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ABSRACT In order to induce the mutants of Gentiana axillariflora Leveille, nodes were cultured on Schenk and
Filderbrandt (SH) medium containing TDZ 2 mg/L, BAP 2mg/L, GA3 0.5 mg/L and 0.1 mg/L NAA and each
nmutagen of ethylmethanesulfate (EMS), colchicine, N-methyl-N-nitrosourea (MNU), and sodium azide (NaN3)
through filtration. Comparision of morphological characteristics and survival rate in each mutant plants differed
cepending on mutagen sources and their concentrations. When EMS were treated on nodes, the regenerated plants
was thin and albino, regenerated shoots appeared 'erectoides type' and get twisted. The case of colchicine were
t-a2ated on nodes, the survival rate was from 84% to 97% at all concentration after 30days but the rate of survival
was decreased about 50% at 200 uM after 60days. The treatment of NaMN3 200 uM was not survived. The survival
rate was extremely decreased in MNU treatment at 500uM, according to concentrations two types of leaf
cnaracteristic were obtained. Type ] of leaf characteristic was modified from oblanceolate to oboid at leaf shape
el type T of leaf characteristic was modified from light green to dark violet at leaf color. RAPD analysis was
carried out to check the genetic modification of regenerated plants by mutagen treatments. Three polymorphic
['MA fragments out of thirty-seven obtained by RAPDs were observed in regenerated plants using 5 decamer

primers.
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ol S XEste 2FAER A F4 HAS A
Hate WY B2 drASd 9t AgEHT glon
UV, X-ray, ZHd §& o83k ARG #HolA §7]9 &
&o] & sEEAHUE AM3h= Aol Oehlkers (1943)
o ofa] Hyg o]z Wol] AHEEI ck E3 204719 £
o] 7l driee] FRAF mal 2 YE AFES 8=
o] frA3 g daste] u)e FE5HA AMSEI Uk )
WSS o8-8 EA)SFY AL EddolEFY A
2o} A I} Ut A9 5938 924

G A ZHE ARHEANZ AR
ZAolth Bigol] gubd o2 AR = ujohd
A AEANZ A3} X777t A- L, HA| Y
ZARA Y] FAAE FF e GAoE
bt ol A Blo]Fe] o] BE -] Ao
12 =tk W3 o] itk (Constantin 1984).

T3 A HE9 444 4o PCR (Polymerase Chain
Reaction) & ©]-&-% RAPDEA]¢] Bo) AMEHT 9lon o
A G71M G digt FE gloj= DNA9Y oy dE =
A = 9] 01 (McGarvey and Karper 1991) <1913 0 2 |
%3t random-primer& ©]4-3 DNA tfgdate] 24L& &
A2 markerg G4 AT F e FHo] Aol (Williams
etal. 1990) Bl A& T3l 42 AT 2 EA ]
F44 EAS FUste dolk f-83kA o451 Stk

et B Q7 ZVulgs B3 sekEduelds A
st WHolAE fristal Adste) dloir A EANd
of TFe FEE 7SI RAPD £42 Faf #7198 &4
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B AoM AHEd Als= 7)delA dA4E multiple
shoot®] Z7|v}t] (0.5 cm) 2L ARE-&4t) (Lim and Yu,
2000). ¥jA]+ Schenk and Hilderbrandt (SH)H|X| & 7|20
2 AREsIH S thidiazuron (TDZ) 2 mg/L, BAP 2 mg/L,
GA:3 0.5 mg/L= 0.1 mg/Le] NAAE Z3HAd slglod &
ARo)d o 2= ethylmethanesulfate (EMS) colchicine, N-
methyl-N-npitrosourea (MNU), sodium azide (NaN3)& Z+z}
10, 30, 50, 80, 100, 200, 500 pMe] FEF Hiolzt sted uj
Aol H7¥stATE w2 23C, 16A17F FZ2A 0| 30~60Y F
QF Hjdely AEEF NS 2 FEEH SA4S v

o

TFEE HOXe] RAPD 24

HolA o2 ZAVEY) Sleted EAmolEZ ] AHEH wiA|
oA AEs HEANE 27 Fho wet Awey 54
Holg ol A H viRolA ATt 2 EA e HAEAY
Az 2 A DNAE cetyltrimethyl ammonium bromide
(CTAB) WHo =2 F£3}% 7, DNAY #5& 4As7] 9
sl 0.8% agarose gel 3lol|A A7|gdEsle AEsigod
FLE 79%7] Y8l Hitach U-2001 spectrophotometer
o] &35tk PCR 71W S o]43ld DNAE %319 1.5%
agarose gelsloll A A7]19 53] #asict

Ao ZZZAL 5 ng template DNA, 2.5 uM9] primer
4 L (Operon, Ameda, CA, USA), 1.25 mM$9] dNTP 4 L,
10 xbuffer 2.5 pL (with MgCl), 2.5U Taq polymerase 0.5 #
L (Biotoo)& EFsl= vl 25 uLE ARS-315 o1 pre-
denature 94°C 5%, denaturation 94°C 1%, annealing 35C 1
¥, extension 72°C 28 (45cycle); post-elongation 72°C 10
B o7 At Primer screen A2 AAgd 71 Z band
7V BAEA 42 A% T34 band7t FAH primerE A9
AlZ12L 570€] primer (OPA-01 : CAGGCCCTTC, OPA-02 :
TGCCGAGCTG, OPA-08 : GTGACGTAGG, OPA-09 :
TGCGCCCTTC, OPA-14 : TCTGTGCTGG)E A A 3}
Wl e BBt 7 7o) AP 2RO R ANFIAUT
major band €} minor band7} FAEAY 1 F AV &
A7y AAG 7IlEl el &3 Welo A9-E A9zl $ A
ol oR-F ZARIATE 7kl &g ¥elbandd) A9
= EQHolEE A wiAoA AEskd AEA S RAPD
o] pattern3} Z|WulFE AEAE FAAA 0T Helsle] ¢
&3+ RAPD pattern< W) 3} A 2 sFgth

2% 3 1%
7 |Lisp2tol ofst EAMO] AMEH 77|

£ arolA AR iA]E SHEA|el TDZ 2 mg/L, BAP
2 mg/L, GA3 0.5 mg/L3} 0.1 mg/L2] NAAE 2715t A}
2319y o] RE o] 9ste] HF (Lim and Yu
2000) ¥ v 9= 2429 multiple shootE 7] 3
Ag Q¥ AEsk] AEE JolT RS HES A4S W
) AgEA e AR 22 ASHA AR A3k
iAo AR 23 ke Aol 53] 52 $RE A
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2 4y o]&¥7 9= EMS, colchicine, MNU, sodium
azide S4E FEER wix|o] At 7| E7)vid]
2l ° uﬂoks} @_‘,}_— table 1,,} 71.1:]- 30?_:1 HH°1: AgZ.:E ]
EMS ¢} sodium azideE A&3F A% =27} io}?“"i A
Z o] AU colchicined] 7A$ A FEoA] 84~
%Y & AEES EATh MNUY 3% 10 uMel| A1 200
m‘ 17'}71& 89~97%9¢) £ ATES Holthr} 500 uMojd
= 18.2%2 348 PAE Ryt
%*054 shootd] Zeolg w®¥dte HH 30U AH} &
si.dium azide, MNUE A28 ZA$-oA+= ¢ 1.0 cm W ¢l

9

HH colchicine®] 7% 0.5 cm WY E AZF3 ZHo] AAE
BT (AF wAAD. wlk 60U 9] A AXs EMSE 7+
sE7b oA FE A& WHHH o E AEHA R 500
o] A9 3097 Y +52 Btk Colchicine #}&]
Al 30 ek Alo FEEE AEEC Aol flE 2] 60
do] AEHA Fro wet Aolg Bt o] AL &g
colchcine S X2]& wol= 60 o]} i Y3ledor HolA &
Adtel=d) 235 olg = S veRdt) Sodium azideE 3
23t A9 60 Wik Al AubA 02 30~50%2) U AE
52 HIT (Table 1).

Table L. Effect of mutagens on in vitro node culture of Gentiana axillaryflora Leveille.

(M) bud cultured Osu rvisv;io § (%) s.urvisved $ (%) growth
" Control 44 43 98.1 43 98 +t
o 10 40 35 875 15 375
30 43 38 88.4 16 372
50 53 39 73.6 13 2422
VS 80 38 25 65.8 1 289 ++
100 45 21 46.7 1 244
200 44 27 61.4 2 50.0
500 29 1 37.9 11 379
o 10 43 41 953 35 814
30 41 38 9.7 30 732
50 39 27 89.7 23 59.0
Colchicine 80 45 ) 933 24 533 +
100 50 a2 84.0 21 420
200 46 40 87.0 25 543
500 33 32 96.9 7 212
o 10 2 41 976 41 976
30 36 34 95.0 34 95.0
50 33 32 97.0 k) 97.0
LINU 80 46 43 93.5 43 93.5 T+
100 42 40 95.2 40 9522
200 49 44 89.8 44 89.8
500 44 8 18.2 4 13.0
- 10 51 45 97.0 18 353
30 55 50 819 30 545
50 40 32 60.0 2 55.0
JaNG 80 29 24 82.8 16 5522 it
100 47 17 36.2 8 16.7
200 40 16 40.0 12 30.0
500 45 20 445 17 37.8

+:poor, ++:moderate +++:good
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MUN(type 1)

NaN3

wjok 60y T #EY 2ol de] Ao g A=A
ool glolx L= FAd W, deo P43
T A 52 Jepgth £ A3elAME albinos]
S A 2Qs7e oj2glen] EMS HE A¢ ¢
Ay o] 7FEx HAle] 4
AAA oz 2HEAE o] et Held EMSE A
790 chlorophyll mutant #7t olyzl Fefz 5FAo]
erectoides-type .2 e} Tt= 23 (Ehrenberg et al.
1961)%}F #A18E A3Hg HAor EMSAHE7 gdWeld &
7V Wa3ge] AstA vebik .
ColchcineX oA Uehts @42 Ao A=l 4
EA7 2AERE BAS Bgo QA 29709 A% 2R
22E 9279 Z2Ho] AEAR AL ey FHA
EAL Byt v L O Fo) Hlol YE B2 YE
pey=p

AEA 2 Feyt =9 H el

4 FAYe} Tudon wEd Zo) tehtor 277
NEAT B FAL Yehel ool heiich Ee ot
= gEgow do) Wasy AW YL Qe o
S} 49 7ol Bol vehdrk

MUN(type 2)

EMS

sauolyd Azl BE ABAY AWY 54 F A%47
ARE albinok 4F9) Fawlo] 714 MulsAl W
b o) A2 genome o) FS4 AW HAFol dAH

SR ¥stelglr] JEY Ao 2 AlsHo (Figure 1).
MNUZ 7|Well Edwo] a)dt 5ol 27H4 typed]
Blo] ez} yelgth Type -2 do] APz Ug
A0l type 1 ol FadtolAL Waae Ao
Rolth. MNUS] %4 wa} o]aia 2714 types] ¥
747) e Ueried wpe 19 S 50 pMAA
£7} §old4E FRUEL Sk 80 pMeAE 7P
=A vegen I olde FEeME EdsA gt
(Figure 2).
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§712 £04HH0|X|e| RAPDO| 2|8 HO[ZM

RAPD9) 23 E@olA e #1904 25719 primer T 5
M) primer7t A= e 270¢) primer (MNU-OPAL,
NaN3;-OPA9)oll A Edwo) AF 7k g 7 ©)°F¢) DNA ¥
o7} HANPO Edolds] FEE P £ 500 uM
ol 4] Wo) band7} HEHYT (Figure 3).

70 wiekEl A EAe) RAPD ¥4 A3} band7h 4HA
AU T84 band et 71U kel o Weje] A2 A9
B AA 25709) primerelA] 377§2) RAPD marker bands
7} BAFYJQL BAEAAE QL SAwlAEAM A7 F
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Figure 2. Frequency of mutant plant types by MNU treatments in Gentiana axillaryflora Leveille.

Figure 3. Ethidium bromide-stainded agarose gel of amplified
s:quences from a RAPD reaction directed by random primers using
I'NA extracted from mutagen-treatmented regenerants of Gentiana
¢ didaryflora L. Three novel bands are indicated by arrows. (left
r wnel: OPAl-primer; right pannel: OPA9-primer; M-marker
['NA; lanel-3: 500 uM; 4-6: 100 uM; 7-9: 50 uM; 10-control).
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M4&gtk MNUS 7Z4$ 10 pMollA] 200uM7HA)| = 89~
97%9) 2 AETES Bt} 500 Mol gl e 18.2% 2
wAT ZAE HAoH WolAle Yo Fert Ty oA
THYA ZAFoq AFH A Qo HolA ArE o
2 HYE 2714 typed] WolA7F FAJHATE Sodium azide
AL e 75 AHFEE 80 pMATL 609 vk A Aty
O % 30~50%9 #9% YEES HYL o] ol AL
HEgA HolAE FASIh FAHE shoote] Zojg Hlw
3t HW sodium azide, MNU$2] A4 E ¢k 1.0 cm Y)
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