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Determination Times for Induction of Adventitious Shoots, Roots, Trichomes,
and Calli from Segments of Arabidopsis thaliana by NAA and BA

Song Lim Kim, Tae Jin Han"
Division of Life Science, Hallym University, Chucheon 200-702, Korea

ABSTRACT The effect of NAA and Benzyladenine (BA) for detemmination times on the formation of adventitious
shoots, 1oots, trichames and calli in MS basal medium was investigated in leaf segments from ecotype TNossen’ of

Arabidopsis thalliana. Adventitious shoots, roots, trichomes and calli were formed from leaf segments in a wide
range of NAA and BA. The optimal combination of hormones for adventitious shoots fomation is 1.0 mg/L NAA
and 5.0 mg/L BA. The optimal concentrations were 1.0 mg/L NAA for adventitious root formation, 20 mg/L NAA
for trichome formation, 100 mg/L for callus fomation. Inductive times for fomation of adventitious shoots, roots,

trichomes and calli were detemnined at 14, 4, 6 and 18 days respectively by periodical transfer of leaf segments

fromn hommones containing media to homone free medium.
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el d g g, o185 718 E3 auxin} cytokinin
#} e AeEEId oskd FE 24HFE YUt (Skoog

and Miller 1957). Auxin A X8 FoZ7}h AEXRE, F345
o] Zah Ae A 2 He) g4 o 99s F

{Michalczuk et al. 1992), cytokinin2 auxin#2] 43zt&S
E5ld AZEES A% A28} TS E4 (Miller et
al., 1955, 1956) 2 o] wd, Se} 34 Folx Bejnict
T BFEF 9tk (Mok and Mok 1994). o4 Y ¢ AEF
ZEE A8 73 Bl 43S AR ol 28
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Christianson¥ Warnick (1983, 1984, 1985)= Convolvulus
arvensis®] 9 HHOZHE NE FHS @ ARl {2
gt AAE S35 h ]2 auxinF cytokinins A 2|3}
of A& (SIM), F42 RIM) 2 2L CIME F4dshs
W2E 24 & olF she] wiRd A Wl s Aldsle €}
A2 F7|A 2T FFe AF Az B2 7]
# g4 285 =A)e9ed (Christianson and Warnick
1983), oo 2 E3 22 28 7|3 4 A4 & competence
acquisition phase, induction phase ¥ realization (morphologi-
cal differentiation) phase 52 3942 stk 1 A @A ¢
Ae gxsprl dofn} 24 AHo| competence’ S & 55}
4g322Y 2L GEATH W2E YoA EHE Yo
S 9E 989 592 2 99,5 A DAL ol
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f71 A= AEs] EANEEGE dF AEES T2 @Y
Si=dl, Comner T (1990)] <73t o4 auxind]| 2jsir =
I 4879 28 71FE FRITA IUL T WelE
Hgszmel 42} P MR QT WA SFIH
A AEHT G A71dHE AETIEe gad A%,
32,28 @ A} wmd 2 gysne 4gs=E
o 9% 4% z49 e¥n % AEI U@ £AF 42
T gol2 Ao Z 7|thdch of 7|73 o] A<l ‘Columbia’,
‘Wassilewakaija', ‘Landsberg erecta’ =2 9 AHELE FHE,
2&, ARA Y 48 &olgh v Az e A E S} A
ZsPA Y A AL E WF o1} ‘Nossen' 2] FH-f5—= A&} A4
-+ BF £ vEZ REaE4%t} (Chaudhury and Signer
19893,

ol wet B HAEE FAI2H HEe FI0l £olg
‘Nossen's] ¢l AH W] A FT 220 oz 7|3 A&
37} BREE A7E A7) 9ske] auxinA| 2] NAAs}
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o AF, HAZ,EE 9 Ak g4 s 2 oE, A
A F% NAAZL BA9 ofsle AlFE, 54D, FE 2 2
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o} 714 (Arabidopsis thaliana L. Heynh)2] AejZ o]
‘Nossen' 2] ZEx}5 70% (v/v) ethanole] 1&, 5% (viv)
Ca(OCl), &4l A 1587+ Z}z} g A2 g & E4TE 4
B ANAR) 250 TAS AEEIRe WA B
MS F5u|=] 7} 25 mLA 5o Sl 250 mL flask el BhFs)]
oAl A 23 11T, fdelA 455 F2E8S SA40g +, o
HHES Zzb AT E 4 MS AR &A oA
Hjj eka} Gt

NAA2} BA2| HEETAF

Awsin#} cytokinine] 7|BA4e] =L d%e 247
Y3k 4~5F 9 o790 #1294 BEE 22 MS 7]
27 o] NAASH BAS 247} 0~100 mglLe] M4 B
L 528 AR ZA8 7% agar ¥ Hv) Ao x4bs}sit) 23
+1°C, WekelH ST WA HAD, B e, ArA, AE
94 5o 94 AET 2NP9H, BE A9 @ 79

Petri dish (8 x15 mm)o] 4719) 91 VL W Pahe] 35 Wy
3] A1gsharh

T2ts EEAZ| A

NAA} BAS] #HA ¢ 43S A 25 PAE (Table
D Eds 274 272 24590 A5 NAA 1.0 me/Le)
BA 50 mg/l & AelA, £43E 1.0mg/L NAA, B4&
£ 20 mg/L NAA, 172 AaEAE 100 mg/L NAA BE 7]
Tl A zhzh vkl & AAZFED] ge MS XA
19 zbH0 2 Z)zke) o AES A widsly 22y Az
7} AR E) TEE A g} AP EH]
A g WA A F ook A7be] 4T} HEE spe] 4G
ZAEY A 7|7k 2 AE, S EE 2 AR
A4 RAeg FFEan

Z
NAA%L BAZE 7|8 22l ORIz €

A7) AeF9] ‘Nossen' 2] 9 HHe| NAAZ BAZ
9E 2 28 AZsld J|F 342 2 A3, AEs
NAA 8} BA EPA 7 AT gA4HGeH, 2429 25
S 28 9 Az NAA BE = BASe] &3 w}
2t FHY A =S (Table 1).

AEE 1.0 mg/L NAAS 5.0 mg/L BA 28274 o}
713 A o] d=2 2 FAEYGE, 73 o E
3 ok 1272 oOE A Rt R 2ol AT
(Table 2). #7322 25 NAAS BA 95 2 T &2l A
Z8A A, 58] 10 mg/L NAA @5 AZA] oF 11
A= A AT F 7P B8 84S B9 (Table 3). 3
2|3 NAA S For) Zo7hgdl| wel E&o] Srler| A)2te)
o 20mg/L NAA 9% Az 7P BE 28] BAHS
M, NAA 757} G5 SVl wet 28 %do] g2 b
speia Aoy AR Aldske 100 mg/l NAASA 7}
7+ @o] ARSI (Table 1). 0|4 ¢ FHZ 28, 123 2

AE NAA B2¢ wel 10 mg/l, 20 mg/l, 383 100

mg/Lol|l A Z¥z} W go] WAAR ST

re i

T2tz E8AP| A

g,

NAAS} BA 9% A} APS 2AZ AE, FP2, 24 &
A2 #4539 2R A 27 AE #3442

717M 10 mg/L NAASH 50 me/L BA & 32|64 1420)
Yom, AL 1.0 mg/L NAA A ge)H 49, 24L& 20
mg/L NAA Ao 4 62, 123 B2 A5 100 mg/l NAA A
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Table 1. Effect of NAA and BA on the formation of adventiious shoots, roots, trichomes, and calli from leaf segments of Arabidopsis
thalizna on MS agar medium after 4 weeks of culture.

BA NAA (mg/L)
{mg/L) 0 005 0.1 03 1.0 20 50 10 20 50 100
o R - + + ++ +++ + + + - - -
T - - - - - - + + +H + -
C - - - - - - - - - ++ +++
s - - ++ ++ ++ - - - - - -
R - ++ ++ ++ ++ + + + - - -
1.0
T - - - - - + ++ ++ ++ + -
C - - - - - - - - - ++ ++
S - + ++ ++ +++ + - - - - -
5.0 R - ++ ++ + - + + + - - -
T - - - - - - ++ + - - -
C - - - - - - - - ++ ++ ++
S - + ++ ++ ++ - - - - - -
R - + + + + + + + - - -
10
T - - - - - ++ ++ + - - -
C - - - - - - - - ++ ++ ++
S - + ++ + + - - - - - -
15 R - - - + + + + + - - -
T - - - - - ++ ++ + - - -
C - - - - - - - - ++ ++ ++
S - + + + + - - - - - -
R - - - - - + + + - - -
2 T - - - - - - ++ + - - -
C - - - - - - - - ++ ++ ++

R: Root; T: Trichome; C: Callus; S: Shoot; +++: excellent; ++: good; +: moderate; -: none.

Table 2. Effect of NAA and BA on the formation of adventiious shoots from leaf explants of Arabidopsis thaliana cultured on MS agar
medium after 4 weels of culture.

NAA (mg/L)
BA (mg/L)
0.05 0.1 05 1.0 20 50 50
c 1.5+049 27048 30050 351049 1131065 3.5+049 3512049 30+0.50
10 - 531063 T0+0.30 701050 4.6+ 150 351049 331049 2851£152
50 - 58+1353 541053 32x145 - 25+088 26+048 281£152
10 - 25+0388 28+1.63 25+1.39 251088 2.8+063 25+0.63 25+0863
15 - - - 25+£129 27+£024 271087 26+1.50 25+0863

Each value represents the means +5E of three independent experiments. - represents no response.

Table 3. Effect of NAA and BA on the formation of adventiious roots from leaf segments of Arabidopsis thaliana cultured on MS medium
after 4 weeks of culture.

BA (mg/L) NAA (mgl)
0 005 0.1 05 10 20
0 - - - - - -
10 ; ; 744040 TA+040 76+088 -
50 ; 254045 774053 82+0.89 11.6-+040 304063
10 ; 254045 544049 46+0.00 7A+093 -
15 - 284089 5.610.50 26+0.50 304063 -
20 ; 304088 224045 254045 284085 -

Mean number of adventiious reots per explants. Each value presents the means +SE of three replicated petri-dishes with four explants. -
TCpresents no response.
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ZlellM 18|} (Figure 2).
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WA A Bdol} EAGERT a7 297 A}
£ =)o ‘Columbia’, *“Wassilewakaija', ‘Landsberg erecta’,
‘Bensheim’, 17 ¥ ‘Nossen' &, 2+ A= B2 &£ 417}
8= o] g} 271} Feldmansd}d Marks (1986)2] B YA H
‘Columbia’= & FHAH FH FYL d3sh AE ¥
A Ar =2 @297 ‘Wassilewakaija' o] Az AE FAlo)
tht Yol W 7T 4 bl 23 ARsz 3A Y
st J8EE AR2AEH Yl AE FAS, 28 T
g3 Ak F4¢ dig 475 FEsh] d3lddAe ol
Zyzto] 3o AAZAEH 290 fsle] A W) 22
AT o] o] 2oz old 473N AT F 4 A
HellH ANEF HFEg ZF 78 gAde] 71
{Chaudhury and Signer 198912 A=5le] NAASZ BAZ 9=
2 2 MM JBEAAE BEIED AEY Ay 10
mgL. NAA 2} 5.0mg/l BA & A2 12709 o ZEeA
Zkz} ek 12708 =2 ¥4 WeF B Y=t (Table 1), o] A-E
Columbia’ & ¢ FHO=FHE NEF Frd 2AH LA
HFredFAS AR 23 Ad AE2E £zl AL = Chaud-
hury2} Signer (1989)7} 294 45 AHA ARz AR
t} £o|3}, ‘Wassilewakaija' o]+ AZ2ZE A 25271 A
(Feldman and Marks 1986)s] WsjAx A2 4 97 =
A velstth =8 NAAS 0100 meg/L7 A 9= A7) she
A EE, 22X AnAg i £ 502 HFe o
99i=d), o] AL ‘Columbia'S 010 mg/l. NAA A= H
A g, 18y ARAE 58 A Hanetal. 19993 5
Ygt HEl FHE B AL E AEks NAAZE B8 94

Fastpl S5} Srlehen $ 30 goblEA 24

WASY A5 XEke NAATE A=Y BeAE 94

9t} (Table 19. Feldman3} Marks (1986)= of /)4t 24+
54 & 12 mg/l IBASZ} 0.1 mg/L kinetinof| 4 A2
TElEo B e 10 mg/LNAA D=2 Z ArA
o] 7} B& A 20] =S8 (Table 1, 3, Figure
1B). HAZo Y AEA fr AN AAEEEH
o] 2 wel gdsiA Jelued], 20 mg/L NAASA 7}
A gs £o= gyt) (Table 1, Figure 10). 245 NAA
o] FE0} SrFge wel f257] A2eba] 100 mg/L NAA
oA 7}t %& HAAS B} (Table 1, Figure 1D).
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Figure 1. Photographs of adventiious shoots, roots, trichomes, and
calli from the leaf segments of Arabidopsis thaliana cultured on MS
agar media treated with NAA and/or BA after 4 weels of culture. A:
Adventitious shoots {1.0 mg/l. NAA+50 mg/L. BA); B: Advent-
tous roots (1.0 mg/L NAA)Y; C: Trichomes {20 mg/L. NAA); D: Calli
{100 mg/L NAA).

(1983)-& 257 =4 Ze| g3 =20 @Falskd 7|3 3
Ao ZAREE= A7H) determination tme-2 B 3} o} Deter-
mination time-2 A2 HEAZ = 574 7|30 FA L= HY
A =2 AES 2AetE o 93 7|7 A 5 AT
Agdo] gz v A wdelEAs 7|Re] AR 4
EAAZEEH A 7zHe ZAVee AR s, ol 713
Ao =4 WS s AL 7|3 g
oA d7g 7|7te] AHE o @REElE & 7| F #Ade] 2RH
7] WFolth (Walker et al. 1979). AAZAEZ] o5t 7|3
B0 A7 2748 determination ime T Aol £
= @Ao= 54 (Han 1994), 9¥) 9 dHe|Me] Fa 3
A= 39 (Jeon etal. 1998), 1] FH] 2% HAld= 94
(Han et al. 1996)0] ©a g9} L8 of 7|t AT &
‘Columbia’= NAA @5 23] 242, 28 2 Az~ 34
28] determination time©] Zkz} 62 74 72| ¥ 18WE B Y
4 " 921} NAAL BAY 9= 2 4 Ag T A
& HAo] x5 -2 vk (Han et al. 1999), ‘Nossen' &)
M= NAAS BA 442 93] A=z 8 g 7|7H
£ 14Yogon, FASE 49, FE5 64, A A= 18YUE

webstt} (Figure 2).
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Figure 2. Frequency of the formation of adventitious shoots, roots,
trichomes and calli from leaf segments of Arabidopsis thaliana after
4 weeks on hommone free medium followed by different periods of
preculture on hormene containing agar medium. Bars represent
standard error. Parentheses represent precultured periods of leaf
explants for adventitious shoots and calli.
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