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Effect of Plant Growth Regulators on Callus Initiation and Organogenesis
from Tissue Culture of Arabidopsis thaliana Stem

Jung-An Park, Jong-Bum Park™
JDepI. of Genetic Engineering, Sunghyunkwan University, Suwon 440-746, Korea
Dept. of Life Science, Silla University, Busan 617-736, Korea

ABSTRACT This experiment was carried out to investigate the effects of plant growth regulators on the
organogenesis from the tissue culture of Arabidopsis thaliana stem, and the origin of the callus development. When
the stem segments were cultured on medium with 2 mg/L IAA or NAA, adventitious rocts and trichomes were
differentiated after 11 days of culture. Callus vigorously formed on medium with 2 mg/L 2,4-D after 7 days of
culture, but adventitious roots and trichomes were not differentiated. On 2 mg/L picloram, callus formed after 5
days of culture and adventitious roots and trichomes were differentiated from callus after 10 days of culture. This
results suggesting that picloram is very effective auxin for the callus formation and organogenesis. Callus weakly
formed on 0.05 mg/L kinetin, and formed on combination of auxins (2 mg/) with 0.05 mg/L kinetin. But the effect
of combination of auxins and kinetin on the callus fornation was less than 2,4-D or picloram alone. A histological
examination of callus formed on picloram showed that phloem parenchyma cells were divided and enlarged after 2
days of culture. Cortex parenchyma cells were divided and meristematic nodules were developed from these cells
after 4 days of culture. Finally, callus formed on outside of cortex and epidermis by division of meristematic nodules
after 7 days of culture.
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o) ) AZEEH Ao olFolAT BRI} B
o, auxin®] H|-&o] =5 of FFFo] HAAT (Peters et al.
1976; Cho and Soh 1981). 171} auxin & picloram-2 9= A}
2o 2. AEEEH J|PEE} o|FAH AHLERYH
AY 2EgAAe] Feg A2 ZE BI=Ee it} (Eisenger and

A E

2 gz gl A FE AEHARE AAZFELA =
A auxind cytokinin® 2 E = e, auxins A EAA
of sl FEAZ, Hel, vjAlS 274717 cytokinin

Azggel Bedsh= A0E QA Uk (Crocomo et al.
1976; Peters et al. 1976). B.¥ auxin#} cytokinin 2] Z3+=-3H]
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Morre 1971; Collins et al. 1978).

Picloram-& 1963'd Dow Chemical Company<]| &3]
Tordono|& 0]52] H2HE AHe 275 FH =0 (Eisenger
and Morre 1971; Collins ¢t al. 1978; Denchev and Conger
1995), ¥ Fro e & T35 Jehfjo] 4Pd2 = &
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2314 AEEoAd $} (Kefford and Caso 1966, Patton and
Meinke 1998). Picloram-2& ©h2 auxine] W3k ZAw] ke
H=A AHEEOAH O dFE ) vEshy 24-D 1O 7)E
o] FAlelY £34del A 235]9 24DET =& o= de
A ¥, EAx wdllA HXAE EgA S3EHAAT
Picloram 2.4-Ds} frAlebA| el st 21583 A
A7) 9le Ao g2 BIEYT) (Denchev and Conger 1995,
Furmanowa et al. 1997).

§ 7173 (Arabidopsis thaliana)= B-Xk ool M &
o) £I3Y W48 JrpiEse 2ENBEA A%A
hepa sl T 07 Fol F2 37 Adgdde Ay
gdad g WAL wWde] Zhesly, @ A ERH
100007] o8] B TAS s, Igae 5 H 2 A
Z& genome F7|F PR 91TF (70 Mb/haploid nucleus). I
6~8%2) A& AWIE AT YolH o 109 3
A%t 47 Beleld model platz PEAA 0|57
21t} (Shirley et al. 1992; Patton and Meinke 1998).

2 d7oMes 713 AeE Columbia’ o £7] A4
22 2k A] picloramo] & HAH 7| PR n|X]= o
s Ay, AW PR FAdE Aehe wA|de o
aff dshETh

Mz W gl
AESER

off 71 At (Arabidopsis thaliang) 7= 1= Ohio State
University 3 Arabidopsis Biological Resource Center (ABRC)
oa EeFitol B APAAEE AH2sliTh

f713d FTAS HERAS A4, HaepelErp 242} 1110 1
2 94 dx Fo 27 Bl 359 £ @S 49 2y
FSH 4T A A Mg v Az FAA W gt
Atk Adzdd gy SAZAE 16410 gAH 844
9 dAZE =AY AT\ M = 23117, §== 50
~80BE frA === ZEsG ok ¢ oF 25 5 o) e
=t ol @& A Az 3~4dmt} AL TEFEHE A3}
o 4dg 527 FAEHEE PAE A4S FTFET

A S Bl 2|25 S5

= o Ll TT -

pel

Arzdde s 45Y Fx g 7Ry 715 % 3
em Aol Adsly ZFTE AHFE o 3% sodium
hypochloride 59§ 2 Z ¢f 1087} B9 475l @452 54
AHg &, W7 S Alg el P 25£1ToA
Fepd AEA B4 2 J|PEEE freMFoh BES gAY
2 71REEE e Ay =42 MS (Murashige and skoog

1962) 7|2 =o] sucrose (30 g/L)S Arlebe] A& 53T 4
E TEFE auxin® Z JAA,NAA, 24-D, picloram3 A}-4-3}
997, cytokinin © 2= kineting AHEE}TH ¥iA] 8] pH=
S7~58%E ZA3}E T 1% Difco-bacto agars A7)shd 5¢)
S, Al el £ ebed 121°C el A 2087 25 Easith

WRAo| B B TR

H71A 27 AES Adebd o) 14 P40 % 739
F A4 FFHS formalin-acetic acid-aleohol (FAA) ¥ <] o
T 4847 Ao IFsET I 0] Ed AEs SFE
Ae 0 F ebgled xylene® E 2|38 T} LR white
= AT, HEAAA 65Tl 29 7 EFgvha-AA block
S =St A =8 LR white block-= ultramicrotome 3 2|

S AMHESl 23 um FAIE ATE F 005% toluidine
blueE 945} FeAn|AL = Adshy S5t

Z% o o

A7 €7 22 dES 97 AEAAEEA 7} S8
= MS w2l A wj et A, cytokining Hrpsh] #3¥ o
& ZF2] auxin (AA, NAA, 24-D, picloram)7H2 2 mg/LE
2rhe AAGAE 242} DR 237} ebeh. NaA®H 27}
A wjA]el M w119 5 28] ARG, [AATE H7}
g wjAlel A e 11 F 2] e it (Table 1,
Figure 1). ¥heo 24-DeF H7g wviz|ol A= vk 74 & 2
2L Aol e delstoy, wjdr)zie] 109 ol F A
HEoe ZE&5 FPE T 73Ry ey ggken,
picloram%t F7hg WAl M= vk 5 FHE Aeio) &
AsHA BAET W 10d Sl AHARREH EET
FAZe] AT (Table 1, Figure 1). ]2 ¢ 2342 1AA
2} NAAS of 7|3 7] Aol A 283 g3 94
& SA4A YaEgle] BAEY A4THELdY AS
T 9998 m, 24-D= 713E) glo] ohed] REEA GATRS
Z2AAA Ak el Z94 A5 ¢ 5 s 28y
picloram2 #j9kE7|oll= AEA7) GFASA FAET
2717ke] e Feoo AR AERE 2L
Hol AmA wA 9 73RS wf BaA ] A
45 & 7T Ut

Auxing E74814 €47 cytokining] kinetinThe 005 me/L.
Az Wi AE Ari Fde] mkelA delts B9
opel B&d FAE 34 7| IEEE FeEA gel o7
A £7] 2w 4] #iA]el] auxin 1] cytokinin Hr}ehe
2+ Aol 94 9 U327 dF oE e A= el
o} (Table 1, Figure 1). 348 2}2}3) auxin (IAA, NAA,24-D,
Picloram; 2 mg/L)o] cytokinin (kinetin; 0.05 mg/L)}& E33
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HiZ Sl AE 47) 25 wsd Aajs 84 Jeg Jehige
1}, 24-Du} picloramTHE F7fst wjA]o| A 2] AaAi 4R
the ZdaeA 28 222 veldt) (Table 2).

Auxin# cytokinin 2+ ZMzte) AEAAZLELASE 24

v kAl Al A tekelA desle AoE deA o

(Dodds and Roberts 1995). £ A @e|Hx <1714 2] 29
& auxin® F7}E #)A] 2} eytokinin®t H 7 #)A] 2 auxin

Figure 1. Morphological views of differentiation in Arabidopsis
tssue cultures on auxin (JAA, NAA, 2,4-D, picloram) and cytoldnin
{kinetin}. A, Stem segments used in tissue culture (control); B,
Adventiious roots on the surface of callus in TAA {2 mg/L); C,
Trichomes on the surface of callus in NAA (2 mg/L); D,
Adventitious roots and trichomes on the surface of callus in picloram
{2 mg/L); E, Calli formation in 2.4-D {2 mg/L}; F, Calli formation in
Idnetin {005 mg/L).

Table 1. Effect of growth regulators on the formation of adventious

thaliana cultured on MS media after 3 weeks.

3 cytokinin2 Egsle] Arhsl zF wiR| oA wioket 44, =
=4 o2 4345 e gin. =, cytokinin®] H7pEA g3
NAARH 27}l wj=]el s wjF 119 & 2go] g9 A&
Han B(1999)8) 292%9 dAlshe A= o7l *
A2 B4 B BEA BA FE Aol Bae] YA
AL HA2H Aelav YARE Q¥R 489E o
Exolgly & = 9t} (Gonzalez et al. 1991). ¥ 54159
2w A9 fFrsEe 7|Esks)t g ZAANESE 4
T BAHEOE o|FoA)2] Zsld Yoy HE of 7] A
27 F7)lH BAEE 28 34 A 4F g=EA 3
o™ (Marks and Feldmann 1989; Han et al 1999), )&% &3
A o= 7R FHA tg A7l 182 5 3]
= Aolgtx Azt

f7173 £7] ZEE 24D FrpR wiA oA =2 e
s Wdr|] o A AFdEo: J|IEse $EEA
2y AeA FAve] FEEAA Jelsed], 0148 Kang
T (1996) HAgdfsie dx|sh= ALE 24-De O3
auxine] s} A fFo dF ERHUS & 5 st
(Dodds and Roberts 1995). gH8, picloram%F 27} #]=] o A
= Wzl AA FAdo] SAdsiA delvdrl 23717
Higd Fol= FAEH Eio] e, 2R
o] JlFtse AEEE FEs Wdete iAW auxin
cytokinin ZAJH| o] Z-5-Em, auxin®] H&0] 5 § EHZ
o] AP = BT (Cho and Soh 1981; Cho 1985) k= Ahd}
A 435 Jefigith 8y B A9d3= A Ers)
= ANEAAZHEAZE picorams] 9EAETIOZE AFA
o8 7| BEE) ol FoiFr] WEol picloramths e
W25 AREebd A is AdE FFPFAH, B LER
H Ag AgAde] rhssite 9 Bage 4Rzl A
o]t} (Collins et al. 1978; Furmanowa et al. 1997). I, 7] 73&
250 19 Panicum virgatum2 TS BAS 24D 2
picloram 2 Z3& MS #j=] ¢4 #j3ksbH shoot A48 AT
BA 2] ZR|A|e]H 24-DET} picloramS rhet w27}

Pt e

roots, trichomes and calli from the stemn segments of Arabidopsis

Days
Crowth 2 4 6 8 10 12 14 16 18 20
Regulators
- - - ++- e
1AA (2 mg/L) - + H - ® ®) ®) ®) ®)
+ e e ++- +-
NAA (2mgL) - + A AR (T) (T) (T) (T) o
- - - - A - -
24D (2 mg) * - (© © © © © © (©
icloram (2 mg/L) N +- +H i +H- - - - i
P mg (©) (©) (T M (TR (TR (TR (TR
Iinetin (0.05 mg/L}) - - + + + + + + +

++++, excellent; ++, good; ++, moderrate; +, rare; —, none
*#(Z, calli; R, adventitious root; T, trichome
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o E#Holgs drBYE dAs gt (Denchev and
Conger 1993).

ol ZhE AAE ulgo] of7|1A £7] 2 gl A
Ao Hrlete ASAA=ZA FoA auxing] WF<
picloram®] @& H7jgte 2% A=A 4 @ 7|FEEs) 2
Agom, Arg A2 AR} 7l Fo=E A4z
At f71 A £7] AHS auxinF kineting 55k 7}
gt wiz]ell A A ke Az} wix]el A v AR
AReE Jehligloy 24Dy picloram$hs H7Fe ¥ A4
MRt AREolx] Zg A0F ety 28, A8
ZA) kol A A 2] Ay 2 A8 ofLiel (Han et
al. 1999), auxin? cytokinin®| FAJw)e] Wb et F
A & TSl Ape)7h si7] W2l (Haissig 1988) o] H2
+ %22 F o dysicr 2 Aotk

Cytokinin 2| @7}gle] picloram5hs H7het wjz]el A o} 7]

At 271F Al df 1YW HH0E 7|49 des
2g zAsgEAE YYo= s FRANACE
ZF HEe 23, W 19 35 2AAH| FEoL

27 AFsER 2d FHEE A fERAA ze] Azid

o] doji}r] sl 44 o= 9E FERAY AXEGD

meristematic nodules®] AR Ao F2EH YT} (Figure 2).

gk 7Y Fol= AEEEe m5d Fy upgEg=E dff

mEA FilEe] 109 Fell= $dsA Aras FAAsET

(Figure 2). 74 7 A~ H5 meristematic noduless] Aoz F

G588 FPAA Hed B 496X meristematic nodules

of PAoE HEREG] FAA deigE 32T + U8

t}. Meristematic nodules= 27] A, 247 £= wjdAgL

friesle 2do] Avky B s o] it} (Nuti 1981; Anzidei et

al. 1996).
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Table 2. Effect of mixed growth regulators on the formation of callus from the stem segments of Arabidopsis thaliana culured on MS media

after 3 weeks.

Growii—, D2 2 4 6 8 10 12 14 16 18 20
Regulators

IAA (2 me/Ti+ + + ++H +H+ +H +H
kinetin (C.05 mg/L) ] ¥ " () (©) (©) (©) (©) ©
NAA (2 mg/Ly+ +H ++ +++ H+ ++ ++
kinetin (0.05 mg/L) ; * + (C) (C ) (© (© (C)
24-D {2 mg/L+ +H ++- +++ H+ +H+ +H+
Kinetin (0.05 mg/L) ; * * (Cy ) (C) (© © (Cy
picloram (2 mg/L)+ + - +H FEe +H +H
Iinetin (0.05 mg/L) ] " - (C) (C) (C) (©) (© ©

+H++, excellent; +++, good; ++, moderrate; +, rare; —, none
*#C, calli

DT

Sl

Figure 2, Transverse sections of cultured stem and callus in various developmental stages. A, After 1 day of culture { X 40); B, Enlarged

photograph of Fig. A (X 100); C, Enlarged phloem parenchyma {arow) after 3 days of culture { X 40); D, Enlarged photograph of Fig. C (X
100y; E, Cell division of cortex and epidermis after § days of culture { X 40); F, Enlarged photograph of Figure. E { X 100%; G, Formation of
meristematic nodule (M) after 7 days of culture { X40%; H, Enlarged photograph of Fig. G ( X 100); I, Callus (CA) formation by cell division of
meristemolds after 10 days of culture (X 40); J, Enlarged photograph of Fig. I {x 100}. C, cortex; Ca, cambium; E, epidermis; P, phloem; Fi,
pith; X, xylem.
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7|7 AeF Columbia’ o £7|4H =AW 2 A=
£ BAF 7R mAe AEAATEA 2] dEa A
& ZA 8 A7 U5 24kt Cytokinins E7helA] &
+ auxin SHEWA] FelA 2 meg/L NAA S=EwjA] A= v
ny 5 280 ARG, 2 mg/L [AA B=v]=]| ol A= o)
F 11d F Fg2o] PAEsTh 2 mg/l 2.4-D ©=w) Ao A
= W 7Y & BEA FAdo] ASA Yesked, wj ek 11
d R E&A FAIE FIEA Z3t 2 mg/ll
picloram GHEHlA]e] A= vl g 59 FHE DR A7 GRS
Lo, gk 10 Foll= AejAZHE Faa JHde] dha
o piclorame Bejh G4 2 7|3HEE dlf ZEFE
auxing-2 & < 99tk Auxin 27¥skA] 22 kinetin (0.05
mg/L) BElA|e| A v 8Y HH Bajh FAdo] df
wekald| Jebd o Zb auxinEF kineting et wjA¢
Ao EE ag od 2HH Aair 345921 24D
#| 2|1} picloram SEwA]| oA 8] ek AP B o= B
Aoz Ze} ). Picloram SEwjA]e]A FAH Al 2
S A A E f2g A3 W 2Y F AN 2
Alxze) AiEde] dojur] Alzepdon w49 S
A3 Frzde AZEdsd o5 EEHAZERH fdd
meristematic nodules FAlo] BA=Hgiom, vjek 74U Fol=
meristematic nodules 2] A E2d0o] wEd Fu g Y=
-+ 24 S4axo BHAF PASET

o=
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