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Fig. 1. Percentage of carrot somatic embryos with dif-
ferent cotyledon patterns. The embryos formed in MS
basal medium without 2.4-D 14 days after transfering
from MS medium containing 1 mg/L 2.4-D (#). T: trum-
pel-like cotyledon.
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Fig. 2. Transverse sections of cotyledon, cotyledonary node (B, F, J), hypocotyl (C, G, K) and root (D, H, L) of somatic em-
bryos with 1 (A), 2 (E) and 3 (I) cotyledons respectively. Procambium of root showing a columnar or cylindrical structure
becoming a circular arrangement of procambial strands in the hypocotyl and then each strand extending to the cotyledon
through the cotyledonary node. Monocotyledonous somatic embryos having a horseshoe-like cotyledon (arrows in A) in
which the procambium is similar to the cotyledon and such procambial structure is clear from the cotyledonary node (arrows
in B). Ammows; procambial strand. Scale bars represent 123 ym in E but 94 m in all others.
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Fig. 3. Transverse section of cotyledon (M, Q, N), co-
tyledonary node (R) hypocotyl (O, S) and root (P, T) of
somatic embryos. Cylindrical procambium of root divided
into two strands in the hypocotyl (O) and extended two
cotyledons (N) with the procambium dividing further into
four cotyledons (M). Five procambial strands in the hy-
pocotyl derived from cylindrical procambium in the root
extented into five cotyledons through the cotyledonary
node. Arrows; procambial strands. Scale bars represent 94
pm in M, Q but 123 um in all others.
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Fig. 4. Scanning clectron micrographs of carrot somatic
embryos having trumpet-shaped (A), two-(B) and three-(C)
cotyledons. Developing embryo in C has large and two
small cotyledons. Black (A) and white (B, C) bars
represent 100 pum.
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Fig. 5. Germination of carrot somatic embryos having vari-
ous type of cotyledons at torpedo (A) and cotyledonary
stage. Torpedo-stage embryo did not germinate but show-
ed callus formation and root development (A, arrow). The
embryo with trumpet-shaped cotyledon develop root arrow
and enlarged cotyledon (arrow head) but did not develop
shoot (B). Normal germination occurred in embryo with
one cotyledon (arrow) having one shoot (C, arrow) or mul-
tiple ones (D, arrow), and with two (E) or three (F) co-
tyledons.
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Table 1. Germination (%) of somatic embryos formed
from cell cultures of Daucus carrotaa

Cotyledon
number 1 2 3 4 5 6 T
Stage
Cotyledonary 64 98 75 57 37 ~  enlarged
cotyledon
rooting
Torpedo b b b b b b b

“Data were collected from three replicates of 100 embryos
cach. "When somatic embryos were cultured on half-
strength solid MS medium for 2 weeks, only the torpedo-
shaped cmbryos showed pigment, root and callus for-
mation on their hypocotyls following on secondary em-
bryo development, and trumpet-like embryos showed only
cotyledon enlargement and rooting, instead of normal ger-
mination. However, most cotyledonary embryos ger-
minated at different rates in relation to cotyledon number.
T: trumpet-like.
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2 oF 10%°l A v+A] edsivhe 2% 9lek(Choi e
al., 1994c). &s}s}e] -9 1982: A o= A A E ol
Rolr} o] F A A] Eg ot 21 Fell 90%7HR] HolEo]
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2 ko) He A3yt B HUvHChoi e al,
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9] 0 o (Choi et al., 1994b), B-FFoll A Wolg o]
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Multicotyledonary Structure of Somatic Embryos Formed from
Cell Cultures of Daucus carota L.

Soh, Woong Young*, puck Yee Cho' and Eun Kyong Lee
Department of Biology, Chonbuk National University, Chonju 561-756, Korea
'Department of Biology, Woosuk University, Chonbuk 565-800, Korea

ABSTRACT

Embryogenic callus was selected from callus induced from hypocotyl segment cultures of
Daucus carota seedlings on MS basal medium supplemented with 1.0 mg/L 2,4-D. Cell clumps
prepared from the embryogenic callus were transferred to MS medium without 2,4-D for
somatic embryo development. Cotyledonary abnormalities were frequently observed on somat-
ic embryos developed after the incubation of cell clumps in MS basal medium with 1.0 mg/L
2.4-D for one week and then subculture in the same medium but without 2.4-D for two weeks.
The percentage of abnormalities was as follows: 5% one cotyledon, 21% three cotyledons,
6% four cotyledons, 5% five cotyledoms, 0.2% six cotyledons and 1% trumpet-like cotyledons.
On the other hand, the normal somatic embryo with two cotyledons appeared at 63%. The
germination rate of somatic embryos was higher in two cotyledon somatic embryos than in
multicotyledonary embryos. Trumpet-like somatic embryos did not germinate normally show-
ing limited elongation and enlargement of roots and cotyledons without shoot development.
From anatomical examination circular procambium in the root of somatic embryo began to
branch around the middle regions of the hypocotyl which extended into the cotyledons
through the cotyledonary nodes and the number of branched procambial strands in hypocotyl
was equal to the number of cotyledons. Monocotyledonous somatic embryo always had larger
cotyledon than that of somatic embryos with multicotyledons and had horseshoe-like co-
tyledons where the procambinm was of the same structure.

Key words: somatic embryo, cotyledonary structure, procambial arrangement, germination, Daucus

carota
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