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ABSTRACT

The effects of sizes and densities of cells cultured, conditioned medium, and media
pH on the somatic embryogenesis of carrot (Daucus carota L.) were examined. A large
number of globular embryoids was formed after 4 days in cell culture, and later
globular embryoids developed into heart and torpedo shape. High cell density resulted
in higher number and better growth of embryos, especially on conditioned medium
than Murashige-Skoog medium. The fresh weight and number of embryoids formed
increased with the decrease in cell size. The significant reduction in fresh weight and
number of embryoids was obtained when culturing cells with diameter of over 90 ym.
Dry weight and number of embryoids were markedly reduced with medium pH of 4 or
7, but promoted with pH 6.0.
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FEZA E9 YA 5L vl Fs] 7t (Drew, 1979), WlAW H7EAQ FF9 FE (Pack et
al, 1985), Wl 37 (Kessel, 1977) o whet @ Aoj7t Q7] wiEo] olel w3t 4-F7}
NEEFFANA Hol AP Qhoh. MEFA AZ2HHY WdAde AXE]Y J354
o] 9§ Aoz (Stewart et al, 1970; Wetherell, 1978) A ZEAA WANZ F&235E& A
EqAEDo] wWlutel 8% JFE vlActE Aol F# A )} (Halperin, 1967; Hari
1980). B2 wjwrAg 2237 AN E callusyt $oidlz friabledls] Ao o
Aol AT 2/ 2AY A XL Wit Ao FolutE F2 38} (Jones, 1974; Weth-
erell, 1978; Vasil, 1982). =& w3 Az =& A s ANE f&5& A2
Ab EAS o] has]s] W Eol witgo] Asid ez F&3hc} (Halperin, 1967). ol &
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EAE A37]) A A cell platingA]o] = conditioned ul 2] & o] &3}l colony & &-&&
Fol71 % §t} (Paek et al., 1984). 28\ BT AAZ o] FA i & 3 A7)7] S8 A
conditioned W] A & o]-&3 A= Hari (1980)9) HiE A3l AY Fol & & Q&
AAojct, el 2 AP AFAA Fol ¢HAA g2 WAz U E ZdestAY
AXL Fd%ol & AZALE Ad3te wokstgd & o g X 9%} condi-
tioned wjA] 2 pHe EaE 79 71984 AAGHA

MHE R Bk

%{L(Déucus carota L.) cv. 2239 A<y FegzxA g z2arzz AGAE &
2]3}o] Murashige-Skoog 7] E-ul] =] o} White&] vitamin®} 2, 0mg/l 2,4-D, 1g/l casein hy-
drolysateZ H71& #iAo] AFsz dAE A callusE: FYAAL. FAF callusE
friabilizeA] A & =hwl) Fotrl SAA LA AHzA & AAG callus ZZ] gk Bo] 1 cm?
7 2mm FEHA A% ANNGALE o] LA WAL FRPLe FES 20
23 MSe)] Ao Whited] vitaminz} 2,0 mg/l 2,4-D, 1.0 mg/]l casein hydrolysated 3 7}A
A ARl FE WA 2ty eh. Friabilizedd calluse gAe ol A W gFalmia 47 4oz
A of f Fak o o}

uorga. WlokNe] LEE 2541CE ;’éi?f}?\i o e gE T ASde F35(600
lux) o-2 164] 7t zmstg :

W YTIZE R HEMES BEY I WY ojxE g A X g d il =
3 AYE MS 7 Zuf o] White vitamin®} 500 mg/1 casein hydrolysate, 3% sucrose® 3
Fpake] Wl okl o] pHy 5.72 ZAsA. AT w & petri dishgd 5mly FFaiz
Az 27 75pm vwtql ATE A2 AdRoew AEYEr} 2.5X10%/petri dish(5ml)
HEE AEskel Wit 627 W FsEA 19 BAos HFANG FelA P4
= el 49 Fui e zArtge. A ELYES conditioned mediumo] iAol ©]HE o
F& BI918te S EuMAE dgds Aol ALq wiAYg 24 FdHA HPe
), conditioned medium-& BT E 500 mg/20 mls HFEdo 10de] AFA= wjekR &
membrane milipore filter (0.45 pm) 2 A 3}sted AL E A Az wldd 10mlE 33}y
AlAdg o oo 10mle} E3Helel AAE%S 20mlz gt 100ml A4 Zeaag o
9 20mlE BFetL ofslo] AZYEF 1.25X10°5 2.5x10° 5.0x10° @ L.OXI10° $F
bz /‘ﬁ ZF3lg et ol g SEAEr e £EF 90 stroke/E oz ZAZ 257 dehi
5}91‘:}- e Fget Fe 2AE ok 25F 150 um A2 AEE AAZ F 1500 rpm

2 dAEEste vgdg Aodd g AFdvd ez R Ax ass Ax
94' B3 9 pdge] X e JFE Ty 4% 4F-L 5me 90 pme] A F o] $3}
of A 29 Z) 7} 0~45 pm, 45~90 pm, 90 pm> = ®E sz, 2 22 300 mge
AR ¥ 100ml FAgeteag 20ml gl e BFE ALl AFtz FEAPI
A 257 AN g W 2FF g 1500 rpmel A QAEAT F AAR A
29 JAFTE A9 AF ol st FAH Wit AAT F A AL 4
FEuF el A W FY5E z2Aetg o
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= AxY asidz g5 oS Gelrite (Kelco Co.) 0.2%F H7Msto wtE A ¥ =
| At 857 Wl gelHA 1F AR AAFY F7HE 2ASIE o

Wi XS] pH7H M S| MF % wer Mo o)Xl 28 MS 7] 2 x]o] Whiteo] vitaminz} 500 mg/1
casein hydrolysate, 3.0% sucrose #7}atqlon] w)ekelo] pHE 4.0, 5.0, 6.0, 7.022
A7 2ASE} 100ml A4S ebeso] P 20mlE £33 70l friabilizeddt 4 X
500 mgE AEF T $ER s (90 stroke/F) 2 257+ S =tul Fatgleh. W 25 F 150
pm3) & o) &3t AT e EF F o) ES 80CER 2447 Azt AEFTE A
39 o}

= £

HQIZH Y MBMEL LE o 377t MM olXE g8 W FAZ=HY W eyAHE
2 (Fig. 1), A2 Edo] FAdA doivt+ Zlol e ubhdel (Fig. 1LA), 92375}
AdtA Qolvk AA AFse] Az BEHol A4S AAH Holv A= FAHAZUG
(Fig. 1.B). Wi k% 3~4Qo] A s AZEL A2 THAGEA £2& ASsx (Fig.
1.C) o] & AlEdojzlolA Y77t FA =] vz =g (Fig. 1.D). Calluse] A
ok 2710 FAEE e AAAA e AL AN A FIF 5 SFE
o] A E FEs FHE F Qo2 A BEE S B398 E e 9o (Fig. 1LE).

Table 1. Embryogenesxs of carrot cells as influenced by culture time?

No. and shapes of embryo*

Days in culture —

Globular Heart Torpedo Total
1 J— p— —
2 — Ju— J—
3 34 — — 34
4 196 24 — 220
5 173 64 19 256
6 142 92 36 270

a: Cell size<75um. Cell density=2.5x10%/petri dish (5ml). *. Some abnormally elongated or
aggregated embryos were also observed.

Table 2. Effect of cell density and conditioned medium on embryogenesis of carrot cells in
20-m! batch suspension culture after 2 weeks in culture

No. of embryos Remarks™
Cell density .
MS Conditioned MS Conditioned
o 1.25x 108 34 56 Very young embryo
2.5x10° 72 136 Heart and torpedo embryos
5.0x10° 98 173 Torpedo Torpedo and cotyledon
1.0x108 192 263 Torpedo and cotyledon Torpedo and plantlet

*: Each stage of embryo development was considerably overlapped among cultures. Remarks
mean the general tendency of embryo development.
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Fig. 1. Embryogene51s from carrot roct callu

A . Actively dividing cells(150 x ).

B : Vacuolated and elongated cells(100 X ).

C : Embryogenic cluster lacking organiza-
tion (60 % ).

D : Embryogenic mass prior to develop-
ing embryoid (60 X ).

E : Mature embryoid(60x).

Vol. 28 No. 2

Fig. 2. Cytodifferentiation of a single isolated
cell (A) and a cluster of cells (B) into
tracheary elements in MS basal medium.

Fig. 3. Embryoids from carrot suspension culture
in conditioned medium at cell density of
1.0x 108 after 2 weeks in culture.
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g AR Fase gl dAd e W g el A wE AXE Y& E o
AR e AX gz dFEdEs] AP & il g 4, A Gl vl g 5dell Z
2t 24, 16747F #A= g AAA oz 2 W 3ol A 4dAbolol W Fol §A 3] F7t
Ao 5dAREH = 4 EIdE PG w3 i gFF A4 W w2AH L A= A
ol = AA AZHA U Az FHA vl 4AQ MEE o FAH AT

A2 Aot WA FHI WP v)AE EFE Table 29 3ok Az "z
2 2 MS ulR] 9} conditioned medium BT AETWEr & 1.25x1054 A g Fol A
77 34, 56702 WAE WY Frb ol Aoyt AXYEst ke web WYt
A3 Frhstg ok &3 Lox107]2 A2 YEE FH& o MS wiAdAE 1924,
conditioned mediume] A& 263/ & w3 A o] A FEdqrch (Fig. 3). MAL FH4 ot
AR EE 2o conditioned mediumo] A EW o] A glo) MSu] Ao va] F A3 57
3t et
=3 o ddAP s A EF v AT 2o ¥R FFel FAglol 1.25%X10°
Ao Ax HAFAAE N4 ofadl wjAs #FHAo T 2.5X1008 HAT A=
ARG AP ws et 2y AZPESE 5.0x10° A& e gelFd o
A kel g FA o] Folsl el conditioned mediume]| A& A58 o Pl 2 s
o], MS ulxo] 1.0x10% WE2 FZFF T TI3 2FE ez, 53 1.0x10°A
2] kﬂ XE A7 F conditioned mediumo] A= AL 2 3= Ax 2=

ZAZE 2yl e FE 257 fuhel 3t A =h(Table 3), Axtd oz Axe 27

7} ’5}*9‘ F5 AAF 2 widgel AFdAolch A FL 0~45pme ALE HAE T
ol4 980mge g sF Egov FEH AZr F45 zhise] W0pmolde F AEZE
Hrgt Tl AE AAFol 570mgez EFsgch. =3 W 2AdAE =z FHolA H§ A
A rEb 45 pmoldte] AlE HIFFol A 416709 wl st G g Wb 90 pmo] A Fol A
£ 56/l e Aol AsA qAHAAT. dH 2UE FEHT AZE 300mgd FHEFIA
857t wlokatd Al FHz A ASE Fig 49 2dh 4AFY 30t W2 A T
A g FEeke] M 6744 FAR TAEE Helnt 2 ol F T A2E
AFE TlAE Az 2771 45um o ?5]'°é W AAF S0 AR dheE E A
EF& T FASA 6FAA FL F4EE vHHoY 2 oFEEHE AY FEHA g%
o AlZ9] =27]7} 46~90 pmel 4] 90 ﬂm°] Aoz AASFE YAFY SUte BA T
vl WA e gen] £=§ 4Fo)Fo e AAF Fo0F ERHA Y 38 gade
A4S detteh g 8FF M AAME AFE FolAe wit dEstd Aol Fot
WG 45 pmo] 3t L 45~90 pme] A EEF FFF FolH & callus € S Wi 4A L

Table 3. Effect of cell sizes on the embryogenesis of carrot cells in 20-ml batch suspension
culture after 2 weeks in culture. Initial inoculum weight of each cell size was 300mg

Cell size(um) Fresh wt. (mg) No. of embryo/culture
<45 980 416
5~90 750 309

90> 570 56
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0.3 Fig. 5. Cell growth and embryogenesis of fria-
bilized ecarrot callus in 20-ml batch sus-
pension culture after 2 weeks in culture.
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Fig. 4. Effect of culture period on fresh weight
of embryoid and different cell sizes ino-
culated on the gelrite-gelled medium.

sixle) pHoF MES 4% 3 sUYol 0%l
g WA e pHE 2 ste Wl dalel A2
o AEFE 2AY 47+ Fig. 59 7o
AN AEFS A pHAL 40614 6.0

2 §aole FEJF 22TEF FAY FAGRT. 2 A pHo 7,009 E A

AEFo A Ao HHZH PH7F 4.04# 9} ¥ %

8 AEFe] AAzE &L med FAz
Aol EExE A2 PH7} 6.0%

%

=gk W AAAES T = A

AEFY Tt s AES vehio] A e
4 9 7t ZgFolHeE A ¢ F AT

%

W2t Y HEMZS WSS} A% WM ojxXi= e, Hari (1980)= AMxe =77
45 pmo) 3}l FTH EE 9.0x10°/petridishe] WE 2 WP Az wWjF 1A Y FA4Y
Wz Aoz AR 3t £ 4@ WiggAY ¢ JolA 1435 He]A st
oleld Az AZUEY Hojof & Aol AAsgon AP A} o] Ax

=7 2€5 o] $A49¢ ¢ F Ak AL WA FRo AAG] MEY
Ax7t & #W &35 o] Halperin (1967) 3 Wetherell (1978)9) A3 A} )

% A%tk ALY PEA 5 AT AZEIA AAFRY) G2 23
AEN AAEAY Aokl A2 FHE ol o) ALY ¥ Aol BAF Ytz 47t
Ak WU ALY 2AF 2eale) 2A Ao AFAE W ALY 277 FeA ol
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A AAS AT B9 = 90um o4l ZA oA wWiEATs #AY s
3¢l & o] Westherell (1978) 3} Vasil(1982)9] Bz ol X 3tE 7 ol gt

WiXIe] pH7b HIEe M U wwdo nixle 8. WA pHE <=]3to ¥ ¢ 23 pH
5.0~6.0 Alojoll A AEFo] FAHZ AA AEF A v AEF A AF R
d] && pH 5.5(Gamborg et al, 1968)l| 4], Haplopappus(Eriksson, 1965)+ pH 6. 00 A
AxzFAo] s Jojdohs Bwsl glo] A& FFol wel AA pHe FFo] 4] o
Eve AL ¢ 5 At

] L2

2= (Daucus carota L.) AL W FA FAw Do) K& Az 27, A% WX, conditioned
medium 2 wiz]e] pHEFAE FH37 ¢3td AYe A g 2ot AXd FA 749 e 3

< g 4dA Hdlol 2Pon z o FRHE A43Y 2 oAy vz wEEdn. Az UEst
FEFE v DA S48 g oo MSH A 8.t} & conditioned mediumel 4] ¢33 etP z dle E®
ZAHQ . A28 2|t FEFE YAF 2L WY JAFs Fohstd e 90pme] 48] Al 2ol A&
d43 A=t WA pHA 4.0 F& 7.009E A2 AEFo] FA3 gastgdz e UgE
AAH A, 2 pH 614 ZAET o] o] Fatdz Wls] AR F53H o
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