophan &
=% vj2shd WEFY R opEFo H|3lo D carota oX& 5¥f, N,
tabacum o|A= 108f, Datura?] ol M EFor= 208]8 =& TLE
gl

ofu]icAt analog Wi FollA 2] Aabste A2 thAl analogell 33 Z
3l ojujic At Buk2 olutr}, 5-methyltryptophan W8] D. carota®
A|XE= tryptophan ©o|&joll proline®] F3Ao] Fra=x 9Qlo] 2-analogql
acetydil carbonic acidoj| = WAl o] algjrl, N, tabacum?)
glycinehydroxamic acid A Fof A= glycine ¥3t ojL]sl A ojujal
F3ero] 3,68 Z7bst QYlTh I olHE2A 53 olnjialute] Z7}s}
o] olmxAt poold] EFB S RSt UXRF ARI} I AAY o]
gkm AEEn gou 1 7l BushA ok |

g thE 712N AdEY AXE Uy Fage o &gicia A
ZtEl= A7t ddrh adEd¥els olA|RE D carota®] amino
ethylcysteine WAISFLU N, tabacum®] p-fluorophenyl alanine Wj/3FoiA]
= otuji4to|u} analog?] F4-@/do]l VA3 AHsisla vt F48 Hk:
7t 53 ojujicatgio] oplil HA| opu|iit F47t A3t Ze oA
7}A] oluie4it analogel THIAME W3S Eo|A Hrl olof st A
sylvestris®] proline analog UAForx= proline?} acetydil-2-
carbonic acid®] Fa/dnto] ofdF Y 1/42 A gt FE44
AHshe Mxut 4 H3te] 3 A Felrt. 1 It WHolFY FR
of wiel et HEA= U2 AeE PHHLh

o A& hfdFolles UES 3 B ER4EH ¥ F 7 v ¢¥
22 glon} BN o va3 ¢l o|th Berlin} Widholm(1977)
& N tabacum®] p-fluorophenylalanine WAF o A2 =H3Pslo
phenylalanine amonialase?] &Ado] A 3] Ftisdl g Zo] Qo] oA
of «ytste] AHZifof phenold ZYEL F3o] dojUa Sl RS E
St} o] FA+= phenylpyruvatel} 2of AAFst:= 22 chrAY AlTARZ
A AlBME 2% A4S AUl 9leLv} phenylalanine o]
p-fluorophénylalanineﬁ]i Zt231= Zlo] d3A it wely o] B4
B85 7= H548°] U= analog?] EZA 3ol A7 o= Zoletz B2E
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o] 3|53 z2L3l= Aoeg A gt

FEUE Y YUY HOHREST Foe Bl wjgFe o HAe
Adsls Zol A ok AL 75 AFT u Yrh U BH“*KﬂEOﬂH
HEAIZ] AEAME A3} “4013‘%0] A= s dE grh 3 df
T3 YA E o]Fojxj glth Carlson{1973)& N tabacum.-l ﬁ}""\"
Aol EMSE A 2|3to] methionine 84S HuAZhAch ey Aty
U Holf ufdFel UAS AAdstdoy 33= 2uixe Zﬂ’ﬁ*‘”ﬂl)ﬂ
£ Ugo] fAIEe] gldltt o] 35 WHolAEL opgFe}l mujste] {3
A S el 25 PAdREY e AL = Reg uhx 13
2708] d8AA7E Bt AR BAEI gith olm 4t analog U
gFol A QPN AEL 53 88 Ro] sl=ul o] N tabacum®] U
BAFEE 3 % doj, AREAEL methionine FR&} -§AIR} Pseudomonas
tabaci®] HAddx 3PS et ZFo] F-F3t pethionine IS
F7HFle AR QAR HolE o] &3le o|Fojxa gltl. Hibberd
o} Green(1982)—% azide A et Z mayse] AMIXolA lysinez} threonineo]
UEE Ztes HolFE Eel3] Yol 1F 13E: AYYEJME UAES B
s}, B:lo]..,_,,] lysine §32 ofFF9} Xo]7} ¢le} threonineo] &3
2 BAL ARAEANMNE FAFHL o 53] FHoME= threonineo] of
A AMESETE 75710000 REo] gtk o] uiAde gl ERtY auj
of &J5te] SAFPAJA Zo] H=E ATt -y} MEtAofy Aud 38z
o] A Eel YARUTt E 2F o] LAS Frio FAcin e ¥
4 Qith. Schaeffer(1981)+= 2-aminocethylcysteineof Al w8t 0, sativa®] j
oM AEAAY FAENYAZY lysine Hako] 10x F7isla U= A
& HIstn glenl e Aldoxe of¥¥I ALl xzlo|rt ¢ldch
Bourgin(1978)2 N. tabacum®] Wr“d protoplaste] ZX}HL ZFA}siS
valine YASS 4dou 33 2F&= AAHEGHE UW4ES fA52
aglct. 2528 AP Ao FefHQA ol gldou 1A 2ui(2n=48)4g
=d UHRE §¥EEYelH YA oliolditt. ol FHE LA4¥Aolny
Mendel 21¢] §-ALS 3tz algdrch.

HLZ AN §HES ol 8% HEAE APoME olu|4l analog g FolA
E EFE  olFojxlzx gt}  Harms 5(1981) D carota?]
2-aminoethylcysteine 1§32} 5-methyltryptophane UAdF2] QAP ANE

r(r

o
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PEG o2 F¥AA th4y 2% UAdHFE At g sy 3
ZAELE A7 GEo] EAsIR] ot wiR|oA uwfoldt Fox F/o] &
2E) 3 gt AEAHRY FHAFE AR oL} Ay Ro] cfF
Bojn] 1 geof 2ujAl, 719 ol¢AY A= E{EF gt FIHA
Qo] 4y §HFoIE UL Q= AL o= F= 944FHA A& U
12118 RV Aol

2) WAt 7] analog WAZF

Purineo]u} pyrimidine®] analogoll A&AHE zte WolFe ofuiat
analog U4 F2} o] A RE FHS E3 J4Lrh

=29 AR AE WS BURC|L} 8-azaguanine WAFII FelE
gl oL} ha} yALS thymidine kinasel} hypoxanthine
phosphoribosyl transferase?] ZAge] wtE Fo] wcl, o|l& Z4AE ¢lofd
purineo|\} pyrimidine?] analog?} 4% ZEAZE AA nucleosided] tf
Aol EoiZ 471 glch A EAEME BUdRO|U} 8-azaguanine Wi/dF7}
EEd e o SEARXY FAT W77 dAs iU 8A7iA] A
I g ABEYAEFY HFEES FTEAEYE tih e 71N WdES
HE3L A o] Byrt G max & A pseudoplatanas®] BUAR 4= ©f
LZ% thymidine kinase &4o] Qlo] thymidined] F+Xx AHAteldct. A
pseudoplatanas®] 8-azaguanine /o= phosphoribosyl transferase?]
ido] ofgFe 502 A5t Qlgdeu Ude dEsieds FESHA
oltl. H gracilis®] AXoJME 2318 UAF Foll & B0l UAHR
9lt}, Ohyama(1976) G max. 2] BUR 3ol cthsie] BARLS TP
S& thl AEY @ ol UME7E obiFel ulslol 3ujel thymidylic
acid(dTMP) A& A2} 50uie] dihydrofolate dehydrogenase ¥AdE& Zt=
A FAastd WgdY sl 238 divpe el gate] &gt Zoletn A
2= 3 gt

HAT uf=]e}= A& hypoxanthine, aminobutyric acid, thymidine® ¥
= wiRlollA SEAIREY AAEZF Adel 3 o]&HI gith. AEAHE
o = HAT x| o]&o] AHPEHI 9oy AEARES BUROIY
8-azaguanineo ThEt y U471 FE BEY 729 A dXEA] goE
Z, HAT uiz]oiiAd 8] W8 Fe] ASE AxFol wiel &t ¢S &2 JdF
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of st =7} B asict
Z. maysollM %9 oz analog WEF7l ZelHa gl 2FdE
EQtA3t A s glor} Aely EFog A= dihydrofoiate dehydrogenase
o Aol At U= R of T4 ¥t analogel thgt Zsgeido]l
o Zlo] UAFcE 4EY FAEE RABIZ ey ydE
A £ Qe AxY Hole= gt it analog AT A3 AL
A ZAHA] skt N, tabacun®] BUAR g Fold = A EL] 2ufd
&gty f/dol AP Mol Mendeld FAE st Q5o FHelxdrl

3) ZIEt uig 2 B3I} HolMEF

FAA AT Foll streptomycine VAo thslo{= Maliga 5(1981)0]
olgto] AFAI3] QFEglTh. Streptomycined YA st Qo =
AELE AR GEA ] it 2Ro] didEg et N tabacumiA F
g UG FolE 4EA DNAo &3t AuiElE A2l fAE st 94
t} I8 N sylvestris®] WA GSAXAA EIEH UYAFTE dAol
H Mendel4] #3& 3= 22T RuF gt

Catt(1981) AEAXHo] o]4o] Q&= Wo|FE Ees7] ¢sld AX
¥ JA0 wix[] W&ES o] &3I4t D innoxiad MEY Fo= dste]
4} phosphatase, B -galactosidasel} B-glucosidase Ho| &x|3}x|qt At
HZAHE olE Aot AEH2 AYRsta glo] wjx]Fol felsf ez
ettt J%d WHolHRAME o] BAE MEYLE WE= Zo] 9lo
Achel e Folx 2 B-AES RFelst s Rl 7 1 ARxFI Be=Hd
ch.

dutg o2 uwfgMEs MY E glucosed] dlYEIL Qo] 7lEl ¥
& o] &Y F gl Zeo] "rh nAEdAME BeHEY o85S Fat
ey dAolgla It o AESors ol U A3t vz
At} 6. max. oA maltoseo] BEH 4 Q= WHol|FIt EMS Hejof &3}
of R oy I AR AL HAES] QA QUrh. N tabacumdi
e glycerol & ©]8% 4 gl WHol7l EelHa it o] AL 284
Sl AR ¢gtor} I A &AM {72 el AFH]
34 sides £A4FAA Ho] w3zl



0

A3 & dyie s ot

A 1A, dFU-g 9 Wy

1. 7ule] 7l SdHo] x5 Ay
7t. A EA4% 2 A

2 d7e] AEY BAEEE 27 White Starst Sulolm, dNTPS} DNA
Tag polymerase= promega®l*], RAPD random primer (12mer)+< WakoA}ollA]
ztzt FAUste]  ARR-S}9d5l(Table 1), AFLP oligouncleotide adapters$t
preamplification, selective primersi= GBCO BRLoJA F¢3}&itHTable 2).
2 99 x|e}2 Sigmartel BUSALZ B F¢lst4lct

(1) Embryogenic callus®] %

AFul £71E uiriojc} el AR 4 e, T2 Fof 3~4A% F
& AR EUATES 3171 sk 70% oigkZol 17, tween20 ©] 2~3
u-& M 7FH 3% sodium hypochlorite §<foflA 107 ztz} He|dt vhs 2
T FF+E 53 FAlskrt

At#¥ ujrlE MS(Murashige and Skoog., 1962) 7|2ufix|ef] X|4tste]
olZ fEsiarh WolH {AEAY FUEERF(1~2m), ¥} &
(5mm)S 0, 0.5, 1, 2mg/L 2,4-D7} E7}8 MS uj=]e} pH 4.7, 5.7, 6.7 &
ZA" MS uvx|of X|At5}e] embryogenic callus& fFE3I4r. F=H
embryogenic callus= 1mg/L 2,4-D7} 71 MS uwi=]eoff Acjufed st

(2) AA gy F5= 2 oluli4l analogue A3 A

Athuf ot embryogenic callusE WAE 2A 2E F, lmg/L 2,4-D7}
719 Ms HENMIXIE 100n018] 42t EclA3E o] &3l 26T oA
125 rpn2 2 ZESI Atfufol 23 ZtF o s £33EAM ThdAMRY F
Ng fEstdch

ZA1E I HEE Img/L 2,4-D2} 0, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 1.2aM ¥
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Table 1. Random primer sequences used for RAPD analysis

Code 5 to 3

B2t AAG CCT ATA CCA
B22 GGT GAC TGG TGG
B27 GGC GGT TAT GAA
B31 CAC AAG GAA CAT
B32 ATC GCG GCT TAT
B41 GGC GAG GGA GGA
B43 ACT GGC CGG CAT
B44 GAG ACT GCT GAT
B45 ATC AAC ACT TTC

846 TCC TGG GGC GTT
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Table 2 . Oligouncleotide adapters and primers used for AFLP analysis

Eco Rl-adapters® CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA
Mse |-adapters® GACGATGAGTCCTGA
GTACTCAGGACTCAT
AFLP primers® Fco RI+1 : GACTGCGTACCAATTIC+A

Mse 1+1 : GATGAGTCCTGAGTAAT+C

Eco RI+3 Mse 1+3

E1 GACTGCGTACCAATTC+ACG M1 GATGAGTCCTGAGTAA+CAT
M2 GATGAGTCCTGAGATT+CAA
M3 GATGAGTCCTGAGATT+CAG
M4 GATGAGTCCTGAGATT+CTC

Primer combinations analyzed in this experiment
E1/M1, E1/M2, E1/M3, E1/M4

a : Eco Rl and Mse | adapters were ligated onto the ends of restriction
fragments of template genomic DNAs,
b : Eco RI+1 and Mse |+1 primers were used in the preamplification of

template DNA. The ARLP fingerprint was generated using Mse 1+3 primers.

_.37....



1.4mM S-(2-aminoethyl)-L-cysteine(AEC)&} hydroxy-prolineo] E7}H MS et
v zjoll 71 F wald 90 Gy ZARSE TRS embryogenic callusE %33
33 A=A 54 E& AT

(3) Embryogenic calluso] %A1 X2 % somaclonal variants §%

5% embryogenic callus& MS ZIEufx]of &7l ¥ ¥AIME 0, 30,

50, 70, 90, 120 Gy® 180 GyE ZA}3] somaclonal variants®] Bjefd E=
< 2AlsigTh

L}. AFLPS} RAPDE o] &8 AAX Z 22 84

(1) ZE2A 2] genomic DNA F&

Genomic DNAE Saghai-MaroofF (1984)2] ¥hH S RZ HY sl FE314
t} 2FulE olEF dAelgt ke Ad=RF 128 AT FA] A ALE
ARESt d7l thg HRRAbUOA upafste] 50ml QAET &N F
10m1 8] F&-L2-4(50mM Tris-Cl pH8.0, 25mM EDTA pH8.0, 0.35mM sorbitol,
5% (PVP-40) polyvinylpyrolidone, 1% sodium bisulfite, 0,2%
2-mercaptoethanol )& 713t thg, 4C HAE7idA 5,000rpnlE 10%
¢ ddResignt. AE3AS HE tiSol ol pelletE F& £
(100sM Tris-Cl pH8.0, 1.4mM NaCl, 20mM EDTA, 2% CTAB, 1%
2-mercaptoethanol ) 22 TR o 60TojA 30F Tt vk T Eake)
chloroform/ iscamylalcohol
(24:1)& 9al HAM3] 5& B¢ 3L, 4240A 5,000rpno 2 102 ¢t
J[AEze stedch o] FAE 23] NET F g3 2/3%8] isopropanol
< Y3 DNAE H4314ch

43 DNAE ARAN F Inl8 HIFFE Y32 ¥ chSol RNase
(DNase-free) 25/u& Y3l Fw3] EUT TvhE 37ColA 1A ¢ vES3}
grl.  %2ke) phenol, phenol/chlorofrom/isoamylalycohol (25:24:1), chloroform
< 22z} 137 A28 chSol 2/3%F2] isopropanolS Y3l DNAE 3|31y
th. A 3H$H DNAE 70% oRIEE 23] Al B7E ¢4As] AAg o}
Soll 400p8 TiErol o] 3% RUst] AREstort.



(2) RAPD ¥4

AE3 AENZHE 2% genomic DNAE ©]-&3te] Tzt Zro] RAPD
BALS 483igch DN $34HES ¢15te] PR W84S & 25uhE 71E
©o% & uf DNA 15ng, 10X PCR buffer 2,548, dNTP 200 uM, DNA Taq
polymerase 1 unit, primer 0.2uM, MgCl, 2aME 718l EYUES UEHTH
Thermocycler:= Perkin Elmer 480& ApR3lglon, FEZZAS 7)o 94T
ol A} 5% %-¢t denaturationS A]Zl F 94T (denaturation time) 53, 36
‘C (annealing time) 30X, 72C (extension time) 12| BFSA|ZLE & 55
cyclesZ ¥ F upA|Yo g 72TCoA 5% F¢ whgA|Zct ¥kg ¥ vEE
Z 20L& 2|8 Tk 0.5X TBE buffer} 3 7}H 1.5% agarose gelolA AJ|
3} ethidium bromide(EtBr)E @A ¥ UV transilluminatorolr &3
DNA polymorphismE #<Qlstgct,

(3) AFLP &4

23t ANEANSHE FFY genomic DNAS ©o]-&3le] Thazt o] AFLP
2o 435t cHVos et al., 1995). & 3SR HL2 500ng?] genomic
DNA, Eco RI(2.5units), Mse 1(2.5units)?] AHA A, oz dF4E I
7ysto] Ejigt 25u4& 12x]7F wkg3t ¥ AftGAE EF/E s7] A8 70
TollA 158 F¢ tgA)zct. ¥d3] AHH genomic DNAO T4 DNA ligase
buffer 2X, T4 DNA ligase 1 unit, Eco Rl adapter 50 pmoles, Mse 1
adapter 50 pmoles, UM Z] WF4+E T3 254 AH7ISIAL 37TolA 44]
2t Qb  adapters® ligation¥t F RISES  10uf 4T}
preamplification ¥h$-& $18f 514E 7|EoS g of, $12] 10uf 3jAgt
template DNA 542, 10X PCR buffer(15mM MgClz) 542, DNA Tag polymerase
lunit, ANTP 2.5mM, Eco Rl primer 30ng, Mse 1 primer 30ng, HIF+E
74t ¥, ERES 94T 30X, 56T 18, 72T 184 RALE 203 vh&3}
3, ¥hgo] Bud HIE4Z 108 343yt

Eco RI primer 3P}E AMEYsled Ty kinase buffer 1X, T4 kinase 20
units, 7 -P ATP 10448, Eco RI primer 500ng, Uz dF4$& Z33t 50
& 37CAAN 1A17t T¢F EX|3}%ct. Selective amplification:= 202
71Z0 2 108f 343t template DNA 548, 10X PCR buffer(15aM MgCls) 2u2,
labelled Eco Rl primer 0.54£, Mse 1 primer 30ng, dNTP 200 uM, Taq
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polymerase 0.4 unit, Ha$+S ZYS HAE HT 60X, 65T 60X, 72T
90z 13 TAHT ¥, 93 S amealing LEE 56T 104 Wiy
A|8B3LL, 94°C 30X, 56C 30X, 72T 187 333 ubE3sto] DNAS A8t
gtrl, FEZFH DNAS 95TCoA 527t HAA|A denaturing polyacrylamide
geloflA] 1,700VE 3A|Zt A719F F X-ray WE 3¢ 5¢ =2AZch

2. X NaCl A3 AT A%
7t. W dsufeA WL {7

= Ao AMSH 2B 2, HE, uivg d<sujoln], AdSufoN
B A S%= 5% sodium hypochlorite £<fof 158 XA x| X dF =
T2 43 AN ¥, 2mg/ ¢ 2,4-D7 F I NewiRle] 178 x| Absted A
H2E FI7IAFAS, K712 dL2E 189 Alvujds 53t F4stgrnl

. el BSo] U y-rayd] 13

Abd ZARs B dF o] dud Ycodgoes of 1me ATy 29
AE A {r)uRlo] XA T 0, 3, 5 7, 9, 12, 15KRE RA}gH ¥
40y Foff AAFS 2T
o}, HdejA FSof ot NaCle] F2)

HAYAE & 1mm 27]E HTEE F NaClo] Zzt 0, 0.5, 0.75, 1,
1.23, 1.5, 1.75%8] F#Eo= 71 AL ufdulR[(Ns)oll A v Fste 40
d F e Ar FEESS RABLIL Ixoj oM FEF PYAE o]&
sto] u] WA Za} NaCl i AlES Aie) o] &3¢t

g}, NaCl #A|3}3 A5 A

whapd o]l Ui A AE Awstr] ¢isted 1,1.25,1.5% NaCl o] ¥



¥ wixlo] WIHAE XA ¥ WANE 0,3,5,7,KRE RSl BE
& 409 Fo 1xt AL Al& Ahufasie] 1504 wofl ThAl 5&*}6}91
1=

ul, J&dgd s @ AE3A 2] proline HFSFH

Proline 8 &AL Troll & Lindsleyd ¥y& AMR3sigch Ay A
1gol] 229 ¢) MCW (MeoH : Chroroform : water = 12 : 5 : 1) 5m¢S 3
7Vste] WY AE npAl F 2000rpmoll A 1027 HAAd-2elst 45 2me
2} acetic acid 3m¢, ninhydrin reagent [ninhydrin(g) : acetic acid(mé)
: 6M phosphoric acid(mé) = 1,25 : 30 : 20]& Z¥3t F 95Coir] 4568
Zot ZEISt T}l spectrophotameter& ©o]|&31o] 520nmoflA] proline &
FAstgtt. EFEAL L-prolined AMEstch

ub, o] ofeflA] AL {7

W o]ty MuhRrl A ot A dA S off (10cn)F 1¥7]
of siste ok Aaistel TN 10€ F¢ A2Aegt ¥ NAA 2ppno]
XU Neufx|o] X|Agt ¥ AHAE [7)sHAT

A}, of e oA NaCl A FF A

718 AYAE 1% NaCl o] R{-H wixle] XA F PApd
0,3.5,7,9,12,15KR & a|s}o] NaCl =3t ZAE AMwstgn Aws na
2 1008 F¢ AlchuieF sttt

of. ¥ g4 dejLo] A& A

NaClell U4d-& xd AYAE ASAHE 2fE3HA7]7] ¢48f 0, 0.5, 1%
NaCle] E71® x§&3} wix](MS + 2ppm BAP + 0,.5ppm NAA)ollA ufokste]
shoot B rootE fF=5l%th LA FAEA= KMSElR| A 10cn

A% 718 The ARolN BT Qate] FAlstert,
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2}, oF Ugd Ase] AEN u3}

)]

NaCle] Ujd& Ad HelAE AEAZ AEEA7)17] $is) 23} vh=]o)
A 8ieFste] shoot W rootE RHESHATE  AEHE KAEAE KMSuix]
oA 10cn WA= 7] & they Z20A e3sta gditzate] FAsigcy,

ZhMo A23F A 22X 2 Jdd 3= 2 848 =4

et NaCl A ¥d 2oy AEEH AEAS 0, 0.5 1% NaClo]
H7HH MSuRz|ollA 10 F7¢ wiekst & e AEE XAsIg R Z AA
A T F2Y BYE

=1 E“-% }—*}5‘]’93‘:]’.

3. 4G a8 AXF Ay
7}. 5-methyltryptophan A8t M X F b

(1) W d5uf& o]-&]t 5-methyltryptophan A 3}d A

U ¥ FFY 539, T, AREZ(EH)E 3ITFS okl
70% ethanol & A4l ¥ 10% sodium hypochloriteo] tween 40& 3~4u}2 o
oyl Aoz o NEZ FALES ATt A5H Fa: dFFER
AlAg % 0.1g/£ myo-inositol, 0.7g/£ proline, 0.1g/£4 casein
hydrolysate, 30g/ £ sucrose, 4g/ £ phytagelZ} hormone(2mg/ £ 2,4-D)S
A7t N6 Z]2uRA]e]l  SMTef  iigh  Aug A EE A=)
5-methyltryptophang 2}z} 0, 0.25, 0.5, 0.75, 1mM B 713513 2RE |4t
Stod 26C 4781 growth chamberofl A wjdAd YA E {7519l

AL o3 HIEAAEfE 5-methyltryptophanoll tidt ZhgAdo] <)
= thE ALe® AZEo], tiR&F-(5-methyltryptophan free)ojlA] f-7]1¥H
A A8 2mAV|E A el ZZ 0, 0.125, 0.25,0.5, 0.75, 1mM
S5-methyltryptophang -3 A7IviRle] &A ARE ALY FAETE
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st

EE R AHAE AhiGS T3 FAst WA RARE AT
M2 ARgstgch WA ZaRs Pl AE Iom petri-disgoell LFSHA
&7 F, Zupde ZApstgch ol M2 3, 5, 7, KRE ZZ A zsiA
3 A" WA= 0, 0,125, 0.25,0,5oMS 53 NewliRjofl A 25CTYUZE
2 3tell A BH%‘E}%C}. A7 Awd AeacE FAEY AdvuigS AA
2R3t 2R Eolzith. AR E wiX|E= Murashige & Skoog 7]2ufiz|of
30g/ £ sucuose, 5g/ £ phytagelS 73 hormone(0.5mg/ £ NAA + 2mg/
£ BAP)S o] AR3igln, AMEI XAL 27C 2=XAAAN 43S 1d
(Fr0}F) 16/8 At g ZASt wfdstdct. E3F Zuldo] =AM Hela
o] 2JE5}L-S =o]7] 15 NAA, IAA, BAP, Kinetin 58] ZTE2EES o8 =
g2 Ukl AEHAZTE AU LA hormoneo] gl 1/2 MS 7|
B ouxoA o g @7t HHAZ F, EE wiRE 7HRe] Hol Y 2=
of A AL 1Y4(F/0F) 16/8 Ao E XA in vitrodefol A &3}
A} Zict.

(2) ¥ <} f=l YejAE o]-&F 5-MT A7 2

ofAuiql 2}HEQ] atypical pollenE 233t Ng ZjZufzlof] 1g/ ¢
casein hydrolysate, 50g/ £ sucrose, 0.25g/ 4 proline, 5g/ £ phytagel3}
hormone(2mg/ £ NAA)E A7t T xJAste] 25C YZERZ3e] growth
chamberof A ZYLE |E=3tdct. Lol A= Auuids T3 4
F A 2ARE R Zﬂii AHg-stTt. WARd RAbs WA S
petri-dishol] ¢A3IA & F updS 3, 5, 7, 9, 12, 15KR iia]z‘f}gi
tl.

ZAE AygL= 39 F 0.25, 0.5aM 5-methyltryptophang ¥Hf-3F Al7)
S iAo A AYE uE3 A2 Js Adsigdct. Au" Z—!ai‘l-é
E 1~2x19 Adieide B3 S5t AL }F S sYsnt AESH
¥jz]= N6 7]Euf=]o] 1g/ ¢ casein hydrolysate, 0.25g/ £ proline, 50g/
£ sucrose(or 30g/ £ glucose), 10g/ £ phytagel2} hormone2 1mg/ £ NAA
+ 2mg/ £ kinetin T 0.2mg/ £ IAA + 2mg/ £ kinetin FZ¥S H 7Vt
th AR3} 2AL 27T LEZANN L 1U(F/o) 168208 =
A3l wjeFstAct.



1}, 327ule] AEC A3 At

T T &3} Y 3;Put £F Fo2hy, &u), Vhite stard] ujuAg
BejLE Fo Yol Murashige & skoog 7|2ujz|ef 30g/ £ sucrose?} lmg/
£ 2,4-D5 E¥UZE ufR|o] Althujerste] WAL ZALE 13 BB AFLE}
drh, AR ZAbs B AE 9en petri-disholl QASIA & =, ZHupd
& ARG olufY A2 5 7, RS HZ A ¥, 1mM
S-(2-aminoethy £ )-L-cysteineS -3+ At7] uiz]efl x|4tstod 25C ¢=ZA
58] growth chamberoffA] ufedslgich AUE =3d AyPgrl YRE 4
o] zjF3 ujz] MS 7] EufXx](hormone free)ol] &A AEI}E SEA|AC)
s 242 21C L=XAstY 1€ AAH(F/of) 16/8A e s zAs)
.

4. H7HE- 2% gsiFAa
b AE A Q g

T3 g3l BF 2 A3 gRed AERelet dreQ g8, 2

gl HERaQl M}, Fab 293, FAl 2235 6EF S Botol AR
2 AH&3hTh

B Fxp £5L I 70% ethanoloﬂ 12718 HE3 T 10% sodium
hypochlorite®} tween 40(3~4¥}'2)L 3 S0 gz ek 1587)st

Zd ZE & H FRTE ¢ 0& 7}%* A H 3Tt A5o]l 88H F3}=
E3HE R, NaCl 129oM, NaCl 129mM + pnoline 7mM, NaCl 129mM +
putrescine 7uM o] F 7} uwlix]of B O T XAFH T wjaFe] d3HS 1
U(F/0}) 16/8 A2 2 2Aste] WTLE ZAGIN 77 vhasiaict.

U, A5 2 Proline % A3

7UZt vl AlEAY B2y B4 Wolg, 2 2}, AEEL 24
gt % Proline #42 Troll hindsley(1955)8] W& b3l =1y
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NEE 7 0.5¢ 4 WRs}ol liquid nitrogen T Aol Txfolq BHZ U -
C - W buffer 5mé(Methanol :Chloroform: D - %=12: 5: NE & 3o F4r}
o8 &AL 4TolN 1027t 10,000rpn 22 YAl Ee]E A=olS mifo]
AA F3| 5007t HES X2, X4, X8, X16, X328 u|&® ZEig
3443t 2t F2ol acidicm ninhydrin reagent (Acetic acid: 6M
phosphoric acid: Nihydrin=3: 2: 125 mg)l.5m¢E& 3 7}3}31 100ColA 14]
L 71E § 2o B3] A3 Foll 80iL tolueneS WISt 2 A
< Th 30&%<¢ AX|8 ¥ 520mm m}Ao]A spectrophotometer (SHIMADZU
.D 3t& F33t3 ¢4 L-proline ¥FZk2} v]28f proline 3t

ol AEgz 24

dxel 4A& FHFE AY £ 1,5% agarose £ ZIUF, o3t A=
IRty Ztzh 100889} 400882 33}¥u]7 (Nikon Eelipse TE 300)L A}
g3 sl

A2d d3Eg 9 23
1.3 ko] 7 Ed¥o] X3y A
7}. Embryogenic callus?] w28

AEA g4, & ¥ IDEA=xZL AW F embryogenic callus: pH
4,7, 5.7, 6.73} 1mg/L 2,4-D7} E71E MS wix] & pH 5.72 AW ufx|oj
28" AEdzz, o, gdol pH 4.7, 6.78 ZAH ujx] B} ZAlg
ol 2z} 11, 12, 34v] &9tomy(Table. 3,) 2,4-D7F 22+ 0, 0.5, 1, 2mg/L
ol 7t MS v FolME 2,4-D Img/L7F H7HR wix]ofA T}E =5¢] uf
2] KT} embryogenic callus®] ¥Ado] FgrRdzzl ow, alojji o 2~
2.54] F7Ist4thTable. 4,). MS 7] Euixjoi & callus Q@ embryogenic
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Table 3. Frequency of embryogenic callus formation from explants of sweet
potato cultured on MS medium adjusted various pH level

Yulmi White Star

ultivars

S A M L P S, A M L P

pH

A B&®| A B®)| A B(%)| A B(%) I[A%s) B(%)|A©) B(%)
47 1/15 66| 1/35 29| 0/29 0 1/15 66 1/35 29]0/29 0
5.7 11/15 733 (13/35 37 (10/29 345 112/15 80 {12/35 34 [9/29 31
6.7 2/15 133 10/35 010/29 0O /15 66§ 1/35 29|0/29 0

A : Total no. Embryogenic callus/Total no. {noculated explants

B : Frequency (%6) of embryogenic callus formation
S,AM : Shoot apical meristem, L ; leaf, P ; petiole
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Table 4. Frequency of embryogenic callus formation form explants of sweet

potato cultured on MS medium supplemented with various 2,4-D levels

2,4-D concentration(mg/L)

Part of
Cultivars o+ © 0 05 : 2
explants
B A B A B A B
1 010 0 315 20 1115 73 515 330
Yulmi o 020 0  4/30 13 11/30 36  7/30 233
3 020 0 33 10 10/30 33  7/30 233
1 010 0 415 26 12/15 80 415 266
White Star 2 0/20 0  4/30 13 930 30 6/30 200 -

3 0/20 0 2/30 6.6  10/30 33 5/30 166

1, Shoot apical meristem; 2, Petiole; 3, Leaf
A : Total no Embryogenic callus/Total no Inoculated explants
B : Frequency(%) of embryogenic callus formation '
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callus®] FAL #xed 4 ¢ldrt. White Star, L0l AR E=Rz2, 9,
A¥ & |83 embryogenic callus®] fre+ pH 5.72 RAH MS ufix]2} 1
mg/L 2,4-D7} A7FH MS viRlollA 71 458t RO =T Lelys ol& Liu
et al. (1992)8 Az}l X|3tgct FuhRFARZMAE  embryogenic
callus7} 80%o]4 Uehtz ¢, Al & 30«7t Uelys Fes Hol
ActEdzzo] ¢l g Hrlembryogenic callus Aol A&Folgln AlR
Hth Zheng 5(1996)2 2,4-D(2.5mg/L)2} BAP(0.25mg/L)E Z3H MS wjx)
oflA] PI-318846-3 AITY ¢, HAWRIAE oLl ¢ 78%2] embryogenic
callus§& @43, Motoyasu 5(1996)2 IAES AR S o]L&3
ZA3} lmg/L Dcamba, 4FA, Picloram S-olA: 90% o)A} embryogenic callus
& FAX 2,4-Dof = 10% u]Tte] embryogenic callusS Faich.

2 MY} Zheng W Motoyasa AHZA Y] Xlol= uwiYY 25T o|8H
27ute] B o), T=E W BAZA Sol4 uRW AU 2™
Tl Embryogenic callus®] f-=ollA] FdX|7[e oldt SAEY o, ¢
W o AEERAS FUT wiA Y XAl E WA, wiygAd MIA,
AIARE v) 5o Zt7] thE XAo] fEFAE, olst Az XU wjek
qEZ o8 {AE2 A3 ©A7L embryogenic callus WA 2o o
e njx 7] ofE ZFo] fxHE Zojetn B3l cH(Scarpa et al.,
1993).

g, 849 9 AR A FEH embryogenic callus= FHE k3t
Ng Ha, ojdshy, wdstn, A ZAss SAol 93,
non-embryogenic callusy:= A, :2tA o7t Zh AR o] Ueht
3 A a2 wEA GASh= A o] Qi)

. dehfjoto] A embryogenic callus® F4] W A E4 &3}

31Fule] embryogenic callus Aol AF s AHE o83l FAFHFHo=w
23o] E7HsE 2 Fuleliy F-AALY TIPS R SFe o
somaclonal variations -§&7] @ amino acid analogue 34 AX
o]-8-st&ich.

1mg/L 2,4-D2} S-(2-aminoethyl )-L-cysteine(AEC), hydroxyprolineo] &7}
HehR| ol 47 Sob TRIAE(S} 8xl0cel1s)E SEsldon, 43 AE

I
L T
e,
=2,
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Fig 1. The effect of S—2-aminoethyl-L-cysteine (AEC) on the growth of sweet
potato callus. Growth was measured of 28 days after inoculation.
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callus foramtion(%)

00 02 04 06 08 10 mM
[ Hydroxy-proline concentration |

Fig 2. The effect of hydroxy~proline on the growth of sweet potato callus
Growth was measured of 28 days after inoculation.
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7} 2 U embryogenic callus7t o]At A2 HelE HIAERHA 2x}3}
gt} 2,4-D&} hydroxyproline, 2,4-D8} AEC7} I 7IE Hehufz|of wlAldES
90 Gy RAstA 1F H¢t f-R5t3L SAH embryogenic callusi:= 1mg/L
2,4-D, AECZ} 7FH MsuR|ofiA] &t © HQt &3t wolgt F MS 7] Eu)
Ao A AEE ANE St AECTF B2HE MS viR|oA WALHE RA}
312 o2 T AREL] 505 BAYA &L 0.4oMo]H 3, 3748 EdHo]
MHEFE= 0. 8uMo] o™ (Fig.1), 0.8mMojA] WA ES ZASEA] o4 wh A
o] A of 3% A4stHrt. el hydroxyprolines]HE RF
non-embryogenic callus® ¥ 3}g 3, 50% BAA] =FL AEC vz} H|
3l tHFig. 2).

T}. AFLP, RAPDE ©]-8-&F AM X cloned &4

(1) Embryogenic calluso] WAld He @ L3 G5

+X3H embryogenic callus& 2mm B =2 FHI Avksid MS vz &
28 F Al E 0, 30, 50, 70, 90, 120 Gy ¥ 180 GyS XA}ste] =R ztH
A EAE Al 120 Gy olatelN e Aejant BAEAYU A 713 A
At AeTHFig.3). Embryogenic callusol 2]3le] do]Zl somaclonal
variationsS B[EfH L2 AL Ao|7t AR, HAMIE A AL A
=3 A EAlE Fddo], A, dFAZAY, dRY, AARY 5 oot
HolA[ 7t dojzict. 53] White Stard] 3% AZFRJo] FAl3Q 2Fun}
RoFol o, el wWzlo] WE Fo] UAEGICFig 4). &n)
¢} White Star®] Fef3 Xjoj= Z2Z} iR vlAste] 7~73v] Eglth
(Table 5, Fig 5-7).

(2) A M clone Ho] vWi=2] &Yy

AFLP, RAPD 7148 ZE A3}, ZAAF Ygo| RFLPRTE A &3, ©
Al Ztell W2 band Hlo] 7Hedte], FA=} Tlo¥A, fingerprinting, S
AE AAL B2 53, 27, Y HolAE HAs= 5 ctlorst Holof
&3 ol RE Qth. m&, o5 APAIe] thzt ARE w=A

TEHY + 93, AFH L2 zhd}= non-species specific primer?] A}
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Fig 3. Abnomal plantlets formed on MS basal medium.

A: Control plant
B: The calli irradiated above 120 Gy were incapable to
regenerate normal plantlets.



Fig 4. Morphological variation of White Star roots.
A Control root~tuber B, C, D : Abnomal root shape



Table 5. Morphological variants of sweet potato observed in the regenerated

plants derived from gamma-rayed calli

Cultivars Radiation Plants "Chiorophyll  Stem TOtiler:O' < ;zlma;nts
dose(Gy) deﬁc(:)ien’{ co?or tyge t\fpr:a Total %
0 260 1 - - 1 2 0.08
30 215 2 - 2 3 7 3.26
Yulmi 50 65 2 - - 2 4 6.15
70 60 1 - - 2 3 5.00
90 85 1 1 - 3 2 5.88
0 175 1 - 1 - 2 1.14
30 330 1 4 3 2 10 3.03
White Star 50 135 2 3 2 2 9 6.67
70 185 3 4 4 3 14 1.57

30 90 1 3 2 1

7 1.78




o] 7Bs5}3l, ©|E& markerE cloningdlo] RFLP probe® o] 7ps3id,
o]} L PCR-based 7]=EL TIE 7J|l&zt v|RIA somaclonal
variations 7|7} Z3Foltl. RAPD whAL dr|MEe FFo] 7hsdt
mutant allelesollA] bandE UEelj=u] #AHFo|x] Bdlx, EI Q=L
band?] 28 Uehf=d Z&FHo|x] Ry wigel(Vaileria et al.,
1997), AFLPE o]&3lo] EiHolE miehsl=u] RAPDY whE& HAsiHcTh
Embryogenic callus2YE] E3}xjo] Eoo] ¢3¥ 313ul & White Star
15704, |u] 137041& A2 AFLP, RAPD ¥4 4+38% A3}, primer
#B212] 7S White Star®] WA Tz} 28 somacloned ¢ 900bpolld &
o] band7} Utelyt:, Al A 8] somaclonesS 1.1Kbp, 1Kbp, 900bp i
A Eo| band7} HZAE QT &ule] B9 WAPd FA 2] somaclonesE2 tf
Z78} polymorphismo] @3, WA A2l somaclonesFollA & 1. 7kbp,
1.1kbpoll A X}o] & HF3L Qlth

Primer #B442] 79 White Star®] WAl Hzg|, FA 2] somaclonsE2 tf
Z32 xpol7t glgla, 8ule] WA A e somaclones F 1, 2o Foj
band7} UEeElR gleony, wald R A e somaclonesESS thERE2} Zlol7}
olalct. £uje] & RAPD band 797§% WAl A2] somaclonesSofl A
polymorphisng VERE band:= 778(8.8%)4l3, WAl FAe] somaclonesE&
L polymorphismo] ¢Jlth. White Star?] WAl A e] somaclones&2 65
7le] RAPD band ¥ polymorphism band7} 47§(6.1%)% 3, ¥WAMd FHe
somaclonesS-2 270(3%)gct. #B22, 31, 46, primero A= RAPDS 4%t
R2E somaclonal vafiationsoilki tf 272 ul23te] polymorphismo] LIERL
Y 31 4= 3 #B41 primer oAl= 23 13708l band”7} UIE}REIL, #B45
primer oM 37IE 713 AL band®] F7t S-FFH ALl

Williams S(1991)2 primer @7]8] ml A8t Xjolol &Jste| PCR A2 F4
ol AT theA uehln 12748 @71F shuwt ulwolE RAPD band
ofxbe kA3 tiEA Uehdrizn stgden, Fritsh $(1993)2 primer o
G+C 2 47} WE&TEF INA FFo] wfe felstAl dojdrial sigivt. #B41
primer (G+C=9)%} #B45 primer (G+C=4)2] band 4= X}o]= o] 3t o]F wiE
of dojdtiar ALRHCT} AFLP selective primer E1/M1, E1/M2, E1/M3,
E1/M4 Zj}oll 2], White Star, Suloflx] ztz} % 336, 3482 band7} e}
yt}h White Star thRF&} 2FALA v|A |24 somaclonesE Alolof| A
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Fig 5. Comparison of phenotypic variation among White Star somaclones.
Symbols are somaclone height, length and width.
C: Contro! plant, 1-11: Somaclone plant
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C: Control plant, 1-9: Somaclone plant

Fig 6. Comparison of phenotypic variation among Yulmi somaclones.
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Fig 7. Comparison of node count among White Star, Yulmi somaclones.

C: Control plant, 1-11: Somaclone plant
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polymorphism& 167(0.04%)g 2 thZxFe} WAL AH2H somaclonesE A}
olofj = polymorphismo] 5770(0.17%)tt. &un] wiot WaAbd ulA 22
somaclones A}ojollA] polymorphisme 2070(0.06%)% 5, WA AHe|H
somaclonesE A}o}olA] polymorphisme 687§(0.2%) A THFig 8, 9).

utetd, 2 dAFZAzi= 3;Fuje] glojq Zujy Flel dAsi:=
somaclones variation rate7} in vitro mutagenesisg& AH3-¥ Z-§ YA
Zxelol uls] White StarofA&  1.6uf(RAPD) ~3.48(AFLP), EnjoA:
8. 84l (RAPD) ~3. 3u(AFLP) & Z}Z} F718t Z1e 8 Kol WM& AEST
o] 8% AL - LFH2ET ol §Y & EAWO &) wTI= AS
A ARt}

ApdAtejol o] Edo] Wl 10*~10°28 ¢alA ¢l3(Yonesawa and
Yamagata 1977 : Brock 1979), ZZujo¥o]l 2%t smaclonal variations2 <
0.2~5%5A 52 el oo (Larkin and Scowcroft, 1981), X-ray(60 Gy)=
o] &3t Zqidio] HWEL 8. 9%7IA] WAERTI RIFI gitHKleffel et
al’, 1986). g Levall 5(1994)2 calluse] UV Fzg|slod AL beet
223} AlE 42712 5070 8] probesS ANR-Sto] @2 7,644 bands F Tt 370
bands(0. 03%) o) A] polymorphisme] UElYITE B 318} T,

Wang $(1993)2 LoliumdA polymorphismS WAL, Munthali &
(1996)2 beato]A] RAPDS ©]83t somaclones polymorphisme 0.05%,
isozymeS ©]£3t polymorphisme 0.06%, RFLPS ©o]&%} polymorphismE
0.1%2}31 B3}t Wang and Tanksley(1989)+= RFLPE ©o]&3}l9 WY
somaclonal variationsoflA] 26%2] o] (heterogeneity)S R3lgdt}.

38 Shoyama 5(1997)2 <I4te] RAPD bandoilA] polymorphismE 3]
B3l on, Valles 5(1993)2 RAPD 7|&& o|8&3}od Lolium, Festuca |
E3lAofA] variantsS 2] £33, Isabel 5(1993)2 Picea & 3F} A&
2] 900 RAPD band % polymorphismS ‘WZA5}Z] E¥UT}E Devaux F(1993)
Hordeum somaclonal variationsg® ©]&3}o] 273 RFLP, 89 RAPD
marker(total scored for RFLP=16,380 and for RAPD=5,340) % %l 3} }e]
polymorphisn® 3tx] 23t o|4t B Az & =82 ZAAE vls)
R in vitro mutagenesisZt 22 FItolA dF EQHo] HAH #-&F
A2 AlgFo] TIE FEME Hgo| JHsslelal AWl Muller 5
(1990)-& Y] somaclonal variations 2] RFLP Z 2} DNA rearrangement®}
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Fig 8. RAPD analysis in somaclones of sweet potato using wako
random primres #B44.

A
M
C:
: White Star control, 2-12 ; Somaciones(A) 2-5 ; Somaclones(B)

Radiated somaclones, B ; Non-radiated somaciones
DNA size maker(Lamda DNA+ pst 7 + Hind 1II)
Control (no genomic DNA)

Arrow indicate the specific band.
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Y, Iran i
1234567891011 1213141516

te

Fig. 9 The DNA fingerprints were generated using primer pair
E1 + E2 to amplify genomic fragments from White Star
1 : control, 2-12 : lrradiated somaclonal variation
13-16 : Non-irradiated somaclonal variation
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methylationo] Exjisttl= A2AE H 3319 X|3, DNA polymorphism™} F&
B 2beld] BAE FE JelA RZsigrh. Brown 5(1993)2  Triticum
somaclonal variations©] RAPD bandojA4] polymorphisme] LIERLIX|gt 33
ofl A= polymorphisme] WERIR] it Xstgich

o] &} o] somaclonal families?} RAPD bandofjA|= polymorphismo] L}E}
Uit oA Xto]7l ¢ltil Devos and Gale (1992)o] ol R323}
ath. 3 o]§= 1) highly repeted sequence DNA ¥-2of 92 u]S2] RAPD
locus7t X331 913 2) PCRY uHZo 23] vlelt}= RAPD bandZ} A=A £
high copy sequenceo]”] wiZoln] 3) HxalctA oA DNA EEA3} Fo] £3
g WHolE fFustA| Rgirta sttt EF, non-coding sequenceso HE}
7} B2 silent mutation®} T2 Z-2 ¥17]-H 22 phenotypedl] A3 74
A et ApE®"o

A5 A= ¢t=| 2t somaclonal variationsoA] polymorphismo] UAH &
#H S 90% ojAto] RtzfA mutagengl 2,4-DE ARt 2on, polymorphismo]
LIERUR] 92 Z1L 2,4-D8] TS ZTEES AMRS 1o Hol 2,4-D71F @4
AAl, DNA Ao 8-S F£2] dY AR Aldiuie 7t /AP 7
EHY W3] QAR FZHEch  H 2 H¥HoA ) o] zAdnke]
LAPAES o]-&3to] EAHO] Rl ol&37lE SR A WS
o] &3l AEN BAZZG thYd Rof o] &% 4 glr}.

AA2, XxofA embryogenic callus FE7} 3~471¥ AE AFF X3
AA%(10 Gy)oll = embryogenic callus7} 25t FxQriil Estgl
Cl(Vaileria et al., 1997).

IFute} e AFARAES FFo TR/l vls] "olu|ieato] ARRE A
tiel2E gF ZEX7t Yot A& 7 7IZ&LE FEst=d A7 A
o2}t A S Z|MBIAL lysine analogue ATl AECE AL-8-3lo 23}
AEHE 493, JHd4¥E FAAIIRLA proline analogue AT
hydroxyprolineoj A= non-embryogenic callus® BF ¥3le] AEANE &
A Rt

2 dFolA ©Agt Fo] AFLP, RAPD marker®] @7]Nd £4o] o]Fo]
Z 79, RAPD marker$} EYFH AL Xlo|& Uetiis RAXtete] AFZ o
7 98 A 4 g Zojrh. EFL, in situ hybridizationg ©]-&3}o] o]
E marker?] gAAAMY] ¢XE W3lZ, AAE ZE WHolNe} AARAY
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Table 6. Effects of NaCl concentration on the growth of survived rice callus

on the medium supplemented with NaCl concentration

aCly Cultivars No. of inpculated  Noof survival ~ Callus induction

Kancheog 160 159 4+
0 Dongjin 160 160 +++
Odae 160 154 +++
Kancheog 160 148 +4++
0.75 Dongjin 160 155 +++
QOdae 160 121 +
Kancheog 160 116 ++
1 Dongjin 160 143 ++
Odae 160 97 +
Kancheog 160 30 -
1.25 Dongjin 160 87 +
QOdae 160 3 -
Kancheog 160 1 -
15 Dongjin 160 5 -
Odae 160 0 =

a: Callus induction from seeds was investigated in 40 days after culture to NaCl
(++++:Very good, +++:Good, ++:Fair, +:Poor, —:Very poor and =:None)



Table 7. Effects of radiation dose of growing callus on the medium
supplemented with NaCl concentration

.. Survival rate of callus to NaCl
d
Radiation 1 ivars 1% 125% 15%
DOSG (K.I') A B A B A B
Dongjin 30/150 8/20 25/150 4/20 15/150 2/20
0 Kancheog 27/150 5/20 21/150 3/20 9/150 2/20
QOdae 26/150 2/20 19/150 1/20 0/150 0
Dongjin 78/150 17/20 63/150 8/20 20/150 5/20
3 Kancheog 77/150 16/20 59/150 3/20 12/150 4/20
Odae 69/150 4/20 50/150 1/20 1/150 0
Dongjin 54/150 19/20 51/150 7/20 14/150 2/20
5 Kancheog 52/150 16/20 48/150 4/20 12/150 1/20
QOdae 46/150 6/20 38/150 1/20 0/150 0
Dongjin 33/150 15/20 21/150 5/20 8/150 1/20
7 Kancheog 25/150 11/20 17/150 3/20 5/150 1/20
Qdae 20/150 2/20 14/150 1/20 0/150 0
Dongjin 18/150 7/20 12/150 4/20 3/150 1/40
9 Kancheog 19/150 5/20 10/150 2/20 2/150 1/40
QOdae 15/150 1/20 6/150 0/10 0/150 0

A: Number of initial callus was 150 and estimated survival callus in 40 days culture.
B: Number of initial callus was 150 and estimated survival callus in 150 days culture.



Al DNA2L2] genomic subtraction(Straus et al., 1990)& o]-&£3lciH A
AE 2 wWolfe] 2= AFLP, RAPD markers] o|-8 7hsAo] UE Al
A = A& Aojrh :

o] FAl= ¢ E Yol ¥ AAel AAH Y, Jiyutel o] G
Asts 22 AN W Aol WAAS o]&3ted EdWo] {7} JHss}
Zlgt, 2128 F3I AA ciREsd Aol w23, =E iUy IR 9
E7| = EQHO] sector?t TIEA Ueh} A AhE Adwsfol 3t=
oja&o] qth. 28} embryogenic callusE o|-&%¥ A EA A= A
o] AN R Fistr] wjEel flollA] dFF S By 4 Qltia
AlREY, AFukE XRF ofE JoPHY ZAEY STl WA Ae
somaclonal variationsS ©o]&3icid A SE ubye] £2 tjglo] EH Fo]
g} Al&2dr}.

2. X NaCl A3 AT A%

7. AL {71 9 AL BKof nX]= NaCle] €%

AejLE ¥WFRE 2,4-D 2ppmo] EHUT N6 ufx|o]] X433t F 45gke] &
Z1std 3 ¥ el Ao E3l 4 sttt '

dol = viR|olA FAHY el FIIBEE 471 18t NaCl 5=
(0, 0.5, 0.75,1,1.25,1.5% NaCl)E FALES X435l AYL2FJAelE X
ARt A= table 62 Zrh Uiy Fxb= 1% NaClollA gk Aol
Azt em 1.5%As BT XAibste WAzt HAEEA] gt 354
2= FR2H >N &2 Jelydth Jgd dej2e] Ads 53
2 o Pt ol &4 dEx AHUZA ASH £ AdE=7HE FAH)
$13td 0, 0.5, 0.75, 1,1.25,1.5,1.75% NaCl& uf=|oll ztz} A5 409
g ¥ A2 FESS FF3HA ul, I A= Fig. 103} Zgkch
1%0]442] o M Ao FZ3] JAHYDL, orfH: 1.5%0]4
o= FEL HYAJt QY3 Y wxoA B 7Y HEZo] v
=3ty deja s FFL FEFo wet 4 xjolrt ve=d Bdoly
dol e o TR 7HAE vl QrpECiE £L2 ZoE e}
wiel,

NaCl 3% A 55& LDI0LE Y uf 1.5%04 B3, by, iy
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Fig 10. Effects of NaCl concentration on the survival ratio on rice callus
for 40 days after ¢ulture.
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Fig 11. Effect of gamma-ray on the growth inhibition of callus in rice
for 40 days after culture.
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AEEC] 247} 102} 8.0%= Ve ¥ A AE o] L8 NaClHA MY %
+ 1.554& & 4 Qlalcth NaClo] H7IH uix|ofA 2] gL FEo] HZR
gt Z 32 Croughan. et.al(1978),Rangan and Vasil(1983), Ben-Hayyim et.
al(1985)2] H.518} UA|stATL.

NaCl2 gL W AEAY BE F9lof U oA o A E dose=
o, olglg NaCl ¥3fe o] &AAe] E/d3t ooz Qs e AR
potentialo] 2J3t 2L FYL T ALRHLE I3 P Ayx M
& ¥ NClzxe F(8) 2 A7 mel dolsie ©uje 7L,
200mM(Watad et.al, 1983), W+ 1,5%(Croughan et .al, 1981),
200aM(Kishor, 1988), 315+ 1%(Dix and Street, 1975), Q3x:=
1%(Kochba et al, 1982)oA Ztz}h Adwtsigrct,

L}, "L PFSof off§t y-rayd] 23}

¥ Aelie)] y-rayE XASIe] NaCl A B WHolAE F=317] 35t
¥ Hejae] Wik A4S Ralged 2 AR Fig 118 2l A
ol ool utet BAFL HASEI 3, 5 7, KR 7= Hxo]
H, ufyict BAFo] 2F FIBIEAIY, A3 12,15KRAM = F
ZF, FES BAFo] vlxstdal iy Hrlh= g fASHATE 7, 9KRY
M TR0 QuiETt BAFo| Az o 5% FUksl= Adko] UElyit}
EQHo] 71 B HLS LDS0~LD70Y S 2ty wf 7KRojlH T3, 7Hy, &
] BE8o] 532} 49, 48% OIKR FEAlFolM= 35 33, 3042 LER} o A
g LE o] &3 Ho] §7AY ZAAHE T~KRYS & + At}

T}, NaCl A &Y AxF Ay

AAZ 7-rayE o] &3l dE AeAE &7 93l NaCl 5 1,
1.25, 1.5%2 U3 y-ray=S 0, 3, 5, 7, IKRE ZZ} A a)ste] 40d o

&S 2ABIE =Y O d3}= Table 78t gl NaCl3}t y -ray R§HA 2
AN HE2ES 53 > 13 > iy wojdrh Lty 1.5% NaCl tf R
oAl &% AT shUE ATt KR WA He| oA 1758 &
gt A Azt 9l 2y 1508 Foll= X|Alstgch. 223 5KR o|Ate]
Wabd A podEs AR AAt sfuxs gtk 1,1.25% NaClojA s
A E 3EF BF 3, KR APor= tf2FET BE8o] &9ta TKROJA
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Fig.
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Proline contents (mg/g.FW.)
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N3 corpertraion (%

12. Effects of NaCl on the contents of free proline in rice callus for
4 months after culture. The values are means of three
replicates.(30 calli per plate).Values== (SE)
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Fig 13. Induction of callus from rice anthers on the medium containing

1%

NaCl for 50 days after culture.
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278 vt 2F YWaton, KRN FEEo] Holxith ot
7% 1% NaCl Rt} 1.5% NaClefA xpol7} A3SAl uUepyich a2
NaCl A&7d 71%2 Adely Hgd F44 Holst 33 o7l Yehu:
dl ¥43 WHolE At AT 7Y WHolrt WA Aigts At
3171 fsiA e AR 22 Edoldy A&l adTt

e, Aciuiokel] o3 AR B2 A%A

AW Aygart &Aoo YEHS UEhis=AE €7 $i5te Table
a0 QL AL 7} HEoA 150U S §x|3 T MELL zA}sH
W u} table 7B} TL AJES ALt} 1% NaClojH §3, 2L xR
Th WA ZARE 3, 5, 7TKROIAM AEgo| 203 = wUTh YL} 1.25%
NaClofl Al EAL iRt 3, 5, TKREANPOIN HEgo| &R 7+
olME vlsstn Quiwols 5] Q¥wr FEstgch 1.5%04 Qi
L yzel WA HePolN RE A7}t xabstga Eao] 7 uc
HZEQo] 22 SASHATE 1, 1.25, 1.5% NaCl RE %SofA 57 > 73
> ouiy o2 MEgo| ZalH T

Lee et al(1998)2 AEAolx 23 > 53 > oty €08 Ud4 3=
& st B2, BATe ¥ 2 Aze AMbEg) ok s
o 2B @A 7)o thEths A& AL

ul, JEQ A2 R LAY proline §}F F3

A8 olu|iit2 AESAYY tiAlE A 3zt B 1 AE 73
7t #4330l B4 AElE olE ZAAetn stch(Mezu-Basso et. al,
1986). uwrepA olmli4l dgtolvt 232 A ELY ey Fdolu wethtA
QU FHAQAL] FYUSE A Uech

0, 0.25, 0.5, 0.75, 1% NaCloj A MZ% ZAMe] deAg g8 43}
o] proline¥ &S &A% A= Fig 122} Bl prolineEFS NaCls-=7}
F71dF F71819R, 0.75%0M F33] FIste 1% NaClolM& thxF
o] 8ufi7tx] F7tstgich. Watad 5-(1983)% AUE el AlEoA HY &=
7} Z7F5HA prolineftafo] F-7Ist4 Tt KHarstgct,

1% NaClojlA A QA& 23 wiz|o] &7 471Y Fof AYAE
¥ $3lo] prolined &g Az} YRIFuc) 58 FIES & 4 YTt
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Table 8. Comparsion of free proline contents of control callus, salt tolerant

callus 17 and salt tolerant callus 2°

Items Proline contents (mg/g. F.W.)
Control callus 0.32 (= 0.01)
Salt tolerant callus 1° 161 (£ 0.06)
Salt tolerant callus 2° 2.76 (£ 0.04)

The values are means of three replicates. Values=Means* (SE)
a; Selected salt tolerant callus cultured on regeneration medium for 4 months
b; Selected salt tolerant callus cultured on section medium contaning 1.09%6 NaCl
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Table 9. Compared control calli with NaCl tolerant calli cultured on

regeneration medium for 4 months to revival on medium containing 1% NaCl

Calli No. of inocultated No. of survival Survival rate of
i sources
b calli calli calli(%)
Control calli 150 31 207
Salt tolerant calli 150 128 85.3
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(Table 8). 2|3 47§¥Z NaCl FH7Hi=] (AEShl=] )l ZAsE g
£F 1% NaCluiR]ofl widsigled wl, A4 Ae2E 805712 2] Alshed =]
WiddeiAe 855712 sl rHTable 9). o|9t e AzE UgAolg
R AUdt Aelis JFY FAFH2E HolH MeAT Exst: Aol of
Uzt dol gl wiRldAE Uddel ZASE FAY Holx Po] Zj3l
The Z& AlApgict,

Chae 5(1990), Lerner(1985), Reddy®} Vaidyannayh(1986), Reinold &
(1984), Treichel(1986), Heu F(1994)2 A7} gEo] =2FHU2 uf A
EUell= proline o] F7t=Elm, o] proline ¥32 FA3 XA o3t
T 3Hgl3l, proline SAFLE JEE AEZFE ALy 4 otz 31y
th a2jn FgufAlelA] 3H =L I o4 Avfujest Fox o] 44
=] 93 FAFAciE R3a7F QcKDix and Street, 1975: Rangan and
Vasil, 1983: Pandey and Ganapathy, 1984).

up. oo MelA {7 ® NaCl A 3Hg ML Ay

S, Ed oS NAA 2PPo] XYM Newixle] Xabgt A} 0.5, 1%
NaCl o] X3t Newhz|ollM ] A {7]&2 Fig 132} 2t o] Tal
It AL {F7]&0]l 2F %Y 0.5% NaCl o] EEHH vzl E &
o] MRt AT #D 1% NaCloH e F EFL2 2T Aoy &
Z1F A} dodrt T EFel T3] APdETE Ugdado] ris RS ¢ 4
gltt,

NaClo] EF=]=] Q-2 Newi=|ofA |71 B3, 34 HYAE ImIAVE
ARIste] 1% NaCl o] Z3¥ Neulz|of x]g3t F WAL 0, 3, 5, 7, 9,
12, 15KRZAIRE ThE 40U F BEEE AR A2}E table 102} 2t} S
o] 3pPHct AAYLRE HEL0] £UD I5KRGME 5L 8 7 A
Estgont spdee HEF YAt gt 1000 Foj= 3, 34
EF 12KR o] gol = BE3E Heat glgden 3, 5KRAME SRo] 34
Bl AESo] ¥4 7, KRN L H]&3 AT

A wf gAY deasRe AEN fEs}
NaCl 3 Zalzold ANEAZS] XEIE 9)3te] BAP(2ppm)+2}
NAA(0. 5ppm) 7} 2 7FH MS wj=|(salt free)oll &7 zHE3} ¥ A} Table
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Table 10. Effects of radiation dose of growing anther callus on the medium
supplemented with 1% NaCl concentration

Radiation Culti 176 NaCl
var
Dose (Kr) 4 S A B
0 Dongjin 18/150 5/20
Hawsung 12/150 3/20
3 Dongjin 55/150 12/20
Hawsung 47/150 11/20
5 Dongjin 38/150 8/20
Hawsung 29/150 5/20
7 Dongjin 19/150 4/20
Hawsung 11/150 3/20
Dongjin 7/150 3/20
9
Hawsung 3/150 1/20
12 Dongjin 3/150 0/5
Hawsung 1/150 0/5
5 Dongjin 1/150 0/5
Hawsung 0/150 0

A: Number of initial callus was 150 and estimated survival callus in 40 days culture.
B: Number of initial callus was 150 and estimated survival callus in 100 days culture
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Table 11. Plants regeneration from the selected calli on the NaCl medium

Dose (Kr) Cultivars No. of regenerated plants

1% NaCl 1.25% NaCl 1.5% NaCl

Dongjin 5
0 Kancheog

Odae

Dongjin
3 Kancheog
QOdae

Dongjin
5 Kancheog
QOdae

Lo © O W Mo

Dongjin
7 Kancheog
QOdae

p—
N

R o

Dongjin
9 Kancheog
Odae

14

o0 Blw oo Qo Ol o A e
o o oo o oo © oo o Qo o o

._76_



119} 2t} ooy 1% NaCl¥] 5, 7, 9KR HelFolld Zz 2, 3, 2 747}
AMESE YD 1.25% NacloXE 223 A7 glodch 532 24382 1,
1.25% NaCl8] RE uhapd Az Foa A2 AAE dden F AL
A S3o] 84, o] 77, exiyE THE PR Woith 2@y 1.5%
NaClo] Wit He|FolA = 2EE =] et

NaClo] AJEA8] zj23le] njx|= G8S dolir] {3t MS i3 vf
Zloff NaCl(0.5,1%) A7INA AYg2E I Az}, 95271 71
utel 231 So| AslEo] 1%NaClo] H7HH wizlel M= 2788 AEAE ¢
QTHTable 12). o|2} 2 AR L ol U3 NaClY F32 A&
Blof 43S F= Z1o2 AlRHCL 223 AEA 0.5% 1%NaCle]
A 21zt 374 2707k AEsIeth. Nabors (1980)2 NaClujA e
& NaClo] H71E wix|of uwjokA] A-E37t vl AE 3 NaClS 7j3 2
Z2} AANE AU G 7AWk st EY YosidaS (1983)% W
oA Hls=¥t A2E Hstch

E&F 1% NaCloflq AJAE 571d, 117097 242 /A% o A28
A2} Table 132} 2o 57847 NaClofl A §-=|8t A2 &3} AAAE 13
N BE F JUAT 1IAY F2§ e LloA= green spot-2 117 €4
zat Qs A= o 17 Sl

ol9} e A s 7ol A4E £3 Ho| HIEHL ZZF Na"
Cl” o]22 yr}xo] AIAL] AES & At At=-Art. A
AY A BAE 172 MSuiR|o] &A VAT AEAE FIAY ¢ SilolA
283 <« oy gutx o] FAstHct
of. o g3 HMeLoy A3

NaCl = 3}tA sy A& I1AA(0. 2ppm)+Kinetin(1lppm),Kinetin(4ppm)+NAA(1ppm),
Kinetin(2ppm)+NAA(1ppm)o] Sojglt Newiz|o] Z+zp XjAtst A= Table 14
2} gt A i IZPRTO green AEAE &3] RSISAL albino
b dejon, 3hd g s 20 ZYPolA 171 A &AL} 3H X3l
A 27) AEANE oot T2 0,3,5KR M= 3}, 53 2 AR
AE A Blg 7,9KR oiME 8-S 22 1,270 w4 AEAE 4L
U 53 54 AEAE GA] B3t albino A EARE A= g tiTable
15).
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Table 12. Number of plant regenerated from the selected calli on medium

with NaCl for two months culture

‘ No. of ‘ Average(%)
Na(Cl treatment petridish No. of plants per petridish
Non-NaCl 20 45 2.25
05% 20 8 04
1.0%6 20 2 0.1

_78_



Table 13. Number of plant regenerated from control and tolerant calli after 5
months and 11 months culture

Callus sources No. of inoculated calli Green spot - Plants
1 150 79 32
2 150 31 19
3 150 27 13
4 150 11 1

1: Control calli after 5 months, 2: Control calli after 11 months.
3; NaCl tolerants calli after 5 months, 4: NaCl tolerants calli after 11 months.
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Table 14. Effect of hormone combination to regeneration from the selected
anther calli on the NaCl medium

Hromone No. of Green spot Plants Albino
.. Inoculated —T5 H D H
combination calli ong aw ong aw Dong Haw
jin sung jin sung jin sung
1 210 40 39 0 0 7 8
2 210 31 92 0 2 5 7
3 210 31 35 0 1 4 5

1, IAA(0.2mg/L)+Kinetin(Img/L); 2, Kinetin(dmg/L)*NAA(Img/L); 3, Kinetin(2mg/L)+NAA(1mg/L)

Regenterants counted in two months culture.
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Table 15. Plants regeneration from the selected anther calli on the NaCl
medium

No. of Green spot Plants Albino
Dose (Kr) inoculated Dong Haw  Dong Haw Dong Haw
calli jin sung jin sung jin sung
0 150 15 21 0 0 15 21
3 150 19 20 0 0 19 20
5 150 15 17 0 0 15 15
7 150 17 18 0 1 14 13
9 150 13 15 0 2 12 . 10

Regenerants counted in two months culture
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Table 16. Variations of plants regenerated from NaCl tolerants calli

Variants

Number

500D U s W

Type
Normal-like leaf type
Narrow leaf type
Wide leaf type
White stripe leaf type
High plant height
Small plant height
Awned seed
Partial fertility
Complete sterility
Rouge
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zk Mo AR AEA JEE B € 548 =4

2ot Uidd Aoy AT AEAE 30714 gFew Ay
3lod 0,0.5,1% NaClo] ¥HR-¥ uix]ellA 107 widst Azb= Fig 14,159
Ztl 0% NaCl wjx|of & 2ot JEd A& BF ool ZHg AL 3}
UE 914132, 0.5% NaCl wix]oflAq 6718 iR AEAc o] FE3L2
Z2nsig R, 270 o] AMAo=s Zysigch. 2el3 1% NaCl efx|oilA
£ difEo] A} sigdch. gy uidd AellolA zEEHE AEAE
0.5,1% NaCloflA tiZFEcT} Kol ATl 0.5%0 = Qo] AAF
oF 74 3 A2 g9, 1% NaCl oA = Qo] AAHog ZHE A2
ol uldte] o9 ZAsHGc  AUE g Ao AR A
EA9 203l Hel3d 42 Table 163t Zo] T3ttt A4t o B
AF, AU FHo] F3 AF HHAF, 8 Fo] Y A 54AF, 9]
& Bl HEo] e F, 2Fo] A3, BHE F, 48U B, FXl 7
o] gl A, o] 2 Ay &2 Ho|FFLE FEY £ gt
U2 4.46% ~99.7%71A] thgstda, 7iete] BAHH Fx= (2T
= 7Hebo] Q1) 2 o] hzxFHct ok

3.9 878 AEF Ay
7}. 5-methyltryptophan (SMT) =3+ A5 Aub

(1) W 44¥E ol§8 5-methyltryptophan A4 WY
daHos EHE FAAF)7] H3l amino acid analogue ¥ AU

SFIHES] EF Y3, o8 amino acid analogueEo]l AMR-Eo] $ith 2 F
tryptophan analogue 5-methyltryptophan(5MI) A& Mt 12 F¢b gt
o] x3¥ u} Qlouw(Widholm 1972: Widholm 1978: Ranch et al. 1983: Lee
& Kameya 1991: Kang & Kameya 1995), E3ZF ¥y EFE & o]L3F 5MT A 3Ad
Aute] o wWo] BIEI A, Lee H.Y. & Kameya T.(1991)%:=
ethylen imine(IE)E ©o]-&3] oMrel]l tigt E@Ho] A3AE Musialn,
Schaeffer G.W. & Sharpe F.T.(1981)-= S-(2-aminoethyl)-L-cystein #|3}
4 AZFE AU v ok mebd, T B3 B0 - Sk - A1
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Fig 14. Degree of leaves death of regenerated plants derived from NaCl
tolerants calli on modium containing NaCl after ten weeks culture.
NLB: no leaf burn, PLB: partial leaf burn, TLB: total leaf bumn
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Fig 15. Degree of leaves death of control plants on modium containing NaCl
after ten weeks culture.
NLB: no leaf burn, PLB: partial leaf burn, TLB: total leaf burn



Table 17. Free proline contents in rice seedling regenereated from salt tolerant
callus The values are means of three replicates. Values=Means* (SE)

NaCl tolerant lines Proline content (ug/g. F'W.)
Control 1170 £ 793
ST#1 3752 * 1396
ST # 2 3433 £ 10.14
ST #3 3623 £ 1161
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(oY) 3EE] Z2IE 0, 0.25, 0.5, 0.75, 1mM SMTE /3 N6 A
HuR]of X|Atste] AHAE |7IA Az, MIY #Po] FHAESFF 84
H dela £ 3A RisER P AelE IEF BEF ML gl A
g (R ME YA Bgdgo] I0x A2 vl FoU3, 53] FUH
L 100%8] AAHEL Bgon}t 0.5mM SMT HFode tixo] vis) ys
2 ARgol F43] ABIE S 1Mo N = B &0l AY %ol 77T =T
A= 3IBE F AL 4] 7R FZstdul, 0.75mM SMT A 2] 3o
As e Aol Fei, zpp=ol uvlsh Zpzh 14w, 2,53 Egten
A Aele sl 1aM SMT MM E Hes APt oe F
EZof w3 "ol APEE FAHG FAHY FX A= As A
&5 2 gcti(Table 18).

WHola] Mwe % Ed¥o] FUYeEE El(lee & Kameya 1991)%}
EMS(Kang & Kameya 1995)5 o2 71x| #1313 @429 x-ray, xI&J4d, UV,
a-particleSo] gl=vd], £ H¥L y-rayE§ AHE-3it}. Gamma-rayE 2}
2z} non, 5, 10, 15, 20, 25, 30KR A&t FIHe] FA= 0.75mM SMIS ¥
&3 N6 A Efuli=]ofl X)AFsta 4047t vt A2t 15KR 7 -rayE Aejt F
2R MaA PALL 50x0l4e R tiE el uwis] A JEikta,
10KR > thz3 D 5KRE: ojdct. Aex Aefl: iR F(non-irradiation)”}
713 Eotn AFgo] FUIESLE EFAE= RS HUAY + dddeh FR
AAdzRE 70d A F A gL F AR AEste] AEE0] 2
A dojZ L, 10KR M8 AjAE AT AA A2y AL %L
£o] 40 ZHzthu] 60~70%0] ©]E3] 3 1F SKR Ae|F Hels g0l
75% oA E 1A AA UEelyttHTable 19).

70 AT P23 MY A0 cloned 5h}8] lanel E 4tol 1nM SMT A
elu=jof Althufestde v, AA BE L ol oA 15KR A2+
ol 7t =A Uelutz|nl, 2482 20KR A7t 34.15%2 713 wWgkn
25KR, 30KR X ] = ZtAa o] Zhzt 72.73%8} 72,002 & A UElytc),

A Fo] Qo] tfRF-(non-irradiation)?} 7} &o} A Alefrzt
7h3 433t 2o velydd 10KR, 15KR M3k Jxslgout ZE Ay
A laned2] 7tA Lol 713 A 25KR, 30KRA 2] F7} clone FAIF o A]
743 WA Uelddth(Table 20).
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Table 18. Effect of 5-methyltryptophan(5MT) concentration on the growth of

survived rice callus on the medium supplemented with 5SMT concentration

S5MT Conc Cultivars No. of inoculated No. of survival Development levels

(mM) seeds callus of callus
Dongjin 180 174 4+
0 Dongan 180 180 e+t
Jakwang 180 159 +++
Dongjin 180 86 +
0.25 Dongan 180 79 +
Jakwang 180 69 ++
Dongjin 180 52 +
0.50 Dongan 180 13 -
Jakwang 180 41 +
Dongjin 180 41 +
0.75 Dongan 180 3 -
Jakwang 180 18 -
Dongjin 180 | 23 -
1.00 Dongan 180 1 -
Jakwang 180 7 -

1) +++;good, ++fair, +;not~bad, —:bad.
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Table 19. Survived rice callus of irradiated seeds on the medium
supplemented with 0.75 mM 5MT (Dongjin)

No. of survivals

Radiation No. of inoculated Development
Dose seeds 40days  70days Reduction yeyeis of callus
rate(%)
non-irra. 500 181 57 68.51 e
5 KR 500 164 40 75.61 ++
10 KR 500 210- 111 47.14 ++
15 KR 500 268 102 61.94 ++
20 KR 500 138 41 70.29 4
25 KR 500 118 33 72.03 +
30 KR 500 74 25 66.22 *

T +++; good, ++; fair, +; not-bad
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SMIZF ¢l N67|Eufz|ofA {719 HYAE 0, 0.125, 0.25, 0.5, 0.75,
1oM SMTOYl 2um 3712 A Azt X|4kste] 4047t wjoksie HPysr N2
S ZAIEY A3, 3BFE BT URT(MT free)ofrs RE MajArt 4
ST - M7 FIHFE wiRjolME BEgo] uf$ "ol SN
SMIE 7} vfiz]oflA P& F clone7} 60193, F¢u{g AU 22t 3
AR SMT th¥ ZgAdo] Heart ExpeETE uf$ &2 Ao Yl
%tTHTable 21). Wakasa K. & Widholm J.M.(1987)2 w AgAL 5MT &
of th¥t Za/d RAtA A3d ajLof vlis] 44 Ushis Adya
= 0.03~0.1mM MT s=oA EA|Fo] FH3] HLAHUS B bl g3,
Widholm J.M. & Brotherton J.E.(1983)2 <] ufot& E3] D, innoxia:=
100, 300 uM SMT s==oflA, Nicotiana tabacumE 46, 137 uM SMT s of A
g A AE Y53 vp Qlch

Gamma-rayol]l ch3l Zt4/dz} sMTS) F3e RAPSIZ)SIsl SMTZL ¢l N6 7
SRl {71E HejAof non, 3, 5, 7, KR y-rayS Hz|sled 0,25,
0.5o0M SMTE gt Ad=fulx|ollA 4047t wjoksigixdyl Table 228 AIE

o= pes R
3ot T wWaAld Ae|FE= 0.26nM SMT HSoflA] ¢ ~2%qM=8
S HQ A, FEE KR AHITE AYstn: ehisx e ¥Z28S

Ro| Bol3t A3k el ol otulx wWabd Al e Ao Abg]
E3o vsf] g3 Ao ALmHrh 0.5mM MT SEoj A
SAME X4 RE Ay2vl 900 Sehi: 5KR, TKRoA HYAS
& 4 k. FIE 2ot gA, ¥ HHAL y-ray AEH =
AbollA TKRelME Habd HElE SRS Aol uls] MAZE AL
o} 56%931, JKROIME o} 64%Z UiEluich  mheiA, Table 228 A o
-ray2} SMT & 240 B3l Has A AR s) F2Lo] mj$
ozl Zeg AlmHCLE  EZH 0.25mM SMT A 2]FoA ozl AYAES
0.5MM2 H=& & Aciuiarst Az, 3EF BE KR A7 wYPAT}
A os wle 22 ByYD, ANMALZL SAME 1~3% SohH:
1~5% AEEQ ¥hE 2AAELE 3~6%F QA &4 VEIRITHTable 23).

¢

N4
N
a
gl
4

(2) o o} ol WA2LF o]-&3 SMT A3 dut
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Table 20. Survival rate of rice callus lines of irradiated seeds produced
~ from 0.75vM 5MT cont. on the medium supplemented with TmM 5SMT
concentration (Dongjin)

Dose No. of selected No. of survived Reduction FW
lane (0.75 mM)  lane (1 mM) rate(%) (g/clone)
Non-irra. 57 33 4211 0.0870£0.013
5 KR 40 20 50.00 0.074%+0.010
10 KR m 42 62.16 0.080%0.018
15 KR 102 50 50.98 0.079+0.007
20 KR 41 21 34.15 0.074+0.012
25 KR 33 9 72.73 0.064+0.013
30 KR 25 7 72.00 0.055+0.007
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Table 21. The growth of survived rice callus on the medium

supplemented with various SMT concentrations

5MT conc.(mM) Cultivars No. of mo.culated N(T' of
calli survivals

Dongjin 150 all

0 Dongan 150 all
Jakwang 150 all

Dongjin 150 -

0.125 Dongan 150 3
jakwang 150 -

Dongjin 150 4

0.25 Dongan 150 -
Jakwang 150 3

Dongjin 150 -

05 Dongan 150 -
Jakwang 150 -

Dongjin 150 2

0.75 Dongan 150 -
Jakwang 150 -

Dongjin 150 -

1 Dongan _ 150 -
Jakwang . 150 -




Table 22. Growth of rice callus irradiated with various dose rates on the
medium supplemented with various SMT concentration

Dongjin Dongan Jakwang

Dose  ( /500clones) ( /500clones) ( /500clones)

0.25 0.5 0.25 0.5 0.25 0.5
Non 30 - 28 - 23 -
3KR 2 - - - 7 -
5KR 4 - 9 2 74 -
KR 5 - 8 8 83 2
9KR 7 - - - 78 -
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ofduql AHF= 2| atypical pollend 2{33lo] 2mg/ £ NAAE 713 N6
7129z B AE F7)8to] 7y -rayES non, 3KR, 5KR, 7KR, 9KR, 12KR,
I5KR X 2]gF = zbz} 0.25mM, 0.5mM SMTE M7pgt Aelufz|ofA 45Q17F uf
F3t A3} 15KR AeltollA 14.0%, 3. 442 7H 2 BEESS & +
ol

7KR, 12KR A 2|&& 0.250M SMT S-=ollA ztzt 10.0%, 5.6% ¥|2y £
HEEE Bgony, 0.5mM SMT s=olAE 1% njgty] o JE8-& veR)
MI mXZof Y BE-E HYTHTable 24).

dol Hexe 1~2x8 AcfuierE AX F4 F hormoneR o] bzt
Img/ £NAA + 2mg/ £ kinetin, 0.2mg/ £ IAA + 2mg/ £ kinetin ¢l N6 7])&uj
o] &A &3 Rl ch

hufeyo g dojzl A= I3 HelE T3 FANIANE Q&
9ouz oy FAEM 8% AYLeE AMEH £ o FHe] gl

U. 33uie] AEC A Y A

Su], White Stard] W Ao y-rayE Z}2} non, 5, 7, KR He|gt F
1mM S-(2-aminoethyl)-L-cysteine(AEC)S ¥-H3F MS Aejufz]of] Xx]A}s}o]
409 7t vt FA= &ul FFo] White Staro] H|3] A3Ho] 2 A& H
UE 4= ALt

&ul= 5KR, KR Aol ZZ 70%, 80xo] e AEESS el AEC
of thgt =3t do] w2 Re= uEelyrt. Vhite Star A KR > 5KR )
KR 22 FEEo] wA UEettey Sulo His) of 3P HEES
B4 cl(Table 25).

1nM AEC S oA Aws 72 AF 1.5mM AEC X2 MS Meiul=]o] Acjujed
sto} 4097t ®j¥e B White Stark SKROIA ALY Agas] AEZo]
21. 222 7} &9t3, the2 tjRXF(non-irradiation) > 9KR > 7KR «2L = LU}
ehey.

&ulE 1oM AEC sXoiA 2t o] 1.5mM AEC sEolA = BEEZo] 70~90%
= ohe EA Ushen, 2 ¢AdE tEF D 5R > KR > KRSt it
ol9} Z+2 A} oju] MajAT} 1aM AECH] F-g3t 1.5mME =7 F7}
ST BEESE A HAIHUE A2 AL ™ cHTable 26).
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Table 23. Growth of callus selected from 0.25mM 5MT cont. on the
medium supplemented with 0.5mM concentration

Dose Dongjin Dongan Jakwang
( /300clones)  ( /300clones)  ( /300clones)
non 22(7.33)" 10(3.33) 9(3.00)
3KR 3(1.00) - 12(4.00)
SKR‘ 5(1.67) 4(1.33) 10(3.33)
7KR 7(2.33) : 13(4.33) 16(5.33)
9KR 2(0.67) - 11(3.67)

* 96 of survival rate.



Table 24. Survival of irradiated callus induced from answer culture in

different SMT concentration (Jakwang)

Dose No. of Inoculated 5MT Cont.(mM)
callus 0.25(%) 0.5(%)
Non 500 1(0.2) 102)

3KR 500 6(1.2) -
5KR 500 6(1.2) 20.4)
7KR 500 50(10.0) 408)
OKR 500 11(2.2) 3(06)
12KR 500 28(5.6) 100.2)
15KR 500 70(14.0) 17(3.4)
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Table 25. Growth rate of sweet potato callus selected from TmM
S-(2-aminoethyl)-L-cysteine(AEC) on the medium supplemented with

1.5mM AEC
. ~ No. of survivals
Radiation Dose Cultivars No. of inoculated calli
(%)
White Star 298 56(18.8)
non-irra.

Yulmi 293 261(89.0)
White Star 255 54(21.2)

5 KR
Yulmi 261 232(88.8)
White Star 282 34012.1)

7 KR
Yulmi 307 221(72.0)
White Star 265 38(14.3)

9 KR
Yulmi 295 227(77.0)
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4. FIFEA] 3 gsB AR
7b. o, 23, 23 1 VETF

H7MER0] T2 iAo g F 7do] A Rel FRY ¥, A
&) W3l Table 2764 Hujel Zth FAH 6&F EF URFHT)E
BRI, XZ Ao gojM NaCl THEHIECTHE proline E=
putrescineS 7 Helgiguw AHE o= Az FAAI= AL YEn
t}. ol@ 3t A== Garcia et al. (1997)7} proline A 7joll &3 W FR 4
2R AAZENT glodcte Bael dXFA] dgdrh. EF A
E3 gre A Sy} HFuel ko] proline F7te] 23|
23 Lol Z/EYSS ¢ 4 gt SATW, Fe] BHS AgERe
S 293571 vind S4stgd o AVEA ARt dFNEAN= HY ¥
4 glach AgtRe], FaIEEell #RARe] vy w2 Yoles
Uehz gli= i zlokzt Fab 2235 3 W3wl - dbopgo] wil
ANEA 3t 4 x| g2 Fesy Ueludti(Fig 16). Mano et al.
(1996) Beal 6¢x=, 2&Rz], oriental type, non-uzu typeo] W do]
Zstn 23 8T §F0) wlay gslel Zeiri sigen, Jana et al.
(1980)& o] &3 YFol AL FFol g3l WS ol YolEol &
Ttz 233k b} gtk AESFo gloiME 68F EF proline?} putrescine
He oA EA Vel o]t Lutts et al. (1996)2) B39} Ux)3tgl
T}, Fanale] A9 prolineX 2l AEFo] R4 vl 2ol
7} g REE A Uehoy WEmel FoL= dsfof s AEFol &
28] ZA3A ANEA Y 15T A9ArHFig 17).

1}. Proline §}8F W

AME e By FAEHNUNY §2 proline §IAFE FIBIHAE, ol=
Heuer & Nadler(1998)7} Ztxtefr AEA7} GsfE ¥ uf chloridest
prolineS &3zl ABAUY AFRAS Utk el dxsiglen,
Martinez et al. (1996)C @4zt ale] proline sz o] Absol 4l
3 proline 3ekz} AlEA Q] wg W Aol WHT AAIL vk Ay
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Table 26. Effect of radiation dose of growing sweet potato callus on the
medium supplemented with TmM S-(2-aminoethyl)-L-cysteine

No. of survivals

Radiation Dose Cultivars No. of inoculated calli
(%)
White Star 450 85 (18.89)
non-irra.

Yulmi 450 171 (38.00)
White Star 450 96 (21.33)

5 KR
Yulmi 450 327 (72.67)
White Star 450 64 (14.22)

7 KR
Yulmi 450 174 (38.67)
White Star 450 110 (24.44)

9 KR
Yulmi 450 364 (80.89)




Table 27. Seedling height and root length of barley grown in saline
solution(129mM) with the addition of proline and putrescine

Kinds Seedling height(SH) and root length(RL)
of Varieties Control NaCl NaCl +Pro TmM NaCl +Put TmM
bariey SH RL SH R SH  RL SH RL
Nokeq Saessal 6987 582° 362° 495° 470° 545° 469 3.44°
barley  poowonchapssal  12.09° 3.04% 8055 420° 1079°  466°  9.38° 269
Covered ) i 1181° 605° 851° 561 907 495 913  476°
barley

finyang 1287 833 760° 522° 1005° 533 862  550°
Malti
. alt'"g Doosan 29 1350° 935° 1065° 903° 1183 800° 993  600°
arliey

Doosan 22 12.15° 5.85™7 993" 570™ 1010° 387" 9.81° 333"

T Mean separation within rows by Duncan's multiple range test for variables ; SH, RL(«
=0.05)

¥ NS, non-significance.
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v} git}h.  proline?} putrescineS 71514 & o proline §aFo] NaCl Tt
S3e] Hol oS FUIHE 4 + gk 53] Fodanee) Fa9%
+ putrescine X E|L8 proline §3Fo] tiRrof uvlsf 2w ol ZrlstA
2oL, ApEEE g EXRele 238 AsshE BYS U EFHRE Z
2ol & HoFUTHFig 18).

o} Alaxxe] a3

T35 g2 dHES HujPFeE HHYS o, P 3§
TRl UGS AYsiA Holn AAyez ¢bd =
3f(Fig 19A) NaClejl &j3f H3sl& USS wE ANYog zIo
RB&S BEcKFig 19B). 31R|gt proline®} putrescineS 3

L

-]

[

73§ NaClo] 2J3t g3f&E &< Zo| v’ HAEI B3] putrescine
e URFet ERt xolE Holx] 94e& AET I ANt EUTHFig
19C, D). g2 ZF9e npARE JAE vl AFRS Uehjd =y,
NaCl A 2|72 GJAEL} FHERX HEEC EAPEL o|Fdy E723
AHl Hl3 putrescineA 2|78 HFHETE oj Ax IHE o]fn FuS
X ARES FIT PAS B4 53] AE fBE2 AESL Abgs] sy
HAdSS ¥ 4 glgdtKFig 20). o] Heuer & Nadler (1998) 7} w3t
ATFRAS BT A2 A Ao AlFHT]

o fo
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Fig 19. Microphotograph of cross-sectional views of leaf sheath in barley
seedlings after 7 ’days of culture (X100). A) Control, B) NaCl
129mM, C) NaCl 129mM + Proline 7mM and D) NaCl 129mM -+

Putrescine 7mM.
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Fig 20. Microphotograph of cross—sectional views of leaf blade in barley
seedlings after 7 days of culture (X400). A) Control, B) NaCl
129mM, C) NaCl 129mM + Proline 7mM and D) NaCl 129mM +

Putrescine 7mM.
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