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Effects of Ascorbate on Somatic Embryogenesis
in Carrot Cell Cultures
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Abstract This study was conducted to elucidate the effects of ascorbic acid and dehydroascorbic acid on somatic
embryogenesis from the cultured cells of carrot. Ascorbic acid in culture medium merely stimulated the proliferation
of non-embryogenic cells but dehydroascorbic acid in medium induced embryogenic cells from non-embryogenic
cells accompanying the inhibition of cell proliferation. Ascorbic acid in medium inhibited somatic embryogenesis
from embryogenic cells while dehydroascorbic acid in medium enhanced somatic embryogenesis from the cells as
well as non-embryogenic cells. This enhancement was limited to globular embryos and the maturation to
cotyledonary embryos was inhibited by dehydroascorbic acid treatment. From the above results it is suggested that
carrot callus cultures on medium containing dehydroascorbic acid could quickly induce embryogenic cells. In
addition after brief culture of embryogenic cells on development medium containing dehydroascorbic there by acid
the subculture of the cells to MS basal medium resulted in the high frequency production of somatic embryos.
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N = 2FZH5 Aol sl Al&alAl 2T (de Cabo et al.
1996). 18} Tylophora indica®) S+732H O 2 RE 254
ABE Q3 R FEeAG) B ofATNAL ZAE
£ vehl#] ¢kkt} (Sharma and Chandel 1992).

B o) AAEN AN o}ATNNE Bt

AEHAS A2 5E BEHA T XY G} I
712 A= 4 9tk o} AFHIAL (ascobic acid)E A&
WA Zo] Atsle) sl Bl A His MEEY Ao g Al S dAlgtE B9k (Earnshaw and
ZR&= (Citterio et al. 1994) FAld] 7| AEFHE § &3} Johnson 1987), 7+z}e] ohaj|okol| A sl ZZ%che Ab
Ziog AuA ot Gn) A 2wk Tylophora indica 2 vkEl B 7} ok (Tiainen 1992). I8 0] w2 5tol|A]
Corchorus capsularis®] ZZ|goll o} 2ZNME A2id 3 AMEe] S 9] o A17]17} AAESo] BeA] F9
S+ HAZot AL FFAFIH (Joy IV et al. 1988; Sharma WA= E ofAFW4ke] kol vl AJAISE #AL o] Fo]
and Chandel 1992; Seraj et al. 1992) ulo|A] RAIL o} R A Qkoktt. A AlEufe] A A 2 v X2 Adof whel AN

25E AsuEe sgo] ZTE AL (Choi et al. 1994) vl
;éo};esp<)ﬁding author. Tel 0652-270-3353 o] 237 WHolzl dojy= (Soh 1993; Wetzstein and Baker
E-mail sohwy@moak.chonbuk.ac.kr 1993; Soh 1996; Soh et al. 1996) 7 9-%= Ut} B 432 o}
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32 SAEZ (Daucus carota L. cv. Hongshim)2] £z}
£ 70% ool 187E 183 1% sodium hypochlorite
g0y 1587 TRALRY T T2 SR42 43] AR5
1/2 MS (Murashige and Skoog 1962) 7] Bl x|efjA] Fzwt
oAl T WoldAd S AX F21&59 A9dH S 0.005
uM -24-DE 713k MSujRo wfetste] B AE FiEs)
HAA o] BYAE 3F7 Migst < vjupdal 2 iy e
28 AEste 24-DAA MS7|2E|AE 2 T2t 7]
o 0.1 uM o} A4k 0.5 uM dehydroascorbic acid, 0.005
UM 2,4-D, 0.1 uM ofAZFHIAE + 0.005 pM 24-D, 0.5 uM
dehydroascorbic acid + 0.005 pM 2,4-D, 0.1 yM o}AF 04k
+ 0.5 uM dehydroascorbic acid & 0.1 uM o}2=EH 2 + 0.5
uM dehydroascorbic acid + 0.005 uM 2,4-DE 713 wjX]
Al 8z wicksle] ZAAZAT (H7EAY AAFEE o
HAEE AFA AReh. o|zto] F21E HupAY # wind

A Azl YA FHFE Wl Adel A 28X 4
ZEFFE 60C F2710A dFof AR Fol| SA34E
o} $HE 8U7F AAEFAE AR vuidA E widgde s
= e 1009 e AFshe 3H4 1¥7) (HB-201
SL, Handback Scientific Co.) ¢tollx] MS 7] 2ulz]¢l ujt
A Aol Al eFele] 35 Fo vl ST (Soh
et al. 1996). ¥|FZ AL 16A17F #37] 25umol - m” - sec’)
stell A 25CE FAFHAUTE ¥ 2] 74 widA v oA
Aolzl AA = s F Hnl7d sellA] YATAEE vpro]
#HEHHh

z 3

HHpEAY A o] FAof ol AFHIA A &8 0.005
UM 2.4-D 2 0.1 M o}FAZH + 0.005 uM 2,4-D2] A7)
oMz Felet £2 a5 Ho AETFo] ZutHYeY A
SEE ofAFHI ©E AHIAAMT F7HHAG E 0.5
uM dehydroascorbic acide Z4AA TS BP0 ojuf
o] ARG ofAFRI ZRATAAME I EHA] U
(Figure 1) dehydroascorbic acid9} o}AZHlak o)9je] t}2
ZEAPAME BT 54 AA7F derdt A FE 455
FF 7ZHAH ek 18y dehydroascorbic acid 2] @] A4 A&
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Figure 1. Effects of ascorbic acid and dehydroascorbic acid on cell proliferation in non-embryogenic (left) and embryogenic (right) calli of
carrot cultured in liquid medium. The cultures were conducted on MS basal medium (A), and on the same medium supplemented with 0.1 uM
ascorbic acid (B), 0.5 uM dehydroascorbic acid (C), 0.005 uM 2,4-D (D), 0.1 pM ascorbic acid + 0.005 uM 2,4-D (E), 0.5 uM
dehydroascorbic acid + 0.005 uM 2,4-D (F), 0.1 uM ascorbic acid + 0.5 pM dehydroascorbic acid (G), and 0.1 uM ascorbic acid + 0.05 uM
dehydroascorbic acid + 0.005 puM 2.,4-D (H), respectively. The cell proliferation was evaluated by fresh and dry weight after culture of 8 days.
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Table 1. Effects of ascorbic acid and dehydroascorbic acid on somatic embryogenesis from non-embryogenic cells of carrot in MS basal

medium.
Embryos Treatment
Free AA DA 24-D  AA+24-D DA+2.4-D AA+DA AA+DA+2.4-D
Total 0 0 340449.3 0 4413 462+71.2 830+89.5 2481204
Globular 0 0 196+52.6 0 2+1.2 343+65.7 6931934 172+ 14.8
Heart 0 0 123+22.0 0 1£0.8 97+20.8 111+£134 58+11.0 .
Torpedo, Cotyledonary 0 0 21+ 37 0 1404 22+ 65 26 59 18+ 3.6

Non-embryogenic cells were cultured in MS medium supplemented with 0.1 pM ascorbic acid (AA), 0.5 pM dehydroascorbic acid (DA) and
their combination for 8 days and then subcultured in MS medium for 3 week. The mean values £ standard errors were obtained from three

independent experiments.

Table 2. Effects of ascorbic acid and dehydroascorbic acid on somatic embryogenesis from embryogenic cells of carrot in MS basal medium.

Treatment
Embryos
Free AA DA 24-D AA+24-D  DA+24-D  AA+DA  AA+DA+24-D
Total 142+£152 35+£19 845+78.8 119£23.1 0 24443 9+1.2 13
Globular 89+200 18£1.2 5814800 1124247 0 2154 9+1.2 13+5
Heart 21+ 3.7 12£07 192135 7+ 22 0 3+08 0 0
Torpedo, Cotyledonary 32+ 4.8 5+1.1 724£119 0 0 0 0 0

Embryogenic cells were cultured in MS medium supplemented with 0.1 uM ascorbic acid (AA), 0.5 uM dehydroascorbic acid (DA) and their
combination for 8 days and then subcultured in MS medium for 3 week. The mean values * standard errors were obtained from three

independent experiments.

3
T4 de F7FE Bt (p < 0.5). HpRA Zejze] of
2 Agstd F4o] FEA T Aere B4
WAstE A ok viuiEA A itk Wbl dehydro-
ascorbic acid HzJol|A] FA2 AAHAAT A2 A7=
A3 T2 EHe AZAo]l FIFIAEA wEA AeiE
Halsls AL 808 4 AT (Figure 2). ]9 722 W3}
7} 2,4-DAE7} vk = vehA] 221 dehydroascorbic
acid®} 37| 2,4-DE AZ)shd Al Wishyt veptA d

ghA bl o] 242 0.1 uM o AZ R Ee] ¢
3 ek7l oA =Y 0.5 uM dehydroascorbic acid 2|2 #A]
A AR W o}~ kI dehydroascorbic acid 33| 7]
JME AR AAE B} (Figure 1), 0.005 uM 2,4-D <]
Aol M FHYAE Kol 2,4-Dol] ofAZHIARE £
MYt ol FRg FA4FZI0] YolA AFFYE AF ol
25 =790k 18y dehydroascorbic acid7F 2832 H
W ET FAo] A EAck wdA e ofAFuIAb
dehydroascorbic acid& z}zt A dle] dold Az= uluj
Wy Aeize XE)E Feeke g2E B S ARt o
ofuy el B4 Wste o] =FollME #EEA ettt
(Figures 1,2). 824 782]~of dehydroascorbic acid& # &
S AR AFHF o AFHY @ 2T vissid ¥
317} A

MS 7120 A] o) A] vl A AE vikshd 35 T
AXZej= AE BAAER AU ofAFHIAE At

AR e Ay SRR A gokom 2,4-DE AT A
o= w2 HAl douk] gttt (Table 1). Z2ji} )
et 22l A5 dehydroascorbic acid F7 x|l A] v oks}
o w A AT H3he] o] (Figure 2) Alth Wik 357 & A
A Zejrt 34070 2 AFEJ=H (Figure 3) o] AA|xu=
FE7Y kel Mg AT (19670) A7) MR ASE
A9 207 RRew ofF A olxZ¥e] 24-DE
ZHA G HfolE o A Aoz ujdAio] ot
=t dehydroascorbic acidE o}~ZW Ak et Elsha o}
Z wo A Ej7t AT (8307H) 2,4-D dehydro-
ascorbic acid?] Zg| 4% dehydroascorbic acid T5 *| &
BHoh gol LAHAAT (4627]) ok LFWILH + 2,4-D +
dehydroascorbic acidE 2§ 2)6PH dehydroascorbic acid
w=Age] AR} ujge] A Doyttt (2487)). 1
B2 dehydroascorbic acids= B]HjAl Mei Az e o)Al
AHEE ARA A7 BAHES TGS & 22
2 YePgdt) o9} o] A E AMEHIE% dehydroascor-
bic acid TEA oA e} Zo] o] Fitujel mF-Em
ARG A5HE A9 ok Al

w2y A AE MS 7] 2ul x| o)A vl ket 142719] AA
Fuj 7} eI = ST (Table 1, 2, Figure 3). 121 MS 7]En)
Aol ohABHAE Bteke) W AMEAe) WAL
/401202 ZhaEo] 48 Axlddol bttt (3570). o]
9= @ dehydroascorbic acidE F7}3E vk A= MS
71Ruj Aol Wikt 9o vimd o 6uf o)ie] wikaiel
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Figure 2. Non-embryogenic and embryogenic calli cultured in MS medium without (A) and with 0.5 pM dehydroascorbic acid (B), (C) after
3 days (A, C) and 8 days (B, D). The cells in non-embryogenic calli are elongated and vacuolated (A) but some of them show embryogenic
characteristics (B, arows) such as small, round, and dense cytoplasm. The characteristics of embryogenic calli (C.D) are unchanged during

culture period. Scale bars represent 50 uM.

Gojibal A et F1ANE et (8457). MS
712 Aol 2,4-DE #H7tste] i A e 25 wiokd 739
© Z7) gL 24-DAA WA oA} Z9EAIRE 24 7))
2 A5 dojur] FUL tiFwe] Al HEE U=
7oz FAHULE HH 2,4-De ofAZUIAE M
ujzjo A AA = AE LA A etk 23 dehydro-
ascorbic aciddl] o} AF R4S 27} wl Ao A= M)
7} ol FHA wrAHATE (217)). dehydroascorbic acidol)
24-D B 2.4-D&} ob2FHIE ZFA S A9l A4
Fujo] Wafo] of7t o7 A7 7HA] A= E A K8}
T Aol TR oj9h e AxEs ofAF Al Uit
3 Mg wiHAggAE & HAoem E F oy
dehydroascorbic acid= vlA 9] R zE vjo] 552
By PR ZHA Jehdie RAoE Hoh

L

AE el FAAHA st ol FAEA Aire] 7]
Z7b H wzAL 713Es e AA ) daAyE
ARXN FAEAR Y F Ao 7)FEEE ok
59 ushAo) o8] FAHEZ A4 BN Yol
AoR dupory QAL DAL ojo) AHIH HAoT
Mg 8ol HeEE Aeg2 B AT (Earnshaw and
Johnson 1987; Joy IV et al. 1988; Setaj et al. 1992; Sharma
and Chandel 1992). A Ex] e oz wjubAlasze] A
WEEE AZEY dybE o2 2 4-Dufj Al A wiFehs 3t
of wpAMEsE FEETE B dglA uplday Azl
wjkoll x2)E dehydroascorbic acid®= A #A =)L A
SHAAIT WAy A AR AN Z oM 24-DETE wjEA



Figure 3. Somatic embryos formed in cell cultures of Daucus
carota. Embryogenic cells were cultured in MS medium with 0.5
uM dehydroascorbic acid for 8 days and then subcultured in MS
basal medium for three weeks. Many embryos arrested at globular
stage (G) and others matured to cotyledonary stage (C). Scale bar
represents 500 pM.

A 2E FEshs &3yt FA FRYT (Figure 1). 12
# dehydroascorbic acid ©]9]9] Atsh ZAA|7} vjupdAg 2
YAz RE W Ae A8 fEske 982 7L dEA
offe] g0l P 3tk ofAFWIAhE Bl A
2ol 248 24-DAVMIA MR B FXAZoH
(Figure 1) T2 AEAAXH AZFYE FHEAE BA
(Liso et al. 1984; 1988; Arrigoni et al. 1989; Innocenti et al.
1990; Citterio et al. 1994). ZL&{u} o9} 7+-& Z2&71 ul
s PEoZE oo R L33 widd A
22 RE AAZH DAL AAEE Tl FAFAr

w3t dehydroascorbic acidA| 2]l AN HAZRE =
EEo|x vl A2 REE A E S S5t
A E28%=0 (Tables 1,2) o)uf thi-E-9] vix 4] A
710) &2 AQL AF7 M2 A5 258 A=Ak
ofo} fAKE A A= diFRAu Gl FHEATE B
2] 24-DEjA A MlFE ZHORRE A xe) A
FARRol A Bl EE g o 2GR o] HAIEHAU
t} (Choi et al. 1994). 3+ 2 4-DajxJol| A A& wjokd =5
gxAoznvy Y ANINE 99 = HEYS 4
e /I w2 BAEE FERF oPde]l FHIUY (Lee
and Soh 1993). o)} 722 g0l AMEH] AYidel] A2
ol A Ay 713 & givh

S gr2o] Al Eul ool Al uf EAfuR] o] A 1FUo] A
G E opAFHIAL AP A EE B A Aow
H 759t (Earnshaw and Johnson 1987). 0|59 &4
ofAFUIALL. A)71Ako 2 Ao AzlE Alojth B HeA
Fhol| A} ofAFRIARS kAl A B 2ol A2t 74 EAE )
o] htpr) pAble] HEHT AFZE GREFES 1/6
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uholl HZ] gttt I ER obAFHIARS A Fuje] F7i4
&S JAshE Aol SAHATE 3HA vz Aot
A2 A ES2] A AH 2] TR IFe] g

Zo] © & Aoz WA (Earnshaw and Johnson
1987). ZHEE ofAFulAbe] AAxu] FAe] A ale
2 Aese 2L A3 B39 AAFEY fAE 2B
7171 2o 2 Holn PAge Avks 19 2 7239 &l
A T £ gl Aot (Tables 1, 2). 1] 7o
o Foll A= of2FHIA T S Mol 7 v
Zz)o] B39 v} lth (Tiainen 1992). opAZTWALLS. fujj ok
Fol Uehts Zdel ost AARZE ds7le &
UER 22 AXEu o 22E e SAdE vl
ezt 2R ok vlA ke Aol Yls ool GRS
2 47han

AT} AAES FolE R FAENY PP
3 293 AuiE zAl Bk B Ao gtA el FellM
ofAZHIAE Aol 28t wuRAAH 20| A& 0] Ths
& RE sk ole} o] TR W] dehydro-
ascorbic acidZE Halsted WE AJdUjo) gy AeAE o
ol £ gl ujdkl Aol AHRTE dehydroascorbic
acidZ 713 24-DAA wpZAdui Ao A wjekst ke MS
712ufzlol Al stEA A EHE ASATIH GA L
el AAEZME iz Jatgd 5 e NEL 4347 2
Re g 7jdigch

A - BRTs mgr ZHgats A9 4Tz
AYe &

(BSRI-97-4427)° &laf Fai=glon ddS =9
Agdsty detd YEstd o7 tishgdlA At

oz ga7a .

F29) WP EERE AME ) DA p)A)= of
2414+ 2 dehydroascorbic acid?] F32 8H8]7] st
Y-S AEstAch v A £ wikel X2lH ofLF
e N FEZAS FXUAHE Bl dehydroascorbic acid
A S AAAIHEA A ER HEAZ] B3

S AR A ZIA T dehydroascorbic acids # A ) EHAY
S Z2XNZ 28y ol9h 2 IAFZL A F
gEng Adde 23y Aol o)t AFHRRH
oyzol A Aokl dehydroascorbic acidS Ao w2
Aol midAHA~E SRS o3 dehydroascorbic acid
H7y Ay R A 27 A 71 ZF i 5 MS 7]
2 A woksly TNEe MM EuALt AEA7E dYE
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