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Germination Arrest of Carrot Somatic Embryos
Cultured in Liquid Medium
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ABSTRACT Cotyledonary somatic embryos after being cultured in a liquid MS medium for 1 week were
subcultured on a solid MS medium and then the embryos germinated at a rate of 92%, but the rate was lowered by
extending the culture period of the embryos on a liquid medium: 26% germination on a liquid medium culture for 4
weeks. Somatic embryos subcultured on the liquid medium showed the normal elongation of hypocotyl and radicle
but in part showed secondary embryogenesis on hypocotyl and callus formation on and around the root-hypocotyl
juncture. Through observation of scanning electron microscope, apical meristem in plumule showed the loose
arrangement of cells, and abnormal leaf primordium formation and growth arrest of the primordium or no leaf
primordium formation. Therefore, it is suggested that the germination arrest of carrot somatic embryos on liquid
medium culture is due to the structural abnormality of the apical meristem in plumule.
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22 (Daucus carota L.) 813-EE2 ZR= 70% ol Er-&
o 187} 18]37 1% sodium hypochlorite g2 1587
HAAX FA g 3 e HATE 3~43 Ao
1/2 MS (Murashige and Skoog, 1962) vjR|o|\ A 6247+ T
oA KAES AEE AT MS 71291 A] o] 1 mg/L
2,4-D, B 3% 482 #Ar}sle] pH 583 FASF . viA <)
Y32 Y8 8% AL Arisigon 121°C, 1.27)50 A
157 Fehdate] Folg wiAd] {259 ks dHS
(5 X5 mm) vtk W FE2 2511Ce A 357
A H ATk

ol Ao} Zho] Fulg VWA E 25 mLY 53 HEz
Al (87 mm¢gx 15 mm)o|A] 3l &o] MPAERE ez
E FEd vhs WAy AeATE AEsa T, 0.1 mg/ll
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UolZ2AE o]FoHAZ] TR 2,4-DE AA g MS HiA =
3~43] A ohs MS 7| 2uiX oA Wil s A AE 5
AAZ wje} o] dehftstHA wiAYS ek
3, A3, o=, 2 A7) Fof wAGAE A 2=
U wjrIziel WA A B oA E)Ran 7 2
A EXRTA 2 wg AR st DotAl gl ARSI CE A
Hizjof A ANE AITHAE A A el o] ol A= MS 7]
2MAE AA L TAFPo R Fulstd ARSIATE 13 wo}
wjxjollA] MM Eal= 3587F wieke & dole S BESAh
SHH ool X A dolulRlo A o] w77k 3
S T3] A3t ARG A EAE ZE 7] A A 2
1,2, 3, B 457 AR AEul F 13 MS
Z1BujAjel 24z} o)2jsled wolg-E IASATE WATEAE
Z 30709 AAZE ASZE & BFE A F grEsie]
obg & AR, ol A 7| wiE ) el AAe]
ol olgeA Aol A} & Ao AT} (Merkle
et al. 1990; Soh et al. 1996; Lee et al. 1997).

ARk, 2 7] AA e B dolgl A e AR
gz FARAE A (IST ABT, SR-50, Tokyo, Japan)
o2 #AF 4 FYHUG. 32 A ASE Craf MY
AT o2 t-butyl alcoholol 4] E4A1Z L t-butyl alcohol
freeze-drying method(Inoue and Osatake 1988)F F4A%Z
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otf A 933 BE3tEe] B avtol FAAHUT (Figure 1).
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Figure 1. Germination ability of somatic embryos at different
developmental stages in carrot cell cultures. Somtic embryos were
developed in MS liquid medium then transferred on MS solid
medium for germination. Among the embryos, germination
occurred in only cotyledonary embryos. In globular and heart-
shaped embryos, instead of germination, only callus formation
occurred (C) as well as a part of torpedo embryos. Secondary
embryos (SE) were formed on most torpedo embryos.
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Figure 2. Effects of culture period in liquid medium on germination
of somatic embryos. Cotyledonary embryos were cultured in MS
liquid medium for 1, 2, 3, and 4 weeks, then they were cultured on
MS solid medium for 1 10 4 weeks.

Table 1. Dimension of somatic embryos at cotyledonary and
germinating stages

Developmental Dimension of organ (pm)
stage Cotyledon Hypocotyl Root
Cotyledonary 405 2000 10
Germinating 13000 26000 35000

Cotyledonary somatic embryos formed in MS basal liquid medium
were germinated in the same medium for 4 weeks. The embryos did
not show the development of leaf from the apical meristem of
plumule.
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Figure. 3 Germination of carrot somatic embryos on solid (A) and
liquid (B) medium for 4 weeks. Plantlet regenerated on MS solid
medium has normal leaves and roots, but in MS liquid medium
somatic embryo without growing leaf (arrow) between two
cotyledons shows only the elongation of root, hypocotyl and
cotyledons. Bars represent 1 cm (A, B).

Figure 4. Somatic embryos during germination in liquid medium
culture. Some embryos have seconary embryos on their hypocotyl
(A) and others have callus on their root base and distal hypocotyl
(B). Scale bars represent | mm (A) and 1.5 mm (B) respectively.
CA, callus; CO, cotyledon; H, hypocotyl; R, root; SE, secondary
embryo.

o} 9l wle) Wol= ARRGZH o ZRE A7) wilo]
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Figure 5. Scanning electron microsgraphs of plumular apex of
zygotic (A) and somatic (B-D) embryos during germination.

In zygotic embryos (A) leaf primordia from apical meristem are
developed, one of them was cut (2) and the other is initiated (1). In
somatic embryos germinated on MS agar medium leaf primordium
is developing from apical meristem which are composed of
somewhat large cells compared to those of zygotic embryos (B). In
MS liquid medium leaf primordia from apical meristem are: formed
(C. D) which is flat form and shows irregular arrangement of cells.
M, apical meristem; P, leaf primordium; 1, second leaf primordium;
2, first leaf primordium. Scale bars represent 20um(A), 22um(B),
25pm(C) and 29um(D) respectively.

A7t AR ATH (Figure 5A). A Aol A S E 2248 A
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2 ®BYH v} 9]0 22 (Padmanabhan et al. 1998) 2] &0 uw}
A AMZule] 2 wAE wolgEo] MR A Yt
AE & F Ak AY7Y AA zul= dohulzlo A i EE
o] dolrt & HI (92%) o}F UFFre] 2ape] FAHE K
ATt (Figure 1). T Fu Ao A] g 2o 237] AAE
= 2xpe] A glo] 99%7F WolE QO E (Lee et al.
1997) AR =)o A HHAYH v AR A Ho} A4
o] Axg ZoE Hodrh Iy Frujd A AFE
oM A EE O] Y B Wokgo] FRHASTE HE
3f £ o (Lee et al. 1997; Liu et al. 1994; Soh et al. 1998)
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(Fugure 2; Nomura and Komamine 1985).
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