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Effects of carbohydrates and osmoticum on the somatic embryogenesis
and cotyledon morphology of Codonopsis lanceolata L
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Abstract Embryogenic calli from Codonopsis lanceolata
L. were cultured in MS liquid media and supplemented with
various concentrations of primary carbon sources to study
the effects of carbohydrates and osmoticum on somatic
embryogenesis and somatic embryo morphology. Sucrose,
glucose, and a combination of 3% sucrose and various
concentrations of sorbitol or mannitol as osmoticum were
used as carbon supplements. The maximum number of
somatic embryos per flask was greater in media exclusively
supplemented with 3% sucrose (128.29) than exclusively
glucose-supplemented media (47.67) and either supplement
combination of 3% sucrose and osmoticum (95.67 with
mannitol and 114.00 with sorbitol). The number of somatic
embryos gradually decreased in media with increasing con-
centrations of combined osmoticum supplement. Decreases
also occurred in the highest concentrations of sucrose- and
glucose-supplemented media. The total frequency of somatic
embryos with two cotyledons was slightly higher in medium
with 3% + mannitol (24.09%) compared with exclusively
sucrose (21.52%), glucose (21.22%), or 3% sucrose + sorbitol
(22.13%). As concentrations of sucrose and glucose
increased, the occurrence of two cotyledons and trumpet
cotyledons gradually decreased and the occurrence of
polycotyledon and globular stage embryos increased. Fur-
thermore, as concentrations of 3% sucrose and osmoticum
increased, the occurrence of trumpet cotyledon and globular
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stage embryos increased and the occurrence of polycotyledon
gradually decreased. These results demonstrated that the
somatic embryogenesis and occurrence of cotyledon
morphology were influenced by the concentration of carbo-
hydrates and combinations of 3% sucrose and osmoticum
supplements.
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Table 1 Total number of somatic embryos formed from liquid media supplemented with exclusively carbohydrates and with the
combination of osmoticum with 3% sucrose in suspended cell cultures of Codonopsis lanceolata L. Each value represents the mean +

standard error of at least three replicates

Total number of somatic embryos / flask

Percentage (%)

Sucrose Glucose Mannitol + 3% sucrose Sorbitol + 3% sucrose
0.5 50.00 £ 3.15 - 95.67 + 3.67 114.00 + 4.75
1.0 46.86 + 2.61 - 83.33 + 4.89 102.67 + 6.51
2.0 69.86 £ 3.63 8.33 £ 1.33 72.00 £ 3.99 9533 £ 5.77
3.0 128.29 + 10.25 43.00 £+ 2.51 37.33 + 2.87 72.33 + 4.19
6.0 86.14 = 5.51 47.67 + 4.89 - 13.33 £ 3.12
9.0 26.14 £ 3.15 35.00 + 3.12 - -

0.5%01 A1 = 5071, 1.0%0] A = 46.867]], 2.0%°] A] = 69.8671],
6.0%°]| A= 86.147}], 9.0%0]| A= 26.147] 7} T A &] o] 3% %
ToA HHAE HAL, o]t B w2 wEolAE WA
ZFast= Ao 2 et Glucose?] 7% 2.0%00 A 8.33
7N, 3%0f A 4371, 6%01| A 47.677) 17| 2L 9% A 35.07) 7}
FAE o] 6%l A Hh 2 F E ATk §HA 0.5%2} 1.0%0] A
= AA| 7 3 A = A 9kt 3.0% sucrose2} of 2] 5 9]
HEAE 28A 9 5F3le 7 -F- mannitol & 79~ 0.5%01 A
95.6771], 1.0%¢1| A 83.337], 2.0%°]| A] 727, 3.0%01| A 37.337}]
F A o] S} ol A4S AA ) B4 S AR
A8H= ATFS B0, 6.0%0] 4] ol A = A A| 2 uf
= YA & A] &kt Sorbitol 2] 72 0.5%01 A 1147), 1.0%9])
A 102.677, 2.0%9]| A 95.337}], 3.0%¢1| A 72.3371], 6.0%9]] A]
13.337]7} 27} 3/ = o] sorbitol & =7} F7F == A A 22
vl Aol At on, 9.0%AE FAER gkt
(Table 1). 0|9} Zro] CIEo] A A HEv) BHge ehgrgol
glucose 2 T}= sucrose’7} B Q] Aoz et ow,
sucrose 2] 7%~ 3%% = ol A] 18] 31 glucose2] 7 - 6% Al
7V a3k el Ao 2, 718 31 3% sucrose]] AFEA) 21 sorbitol
¥} mannitol o] = 2 A 2] S o] & Ao Al
A @ B, 53] w27t S7hE S A et
7Hel = Ao & ey

o 2] A\ A 228l 2 ofl A glucose T = sucrose”} T &
Aol Ao g A Qlal, E3] 3% sucrose?} 1.5% glucose
o A A A zul FAgEol ZH =QkaL, T o] FEollA
= 93| A= A S 2 (Lazzeri et al. 1987) 1831 I3
UL9] A Al 32 a2 AY o] A= 4% sucrose & 71t vl A] of| A 7}
A galA ol Ao & &4 A ¢l th(Ashburner et al. 1993). 5
vt} of 7 A A Zr g2 AkA el s e E ezl
3% sucrose . TF= 12% sucrose”} 717 & 714 91 7 © & (Finer
1987) 18] 1L £4=4=2] 79 Th- 2 §h4=31E of| H]| 5} sorbitol
o] 7HAF atAQl Ao E daA Qlth(Swedlund and locy
1993). whehA] 7] A2 2 Aol A Bof F=50] A A )
AL Al E 9 Fof et A oHA 8= fadl 4 F
Ao FEot FR7FEHA ¢ S-S Kol glon, §

1 o Lo A= 3% sucrose$} AHEAE 235 A 259
A A ZEH] A o] ZrAak= AL sorbitol T} mannitol 2
AHE A THBrown et al. 1989)0]] o] 5 A H A o= Tk

e me o
Lore = ¢

A SEjof lxls BARI HFHO FE

SAYU O FE sucrose = glucoseE 133l 3% sucrose2}
sorbitol = mannitol-S Z}2Z; 3L 2l5ko] FAE A A2
Hj o] P& w4 A 271 9] A A A S A= AlA
2uf e} 37 o] o) ALY & 2= ThAF A L, 5 3HEH E
Hol RO} A& 2= A A| 2 el Lej AL - 7] of A A
o] A A L] = A A Zu 5 H YA FE ) A F & 2= A A =2
Hj & ek 4= QllaL, ZF AN Z e o) A =T} o 5
& A tH(Table 2). T3k AHFA] F572F 2F A 25
LoflA 2719 AHES 2= Al bl AR E(21.22% ~
24.09%)°] Blsto] HIAFA DS 2he AA 2 (ALY, E
i, o] AAH 1371 5)Y Bl1%=(75.91% - 78.79%) 7}
32 702 vebteh. Sucrose®] 29 2709] AL 2= A
Al 328l = 21.52%F A} A 8F L 01, Lo 2] 78.49%+= H| A AF
ANz = B E QAT 2709 2GS e AA2=
1.0%0]| A 35.29%= 7}AF =9k 11, 0.5%0] Al 32.25%, 2.0%°]]
A 21.77%, 9.0%°)| A 10.16% <©C 2 &= o] =27 =7}
S AR e 7F F56HA Akl v EE sl Mok
O] A M 228l = 0.5%00| A 45.71%2 7H %1, =7 5
7he 5 WAR == 2SS 371 o] o A& e
CFRF A A 3l = 9.0%01 A] 53.02%= 714 =9k 11, sucrose
FETt AT E AN =TT gaE o] EYElY ohAtg
A A 3w o] AR = 7} =3 SHA| RE & A2 BT A
o] AAH % 7] A M| ZH= sucrose s =7t S S
7hshs @A 2ol T AXZuheh ASHATH Table
2). Glucose @] 72719 A FE zt= A A Lol = 21.22%2
YA HA A e A A 2 == 78.79% % ¥R
=] o] sucrose@} o] H] A/ A A Z o of HAR = 7F A L
ebtoh 27019 A9 S ZH= A A ZE = 3.0%01 A 26.28% %
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Table 2 Effects of carbohydrates and osmoticum on the cotyledon morphology of somatic embryos formed from suspended cultures
of Codonopsis lanceolata L. Each value represents the mean + standard error of at least three replicates

Cotyledon morphology of somatic embryos (%)

Percentage Two Trumpet- Polycotyledon Globular, etc.
shaped (three or four) (growth delayed)
0.5 3225 + 2.18 4571 + 3.14 16.86 + 2.89 5.18 £ 2.16
1.0 3529 + 4.66 40.64 + 2.96 17.36 + 3.91 6.71 £ 3.10
2.0 21.77 + 3.54 33.18 £ 5.18 38.07 + 5.21 6.98 + 2.83
3.0 16.44 + 3.19 34.14 + 2.67 40.03 + 4.13 9.39 £ 2.19
Sucrose
6.0 13.19 £ 2.73 26.95 + 2.18 4844 + 5.19 11.42 £ 2.90
9.0 10.16 + 3.88 26.71 + 3.82 53.02 + 3.66 10.11 £ 1.20
34.56 35.63 8.30
Treatment 21.52
average 78.49
05 - 1.0 - - - -
2.0 2322 £ 2.25 32.44 £ 2.08 39.06 + 3.04 528 £ 0.21
3.0 2628 £ 3.91 21.19 £ 4.19 44.65 £ 2.01 7.88 £ 1.89
Glucose 6.0 18.18 = 1.19 23.70 £ 2.66 4791 £ 3.02 10.21 £ 2.19
9.0 17.18 £ 0.69 25.24 £ 2.01 4748 £ 3.51 10.10 = 1.90
25.64 44.78 8.37
Total 21.22
78.79
0.5 25.99 + 3.14 23.83 £ 3.61 46.89 + 4.91 3.29 + 091
1.0 25.73 £ 2.02 23.81 £ 3.01 44.79 £ 4.37 5.67 £ 1.54
2.0 23.45 £ 428 25.54 £ 2.05 45.72 £ 6.29 529 + 1.12
Mannitol -+ 3.0 21.19 = 5.88 37.90 + 3.72 33.04 + 6.83 787 + 081
3% sucrose
6.0 - 9.0 - - - -
27.77 42.61 5.53
Treatment 24.09
average 75.91
0.5 25.09 + 4.67 22.87 £ 7.85 47.61 = 5.71 443 + 1.61
1.0 23.88 + 3.67 25.96 + 6.19 44.17 + 3.02 5.99 £ 0.99
2.0 22.60 + 2.78 33.73 £ 2.99 38.22 + 3.17 545 + 2.81
Sorbitol + 3.0 22.88 £ 3.70 32.87 £ 5.10 36.06 = 5.16 8.19 £ 1.48
3% sucrose 6.0 16.19 £ 2.06 37.95 + 4.40 35.20 + 3.81 10.66 £ 2.06
9.0 - - - -
30.68 40.25 6.94
Treatment 22.13
average 77.87
7H =8 dAHIEE H Y o, 6.0%0] A 18.18%, 9.0%9] e 23AY 39S u 2719 A 2= A A x

A 17.18%2 A3} 72

AN = 2.0%00 A 32.44%2 7+
21.19%, 6.0%00| A 23.70%, 9.0%0 4] 25.24%2 =7t 27} 2HS =
35 ofhH Z7hek gl 3 o] AFe] Tk
FH = 9.0%00 A 47.48% 2 714 = o w2 B Gl o
BEA FAT4E TUYNEE Y

27
aashelch A%
o] A AE 7] AA| Zuf o] ol Fevt S s
AH H]EE Z7]—0]—L_ /\_i ,L}-X]—Elo-] E]‘Z]»% Xﬂk"iHHQ‘Tr

ALSE 74 88 1 9 th(Table 2). AF 5% A ©1 mannitol-& 3% sucrose

a3t vhH EYEl e Zh= w4l Y
=gtom, 3.0%o0] A e

27)9) 4
25.73%, 2

[e)
e de

0% 4] 23.45%, 3

AHH]EE E
Fashs Ae R, W2

H] I = 24.09%3 sucrose (21.52%) L} glucose (21.22%)
IF = 3% sucrose + sorbitol 34| 2](22.13%)E.t} 27} 9
g A M ) ] ¥ o] b 271E A0 2 3
AA ZESA, ‘%”1 A 75.91%7} v A A A 2 vl = B = 9l ot
A A 3= 0.5%0] A 25.99%, 1.0%0] A]
0% A 21.19%= T2HE= o] &5
o w2 2 ol glolth. T Edu ] YA mu =
3.0%01 A 37.90%2 7173 =& dt
Sobd4s 1 e} 2

o, grE7t
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37 o) AFS Zhe TR AA Z Q) 7 $- 0.5%0] A 46.89%
PN = & W Q11 =T 7} 271348 7F A 5| o] sucrose
E+= glucoseA] 2] &) F7H A} Hhoh & Aol F-315t it A
ol Add #+g7] AMzulEe =t S S
3.29%01 A 7.87%2 k7 27181 = 74 92 K ¢ tH(Table 2).
Sorbitol 2 3% sucrose2} = H 2 234 8 39S o 270 Y
AR 2he A AA =) Bl &0l 22.13%, HI 4 A4
= 77.87%2 T2 ok 270 9] 2 H & 2= Al A el
0.5%% ol A] 25.09% 7}AF =0k o i, e 7} 273k s
A E = ZE Ao E g Tl o] A A Z = 6.0%0] A
37.95%2 7} =2 AN =S H Y e e/} FATLE
AR 7} 7F A 8Fo] mannitol I -FrARSE 73S HGiT
E3F 370 o] 4o A& 2= ThAF A Al ) o] - 0.5%
oA 47.61%=% 71 =& IV EE B, =7 St

UE 2T W, Aol QY TN A A o
Ael5urt 371 4% WYNEE O F7hsle

(Table 2).
o7 2) A Zu] e Ay o] 3lofA] sucroses =7
2 (0.5~2.0%) 271 9] AL 2= AAFE ¢ xil*ﬂiﬂﬂ

AR 7} Z718hH, 3% 2o T ro A thaty

Zre v A AFA 0] A M| Hl o] B B 7t 27} = /\_g

& A @l A1 (Kageyama et al. 1990; Lazzeri et al. 1988), 115 %=

©f maltose7} 371l W} A= A A Zuj of RN =5 A

70 ko2 A 4 Z o) 2] Fef o] ] 21gl0] B 4 ok

o1+ A (Strickland et al. 1986) 53} 2 A5 A7b= vl -

AFet ARE wo] 230 9lth wak o] et gAke wjoy

of| A A7} == BAPLY Zeatini} 2+ 9] 7] & 2 Eo| L(Strickland

et al. 1986; Lee and Soh 1993b), | Al| ZZ v -2 o] Q) o] A 713+

ayvtdel 3220 Z o4ej7 2,4,-D S(Lazzeri et al. 1987)0]

T8 o] & 4= qlom, o] = v FapA off A7 o7 7t

A F8 R 2 &, gha)o] Ml o] FAFA 2l

ST o A L) 2 419] o] 5 S (Liu et al. 1993)

¥2 zegto A Ege mojolut ok Fefe] 4AL

e AN Z] S Fest Ao ® wekEh o) e 4

72 020 B u gdeo] HAEw & Aol A sucrose”}

glucose @} ZH2 thd 34 2] L} sucrosee} AFEA Q] 234 2

Hrpe= o a9l Ao s yeyton, 2358 gkl

sucroset AHFA| 2 2= 2> AHFE A ol ofsfj A AN =

S A2A Ao 2 YERRETE A A| 2l o] e o] of] 3lo]

4] 3% sucrose + manntol 2= }4] 2] 7} sucrose L} glucose T 4]

2] Z12] 31 3% sucrose + sorbitol 2 &2 2] 2t} 27 & A A} 2}

9 g AA ) WA RS o B7hstela, w2

A AR A A WS g Aos

bty =5 2709 AHgEE 2he Al E )

sucrose 2] 7 90| Al 57t S7FE RS TP

A8 AT, e 2 HE S Ghots

Sk 23 A A E ] LA E

o rLﬂI rulo

o

por) mﬂi 01'
o o rlr

SN rE
B~ H

e Mo

R

o,
A bt r{r

sucrose2} glucose 2]

Ae)o) 49 5w EHUE A AA T h 4
ol HE 73 7] AA Zuf ARl == F7Hsk i oh R =
3% sucrose + mannitol = sorbitol =3+ 2] 9] H L EE=7}
7t eE EYula o] A AE 7 7] AlA| 2 uf Ay
W S 7ok, A A E ) A st

© 2 YEFY sucrose E+ glucose2} TF 2 A YEFYTE 0] 2F
Zol gy oA A A zuf P4 5o A P Hol= WA
2541 % o] AU E 58 5 w2 o] BpHom A
e H e o) ot FRE N A 3T
A= Ao ® Yeth % 2 A9 gz oA LAy
He w2 R oot EY Sl mFo A ALl E &
oL, 27 A/ A& 2= A A 2 o AR =5 F7F Al
70 % 0 W of 2710] ojat A7} WagE ojop g Ao
sl

it

o
I

A A Z 8 ST A ol v A= e g AR A o)
QoS Yot 7] Jsto] v Ay A e A S BhA Y O = sucrose
9} glucoseS 1 2] 31 AHE A 2 A] mannitol &= sorbitol 2 3%
sucrose&} 2 gFsto] 71ek MSH Al <] of] v Fst oAt &
A A A A ZE] F o] &4 42(128.29)= glucoseTHE =
AFEA 9} 3% sucroseS 2 3HA] 2] 5 v A 2 o} 3% sucroseS
7Rt iAo A & 4= AL, e S SkE ) AR
A} 57t S5 AN Zu) YA e Hasklh 2
Mo AL 2= AA| A A 2wl & A4 =(24.09)= sucrose
THE(21.52), glucoseTH=(21.22) 1] AT sorbitol 2} 3% sucrose
9] %34 2]t} mannitol¥} 3% sucroseZ ] 2 Hfj Z] o] A]
oF7k = el T 53], sucrose?} glucose s =7 w25
2709 Ak Bl mFo] AP Rl e = A Fasilal
W ohRpF 1 A o] A A 3 7] A Z ) Rle= STt
SFRT). THE AHFE A 9F 3% sucrose o] 2 A E] F7t w&
5 EEl m g o] A AH 7] Al el ¥l ==

o] Z71slg, vk ohx} Y] A Zu e v Hat
sk ok oleh o] Al mu) WAy} A A e o] 2
el BRI AEA O Al o] gste] g
&4 Aeg HAFAT
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