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Shoot Proliferation and Plant Regeneration from Suspension-Cultured
Cells of Dianthus gratianopol

Joon-Chul Kim’
Division of Ll'f¢ Science, Kangwon National University, Chuncheon 200-701, Korea

ABSTRACT Conditions for efficient organogenesis and plant regeneration from Dianthus gratianopol suspension
cultured cells were established. Shoot-forming calli of glossy surface, pale green and knobby type were selected
from leaf explant-derived calli and were suspension-subcultured every week in CP liquid medium with 1.0 mg/L
2,4-D and 0.5 mg/L BAP. Combinations of 1.0 mg/L 2,4-D and 0.5 mg/L BAP, and 1.5 mg/L 2,4-D and 0.5
mg/L BAP were effective for the induction of regenerative callus from the suspension cultured cell clusters.
Multiple shoot primordia were initiated from the green spots of these regenerative callus and formed shoots on
MS medium- with 1.0 mg/L TDZ and 0.5 mg/L. PAA. Shoot regeneration frequency (calli regenerating at least
one shoot) was about 87%. For plant regeneration, proliferated shoots were excised and transferred to MS
medium with 0.1 mg/LL NAA for root initiation after 9 weeks of culture. The regenerants were potted in scil and
formed the flowering buds and petals. Also, adventitious shoots were formed from the excised green shoot
primordia of regenerative callus and these shoots proliferated successfully and regenerated to whole plants.
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M B o] & o] &gt AEF2] HAdo] &= il 3t (Sparnaaij et al.
1990). o]&2 T2 AA(EL), HICHH) 2 &) T
sjefol S (Dianthus)e 3o] oFggi Y77 &= = T8 HAE AL ot ol2gk M Fgel e
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vt (Villalobos 1996), %7]222 (Radojevic et al. 1990; Frey
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XTHHO]:OI EJ—’—E] H}_ )\}\
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Dianthus gratianopol subsp. rosafeder&- 735 547
YO ZHE T ol A A AL AFddon 5 -
AF-§-3]

10 mm«l AxA 9ol FY122E M AER

A& A Yol A 0.4% NaOCl &l 25%
o SRR 33 AHeieich dEd
xﬂ L 27]2444x1]—‘: 77} 0.5-1 em® A7) 2 el MSH] o]
sl o, 2.4-dichlorophenoxyacetic acid (2,4-D), a
-naphthalenacetic acid (NAA), 6-benzylaminopurine (BAP),
thidiazuron (TDZ), phenylacetic acid (PAA)E 2| EA=
WAz 8T

r_{

#Mejaol FE ¥ Shoot-forming (SF) ZE{Aae| M

oJAHA 9} 7 HHAE 0.1-2.0 mg/L 2,4-D9} 0.1-1.0
mg/L BAP7} A7} MSulix]o] HZEste] ABAA424AE

34Uz A gl WE AT 27°C g
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DapA v s g 5449 SF Ao At

SF Ze{Ao| BHEM|QS
€ SF 71131/\5—’_ 70-7.]] ;(}_E—_ ko3 ,)\gﬂ]ah 0.5-1.0 g 71131
% 250 mL Erlenmeyer flaskol] 50 mLe] CP (CLC/
Ipomoea basal medium, Duchefa C0228) #Aju)=]ol] 1.0
mg/L 2,4-D ¢} 0.5 mg/L BAPE A7}sted 27T, dAholA
100 rpmo & e st gl 1718L 349 3
Aog o] $2= U5y HF o2 Aujgstgd e Aok
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SAS program (Version 6.12, SAS Institute Inc. USA)2 o]
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AW a ofla} Wixe] 24, lekEAD) o] web

Fatol ZA Aold Ao deA Ar:} (Frey and Janick

1991; Jethwani and Kothari 1996; Chang et al. 2002). D.
gratianopol2] 782}~ o TS A EAAFHEZL
o 79 8 sfelstad g £7] BAME 24-Dst
BAP7} H7he MSHiAo] A4ete} el fmgs 2A)
ShAch (Table 1). wjof 25 58] QABA L] Aerwo]A
Aejzrt A7) AlFele 29 AAs Gilste Ae
BEY e dduA BE xitolMe et
FrERow 27) duAd e Ayart dRE F2s
2} eba ARzt ke nARE Aol FEAA YebTh D.
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Table 1. Effect of plant growth regulators on callus induction
from the explants of leaf and stem in D. gratianopol’

Plant Growth Regulators Callus Induction* (%)

(mg/L)

24-D BAP Leaf Explants Stem Explants
0.1 0.1 & 0d*
0.5 0.1 34c od
1.0 0.1 48¢ 4c
1.0 0.5 82a 1la
1.5 0.5 78a 0d
1.5 1.0 46c 0d
2.0 0.0 38¢ 0d
2.0 0.5 64b 7b
2.0 1.0 46¢ 6b

* Mean separation by Duncan’s multiple range test at P<0.05
*Percent of callus-forming explants per 54 explants.

gratianopol®] AAAAZ 1.0 mg/L 2,4-D} 0.5 mg/L BAP
o} 3R] of| x| dsti-g uf A7) 74 &)

HE
o] YEBE w2lsle] RPo] ofs] Me} A3 shoot
A8 FIAZ 4= 9= 99 Az XMHS FQ3)
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Figure 1. /n vitro various developmental stages, plant regen-
eration and regenerants from D. gratianopol leaf explants. A,
Shoot-forming callus; B, Suspension cultured cell clusters; C,
Regenerative calli with young shoot primordia; D, Multiple shoot
primordia with 1.0 mg/L TDZ and 0.5 mg/L. PAA; E, Plantlet
with roots on MS medium with 0.1 mg/L. NAA; F, Regenerated
plants potted in soil; G, Flowering buds; H, Petals. Bars in A
and B = 100 gm, Bars in C, D, E, F, G and H = 10 mm.

s AEAo] gul AE59] AA &l NH 5
%7k 20 mMell A 10 mME Zrawof A3t 53] F3]7]
e A £ e Aew Rustdt)h (Kim et al. 1998).
D. gratianopol2] FEUAEAN = CP H|A]= MS #i%]
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Figure 2. Effect of 2,4-D concentration with 0.5 mg/L BAP
on the induction of regenerative, unregenerative and browning

callus from shoot-forming suspension cell clusters derived from
D. gratianopol leaf explants.

MS zA R o] Zj4ksled 0.5 mg/L BAPS} 2,4-D 5 =0l
w}% dehjd AEA e Ao FHES TS

o} (Figure 2). 1.0 T£3= 1.5 mg/Le] 2.4-D7} F7bd ) 7o
N ARE AZAE FRA0E AZRDS FEHS o
A=) W B9 AEAoe] F9d BH5S A&Hg v
0.1 == 0.5 mg/Le| 2,4-D7F H7bel Aol e 1~-357
A AEEGo] o) T o)t BEL YA
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olofl xks) A F-AA| 1L

= A2 E shoot 9171E

(regenerative)o] T

at7] $18f AHg-stay (Figure 10).
(non-regenerative), 2 (browning)

WA e o mAeh o

24 0.5 mgL BAPS 1.0 mg/Le] 2.4-D9] %3 FEE

1

MS Ak CPAA R o] wislE Bk 2719 B
o] gl zAo] AUdk A% w4 Ml {AS AL
FEo] Qe Aad dud AAAYES & F AT
Aghul AL ZRE ol AEEeHl e AP
22 2-E] multiple shoot?] AE3}E Eaf A& 1]94 =
ZAG AEstaat ol WHAE PAAS TDZ F3-7ol

27 24ek2] 453 theke] shoot 97|E A5l multiple
shoot2 ¥}l ) (Figure 1D). o}5 e 0.5 mg/L
PAAS}0.1 mg/L TDZo] E3-¢l MS A3-3}ul 2] o] 4] shoot
&4 8o] Pt 87% (A~ 7 g 7)) o)< shoot FH)=
=9k1 (Table 2) 37} WaEo] =7 (green spot)

HAd et Wi 7 RE = ohge] shootE F2 kT
933 multiple shoots= A3 A1t E719] Fej & 2
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Table 2. Effects of TDZ and PAA combinations on shoot reg-
eneration from the regenerative calli derived from D. grafi-
anopol leaf explants

Plant growth regulators (mg/L)

Shoot regeneration*(%)

TDZ PAA

0.0 0.5 18d*
0.5 0.5 49¢
1.0 0.5 87a
1.5 0.5 67b
1.0 1.0 61b
1.5 1.0 55¢
1.0 2.0 59bc
1.5 2.0 53¢

shol| AE-H= ABAAFZEHELJ = cytokininA| 2] BAP
9} auxinAl 9] NAAYF E344¢ Aoz dejg oy TDZ
o] multiple shoot &4 Fx3le] PSS A& Fof A
2] 22 55 shoot 7] Z2)o] o] &AL AAMEapTAl
A% axinAlZ thgdtol gL 22 NER 58 5 o
31 3k} (Malik and Saxena 1992; Murty et al. 1995;
Casanova et al. 2004; Nontaswatsri and Fukai 2005). T3t
PAA= D. chinensis®) QAAA F) AH22EE 7@
uhe S5 3ke] shoot 7] Z2o] o] &5 2ith Jethwani
and Kothari 1996). D. gratianopol®) 73&]~Z5-E] shoot™
Aol TDZE o]83d Hi= §lxvt Table 2049} 2ol
TDZo] sj&o|Z< D, gratianopoldl Z# 40|31 1.0 mg/L
TDZ3} 0.5 mg/l. PAAZ} 288 MS Al-ghu)=lo) A 87%
9] & shoot A EFS Bl D. gratianopol 745+ TDZ
3} PAAZE o) - 23S 4§ ik 271 RA A
a9 SF Zej~E TDZ3 PAA7ZF E£3He ARl =]| o
A shoot7} EAE = A, NAFAS Hslxe dehl
kS B3 v wde AEHE de Aol v

gon o]58 AR}t 7lee AR fieste] ok

he
i=

AAEAE A= Aol vl oo geEoT
g g3 271249 xﬂa‘ PAAS} TDZO] Ef};ﬂ

[ = B 4
ol @ %4 24 glol z-g Azye A%

= =~ A4
shoot= H33H7 & 4 b fAHoE QHdd 425
A2 92 4 e Aoz ARd,

6-8712] oYL 71 71W A4 EAE 0.1 mg/L2
NAA7Z} Z7bE vix|ol A 45:7F wlofalol BelE Eat
t} (Figure 1E). a7} 459 &3} A8Ae 15709
53}9}42 E3) vermiculite9} perlite7} 1:12 E3Hg 3}
o o)23te] BEoko| BRAAZ oM 89} B AP L
o] o}A18 D. gratianopol®) £33} HnF-S w A7|7}F F0]
= okzle] ol wgolt AMHoR 2 HEjH z}o

s 5 gle} (Figure IF, 1G, 1H).
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Figure 3. Adventitious shoot formation from the excised multiple shoot primordia of D. gratianopol on MS medium with 1.0 mg/L TDZ
and 0.5 mg/L PAA. A, Multiple shoot primordia; B, Adventitious shoots from the excised primordia; C, Proliferated shoots. All

bars = 10 mm.

Az weol Yle Ao xdA FAE 54 Jo AV E
A3t & o5 AAAZRE A Ao} (adventitious sho-
ot)2] BA o H-5 FALEIGITE o5 3ol FA4 shoot ¥
7] AHAAZ 0.5 mg/L. BAPS} 1.0 == 1.5 mg/L9] 2.4-D

7} 282" MS A= 2} 1.0 mg/L TDZ3} 0.5 mg/L
PAAZ} 239 MS AEspul Aol 2174dsted 27C A&7
(215 pE -m” - s) R4 wgst A3 mE WA
BAolzt H4E Q0 1.0 mg/L TDZ3} 0.5 mg/L. PAA7}
23 MS AEsHai Rl A 53] F-Aole] Fado) wig- &

35t o] SR EE thgo shootE EEAO0E AL F
AR} (Figure 3). Auxini} cytokinin®] A}E-& wj <]
223t g Esfol glo] WA adot 24 HHAe] =
Aol whe} vkgo] Tl AL @ 7}kx) golo] Bolslar %7]

wiolth 2 s 484 F90d WAsEZEY F5 0
Saolol Q134 o8l agle] Sz Zobds )
013k Ag3t0] WA 7 SBA} o] 24905

qES 7] Wi Aow MZET} (Jethwani and Kothari
1996; Yancheva et al, 1998). 7}v|o) A (D. caryophyllus)2-
71 &3S 53 multiple shooto] 523} A H ) 2 HE]

A7 BAoLel AT WAl So] 753 Ao w AR
o A3 THo] e A2 =2 TDZ, PEG 6000

3} casein hydrolysateS o]-&3}o] H-Aols HAAZE]
A4 Bt o] AEA F2 & 7 A St (Kallak
et al. 1997; Yancheva et al, 1998; Nontaswatsri et al.
2002). AL} 50| Sl AYARRE 7| A A o A
Ax= 123} ool wel PODC (pre-organogenic determined
cell)9} I0ODC (induced organogenic determined cell)=
ol 7Fed == Yok PODCY Z-¢- miFdA ZA 7} o]
o )Rl AAEe 2 o) ARW wgET F
W Aejzo] 44 glol =AomyE A4 shoots ¥33}
A = 4 e HEZA PODCE £ shoote] th54o]
AR e £A4EAE A b wEd Qe
Holt} (De Jong et al. 1993; Yancheva et al. 1998; Non-
taswatsri et al. 2002).

TDZ3} PAA7} A7}8 MSulR| 9} 27°C 91423 (21.5 JE -
m” - shZA-L D. gratianopol€] 71U] shoot 7] AAA|
236 45 YAoe) 942 heA s A 2ol
AL AT AU A AE AR 219 AEA Y] AR
spol a4 B o e 49 shoot Aojd 5 AT
(Jethwani and Kothari 1996). &3t o] & shoot= 0.1 mg/L
NAAZL 2718 iAol A EE Wy #334-& AA
Eoko| o|alEo] AAAEAZ Asteln.

A2 58 D. gratianopol 2] AF-3} FHo] e A
2§k shoot 4 41719 A ol82 A4

A} ol Ry el AA $42 71eA shc

bl
ko

s @ o| £ Dianthus gratianopol QA A 25 7]

F7lste] o Felo] ol XA W
521 o] shoot-forming Az A2 st G719 A
ZHA Al231 1.0 mg/L 2,4-D9} 0.5 mg/l. BAP7} X3
CP dAuf=]of| A T HH o2 ﬂltﬂuﬂ"ké}&] oY SFE
Blo] 2ol XU AXEHNE A& 5 UL olE HEF
£ 1.0 mg/L 2,4-D¢} 0.5 mg/L. BAP, 1.5 mg/L 2,4-D¢t
0.5 mg/L BAP9] MSatauj=]elj ] st wf AE3ts
Ho] e AY2E FET F YU o] A2 1.0
mg/L. TDZ3} 0.5 mg/L. PAA7} 3% MSH| 5o
A3 ey ke 7] A&t alY 47T R vl
shoot 717} @A =) a1 shoot =2]0] 7531510 Hit 87%
9] shoot HAHE-S B} Y 97F Ao shoot= 0.1

mg/L NAAZ} 37He wixjol A e g dAdste] shejeh =

it _lh mlm
) l% LI

% %%31 Ae AT AEAE AEE A

3t A3t sl e AYs A A8 dds 4
ﬁd A& 1.0 mg/L TDZ 3} 0.5 mg/L PAAZ} X3h5 MSH)
23l mi|of 4] AH BAHols P o] FAolmn
] Thako] shoot F2lo] 7h53te] AEAE ooz o

o A=
< T AT
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