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Structural Characteristics of Vascular Tissue in Carrot Seedlings with
Anomalous Cotyledon Developed from Somatic Embryos

HONG, Sung Sik - SOH, Woong-Young

Department of Biology Education, Chonnam National University, Kwangju, 560-757, Korea: and
Department of Biological Sciences, Chonbuk National University, Chonju, 560-756, Korea

The somatic embryos of Daucus carota L. cv. Hongshim developed in MS basal medium for 4 weeks had varied number
of cotyledons. Palisade and spongy parenchyma of cotyledon were not clearly discriminated in all seedlings developed
from the embryos. No independent existence of collateral vascular bundle was observed in all seedlings with various types
of cotyledon ; instead, vascular bundles were either interconnected or partially connected with one another Most of the
cotyledonary bases on hypocotyl showed short cylinder structure which encircle plumule. The vascular tissues of
cotyledonary bases and nodes of seedlings with jar-shaped or 1 cotyledon were connected in ring forms, showing the
pattern of ectophloic shiphonostele, and similar ring form structure was also found in the vascular arrangement of 5
cotyledon seedlings. The vascular bundles of seedlings with 2, 3 and 4 cotyledons in many cases had independently
arranged within the cotyledonary bases and nodes, showing the pattern of eustele. In hypocotyl, tetrarch or hexarch xylems
prevailed in seedlings with jarshaped cotyledon or 1 and 5 cotyledon; tetrarch xylems prevailed in 2 cotyledon seedlings;
and triarch xylems prevailed in 3 cotyledon seedlings. In most of seedlings, cortex vascular bundles were dispersed in the
region from cotyledonary node to hypocotyl, but double vascular bundles were also observed occasionally. In roots, diarch
xylems were observed in most of seedlings with 2 cotyledons, triarch xylems in half of seedlings with 3 cotyledons, and
diarch xylems in most of the remaining seedlings with the occasional occurrences of tetrarch xylems.
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Figure 1. Seedlings of somatic embryo of Daucus carota and
transverse sections of seedlings with jar-shaped cotyledon. A.
Seedlings grown for 4 weeks in MS liquid basal medium had
enlarged cotyledon (C) and developing root (R). bar=2 cem. B.
Collateral vascular bundles in cotyledon were partially connected
with one another. Palisade and spongy parenchyma of cotyledons
were not clearly discriminated in seedlings. C. Vascular bundles in
cotyledonary node of seedling were ring form and ectophloic
shiphonostele. D. Hypocotyl of seedling showing tetrarch xylems
(arrows) and cortical vascular bundies (arrowheads). E. Roots in
most seedlings showing diarch xylems (arrows). F. Tetrarch xylems
in some roots were infrequently observed. Arrows indicate xylem
poles. bars = 100 .

#4502 42 97459F PHFig 10) B FFIL o
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vepdh(Fig. 1F).
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Figure 2. Transverse sections of seedlings with 1 cotyledon. A.
Cotyledon of seedling showing vascular arrangement like horse shoe
form. B. Cotyledonary base of seedling showing vascular
arrangement of ring form in cylindrical structure. Arrows indicate
small vascular bundles. C. Vascular bundles connecting with one
another in cotyledonary node. Arrows indicate cortical vascular
bundles. D. Pentarch xylems (arrows) and cortical vascular bundles
(arrowheads) in lower hypocotyl E. Double vascular bundles in
upper hypocotyl. bars = 100 um.
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¥ E5F o]FE o] BEelth 2xguldAE AGAE

Vascular Tissue Structural in Carrot Anomalous Cotyledon 71

_—

Figure 3. Transverse sections of seedlings with 2 (A-D) and 3 (E-
H) of cotyledons. A. Vascular bundles of seedling with two
cotyledons were either separated or partially connected with one
another. B. Cotyledonary base of seedling with 2 cotyledons showing
cylinder form. C. Cotyledonary node of seedling with 2 cotyledons
shown 8 separating vascular bundles. D. *Hypocotyl shown tetrarch
xylems (arrows) and cortical vascular bundles (arrowheads). E.
Cotyledons of seedling with three cotyledons shown vascular
arrangement separating or partially connecting with one another.
Leaf primordia (arrowheads) on shoot apex were observed in central
portion. F. Cotyledonary base of seedling had also cylinder form,
and vascular amrangement separated 9 vascular bundles. Shoot apex
(arrowhead) observed in central portion. G. Hypocotyl of seedling
showing triarch xylems (arrows) and cortical vascular bundles
{arrowheads). H. Root of seedling had triarch xylems. bars = 100 g
m.
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Figure 4. Transverse sections of seedlings with 4 (A-C) and 5 (D-
G) cotyledons. A. Cotyledons of seedling showing vascular
arrangement separating or partially connecting with one another. B.
Upper hypocotyl of seedling showing abnormal hexarch xylems.
Arrowheads indicate cortical vascular bundles. C. Hypocotyl of
seedling showing abnormal triarch xylems (arrows). D. Cotyledons
of seedling showing vascular arrangement segregating one another. E.
Cotyledonary node of seedling showing 5 vascular bundles. F.

Cotyledonary node of seedling showing vascular bundles of ring -

form. Shoot apex (arrowhead) observed in central portion. G.
Hypocotyl of seedling showing pentarch xylems (arrows). bars =
100 pm.
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A E9S 723 93 J§2 ARG Huxzon
F35e] glom, 4xgul2HE FAEL el w3
#4544 Zebd 9oHKim et al, 1997). A Eefjol A 743
& (9 63%)2 Jehte 24 (Soh et al, 19%)
B2 5709 frtdo] Y E: FEHoZ dFHY
2 299 452 Az gz ) F
QAapx gom 99 o|AxgMERH AL FHEE
o AYE gA AJzA G x| vEdE FHe
ek 32k AR A E=(Kim et al, 1997) 2249
A49 opsiA 2 Felg 249 S 23 A A7)
= Fdsioh 3, AAEE fH 3R FAECF 2%,
Soh et al, 19%)elx= e z7|7} FUSAY Fe)7}
U, f34e £ A3 43 SPAH A FEHL
2 47 EA3 §3) FUHAGT 1AHAA
&o| N2 QAAHY o} TFH o2 SR a2
2 A AAES] A EANA AN F35

N2> u



o wd a8y ARG Hzz 23 o R
A3 o2

247155 AR F-21E2HSoh et al, 1997) A4 E)
el FAEE el F5AY 4FA FRE A EY 9
© AL dgt Fad T2 E AeR gy, §
H&2] i gL AgelM zfelF Holx 9o} 4A43} 62}
e A FAES] AG7IE o3k sHdH 12
£ 22 A9k AL AR Kim et al, 1997). 27}
A 32 AgAY AQPL FHEo] AYAY &
o 79 dAste] #7679 iR JHA QItHKim et
al, 1997). AAZu) 2 22442 320 FAEY A4 A
A A ES FEe wEEAEL g 1xgu e
735 AAEAFY) U Yo g Fol3t 72
£ BQln 243 329 AME f fA1ES] A A
AF7E 5% dehded el 92§39 A¢ A4A
F7b e A7 W Age o)A #A Al dx"
tH(Soh et al, 1966).

A A EAA 27 F3EAE AA, FE-wE
o2 HE Yoz ole]Art= 748 (Eames and MacDaniels,
147) e} EA), Fel-mEo2HE 222 ololaldE A
8} (Compton, 1912 : Crooks, 1933 : Schoirer and Hillson,
1973)7F e, B2edMe g (Kim et al, 1997)9}
2E AAEN FAEES] &AL TS Ao
22 oolA e FALA} Y F 1HFY FASA L
WEAFA dZEE Aoz Jepdd 32 AA Ew)
(Soh et al, 19%) M= AP Zo] dFE 22 Al A
28 HyE up vk ol9} frAlel AS7F 3 H(Hong
and Soh, 1983)e| A #&d v} glvh 22113} 3x1%19) A7
A &> 77 298 398 5¥E JehEd(Kim
et al, 1997), MM 2 ol 22 A ES 3598 45
el AT 4998 FF0) @A 33k A EL 34908 E
FE el 398 547 go, & £33 A%
FA3e 4693 X5 JehddEs A Ajel7l wie
A3 A AGAATG wiFoM FEAEHA 42 g
Z $34(Kim et al, 1997)2 A Zu] F2) FAESM
[ZAFHE A7t gon, o|Fer FIdE FdEe] =E
A vebdd AMZ 2 FAE AGATG SN
SGUHER, A3HRE 2 |5 HAEY YL AYaz
A3 JgAne Fseleta AZ4AG 224 AR
FAES FeldA W& 2 298 F5Ut 2 3AT
I 32 AR AS FE 393 F3F Jehdd
(Kim et al, 1997). 22} 2 3219 FHFAh= FejolA 7
Zv 2943 E59 39y EFXE JepiA|EL Ay A
Z3A 243l v E s, ol Y 4591
Mol AR AEHAY = 2709 ERS f3EHT A}
oAl AU AHE 4adE Aoz HUHYHKIm et al,
1997). g, P9 Hele F2 2908 EFolx =EA 3

Vascular Tissue Structural in Carrot Anomalous Cotyledon 73

23 B3} BFUHT 209 v 9o (Bsau, 190), 39
§ BYE 34949 SR Jos 2400, B,
ANZH Fo) FAENAE 2498 WRT GE 439
FAETIA 208 B} $ANA, 39499 A5 29
3 F3ug 34y 230} o gl #39 283 59
4, 149 9 244904 7HE 499 B 2390,

AAE-2 Q75 243 Azdetd 7o AY Q7 dxe &
#5925 (BSRI-6-4427) WEojehz HEHHY o) 27 ofsfed
A9) AYRZZ Woly] o FejFomz Ao E Fahe viold

H

2} (Daucus carota L. cv. Hongshim)2] |4 ZxE MS
712 A A 457 deuiofsle dojA FAEELS A4
ol e} 32 T, paraffin methodo]] &3 ¢
TERES A F3E F2E RFS QY 9%
< AEAY fuxAez T L3} He A o
otk 2E f39 AN FR4E EHE W RR42
2 odEe] A 43, AR dAd=e] gAY FEFoE
A7 et 2AG7 e Y G386 e AN
TEE Boh A7159 AN oo widE F
Wz L 1AM E ez dAFHTEA A
AFATY e E Eolx AS7F €L SN E 7}
T FRESS. 2344, 32 4z =44i7) e =g
M F2 E9402 wdd AHFAFI B2
o iEe A f&e] WdL FEYRY, 124 o 5344
el M 4-6903 H47L 22wl ME 498 B @
i, Aol A 393 B4 Bteh A A-w S
W52 gl FFFREe] AR, =FA o] FHH
£5 Jepdah 229 wel M g e] 298 FX-oH, 3
AguelME 398 F47 A s FaAEH, e R eA
= F2 2938 EFolAgt ZEA 493 EXx #AHY

o.

o|
—_— o

&l

HO

Ammirato PV (1974) The effect of abscisic acid on the development of
somatic embryos from cells of caraway (Carum cara L.). Bot Gaz 135:
328-337

Ammirato PV (1983) The regulation of somatic embryo development in
plant cell cultures: Suspension culture techniques and hormone
requirements. Bio Technology 1: 68-74

Ammirate PV (1987) Organizational events during somatic
embembryogenesis. Ir: Plant Tissue and Cell Culture. CEGreen, D.A.



74 Korean J. Plant Tissue Culture

Somers, WPHackett and D.D.Biesboer, eds, Alan R. Liss, Inc., New
York, pp 57-81

Ammirate PV (1989) Recents progress in somatic embryogenesis.
Newsletter, International Assodation for Plant Tissue Culture 57: 2-16

Buchheim JA, Colburn SM, Ranch JP (1989) Maturation of soybean
somatic embryos and the transition to plantlet growth. Plant Physiol
89: 768-775

Burns JA, Wetzstein HY (1995) Development and germination of pecan
somatic embryos derived from liquid culture. In Vitro Cell Dev Cult
22: 291-297

Cho DY, Soh WY (1995) Morphological observation of somatic
embryogenesis in leaf culture of Bupleurum falcatum L. Korean ] Plant
Tissue Culture 22: 291-297.

Choi PS, Soh WY, Cho DY, Liu JR (1994) High frequency somatic
embryogenesis and plant regeneration in seedling explant cultures of
melonn (Cucumis melo L.). Korean ] Plant Tissue Culture 21: 1-6

Compton RH (1912) An investigation of the seedling structure in the
Leguminosae. ] Linn Soc London(Bot) 41: 1-132

Crooks DM (1933) Histological and regenerative studies on the flax
seedling. Bot Gaz 95: 209-239

Eames AJ, MacDaniels LH (1947) Introduction to plant anatomy. 2nd ed
McGraw-Hill New York

Esau K (1940) Developmental anatomy of the fleshy storage organ of
Daucus carota. Hilgardia 13: 175-226

Hong SS, Soh WY (1983) Vascular differentiation in the mature embryo
and the seedling of Ginkgo biloba L. Kor ] Bot 26: 207-216

Kageyama C, Komatsuea, Nakajima K (1990) Effects of sucrose
concentration on morphology somatic embryos from immature
soybean cotyledons. Plant Tissue Culture Letters 7: 108-110

Kamada H, Harada H (1979) Studies on the organogenesis in carrot

tissue cultures. [ . Effect of amino acids and inorganic nitrogenous
compounds on somatic embryogenesis. Z. Planzenphysiol 91: 453-463

Kim KS, Hong SS, Sole WY (1997) Relationship between cotyledon
number and vascular system in carrot seedling. Korean J Plant
Resources (in print)

Lee KS, Soh WY (1993a) Somatic embryogenesis and structural
aberrancy of embryos in tissue culture of Aralia cordata Thunb.
Korean ] Plant Tissue Culture 20: 77-83

Lee KS, Soh WY (1993b) Effects of cytokinins on the number of
cotyledons of somatic embryos from cultured cells of Aralia cordata
Thunb. Korean ] Plant Tissue Culture 20: 171-175

Nickle TC, Yeung EC (1993) Failure to establish to a functional shoot
meristem may be a cause of conversion failure in somatic embryos of
Daucus carota (Apiaceae). Amer ] Bot 80: 1284-1291

Scheirer DC, Hillson CJ (1973) The vascular transition region of
Helianthus anmus. 1. Bilateral and unilateral patterns of differentiation.
Amer ] Bot 60: 242-246

Soh WY (1993) Developmental and structural diversity of regenerated
plants in cell and tissue cultures. In Proc. 7th Symposium on Plant
Biotechnology. Molecular Approach to Plant Cell Differentation. Bot
SocKorea pp 1-35

Soh WY, Cho DY, Lee EK (1996) Multicotyledonary structure of somatic
embrys formed from cell cultures of Datcus carota L. ] Plant Biol 39: 71-
77

Wetzstein HY, Baker CM (1993) The relationship between somatic
embryo morphology and conversion in peanut (Arachis hypognea L.).
Plant Sci 92: 81-89

(19974 129 159 A4)



