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Effect of Casein on Somatic Embryogenesis and Plant Regeneration in
Shoot Apical Meristem Explants of Sweetpotato ([pomoea batatas L.)
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ABSTRACT An efficient protocol has been developed for rapid mass propagation of sweetpotato from shoot-tips
derived embryogenic callus. Optimal embryogenic callus was induced from shoot apical meristem explants on
Murashige and Skoog (MS) medium supplemented with 1 mg/L 2,4-D. The addition of casein hydrolysate in the
media increased the embryogenesis efficiency of sweetpotato. Somatic embryos were easily induced from the
embryogenic callus on MS basal medium containing 300~500 mg/L casein hydrolysate without phytohormon.
Treatment of casein hydrolysate (100~300 mg/L) with 1 mg/L 2,4-D also improved the secondary embryonic
efficiency from somatic embryos below 2 mm in length. Plant regeneration was achieved via somatic
embryogenesis and direct organogenesis. Regenerated planlets with well developed shoots and roots on MS basal

medium were successfully transferred to soil.
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Fake] ARt AES 7S A EHIA (soma-
clonal variant)®] Aj4ta} HAARAES] sigel] {8371 o
ol ket 71t 28 E o83 IFnke 71 7133
o tha] B> A7 glol gk 535 9. 9. £7] (Dhiret
al. 1998; Dessai et al. 1995; Liu and Cantliffe 1984), Zo} =
ARE G Z2A (Al-Mazrooei et al. 1997; Kwon et al. 2002; Min
etal. 1994; Lee at al. 1994) 52 vjoko 2 2E] ujubal A~
oF AAEZe7E FEEAT T QRS 9ot v gy,
P FAYR ALY vk EHH 2 Y Ve
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olg3le] FAmpe] YWIE AEF AEAE 47| HAMAE
R kst A3 @ FH ek 3 casein hydrolysate S Wl =]
o Hrlehs A% vl g&o] FUskAY, AEA AEd
7} Z7pshc= Ba7b Atk (Smith et al. 1997; Yordanov et al.
2002; Prehn et al. 2003). Wb B AdMes 29 9 1
TFal FE9) AAHUE od, gl HEA AL 2"
s fskd AURERA o= HE oA AAE F
il yRIEe] AAEejdl g AEste] wRE casein
hydrolysate®] 43S ZAlstth

ABE 370 (Ipomoea batatas L.) “AHn|” &
s om, A Auste P 2 SAE 1em

2 AFHstAck AFHE AEE 70% Ae-E) 30
sodium hypochlorite &oj] 1587 Mgt A2=3 &
4~53) FABGATE o] F AE 239 =71 AA
v slolA A H FoREEEEE 1+£0.2 mm A
712 AEste ZY Ho| wiRo] BEF XAFeich Mg
25+1°Ce] MigaoA AAlERen Helx P4 » FH
ehuf <k, A Ea ot A=A P42 5045 pmol - m? - 512 F
FEstollA wi ik Asdt AARuE MS 7]2uA]o)
4 AZAZ AN F AR A A FxA
8010 pmol - m? - s19] FF53te] W FdoX THAZT
7Iieste AEAE shiol &4 A2 2AHdA AFAHTH
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7ok EaHQ Wy Aels WAL Yol st
W X}:= MS (Murashige and Skoog 1962) ¥-7]o} 100 mg/L
myo-inositol , 0.4 mg/L thiamine HC12] wjeldlz} 30 g/L
sucrose, 4 g/L gelriteZ 20] MS-1 v A2} 2 &2, vjtAy 22
2 §EA AHESHITE MSTHlxe] 2 EQIRUBAR 24
DE 01,05, 1,2 mg/Le] FE2 A3, o7]o] casein
hydrolysate (¢]3} casein) T=Z 0, 50, 150, 300, 500 mg/LE
27 71k o5 WiAe) AW % Folrdzy AwA
£ Aty g gt o, vk 47 3 oupaAy ek 2

A Ze B S ZALSH T

Az S R AEH| Y

g/L gelriteE o] vkl ARSI o™ caseing 0, 100, 300.
500 mg/L B2 77} ket 4570 wiFaict AA Eu)
HAAES FE3 A Aol Fo gig AxE AN
Aol ) v2H B718Arh A AA = AF
el Al MS 718uiA]el A F4 HEAE 710t

OJA} BHEHA ZipiA S XM=ty S

24-DE Azste] dojzl Ay He{2E MS 7] 2Hjxo)
&7 3719 35 sellA widste] dak AMERE AU
3, o] F ol el PP E o] &3t 0|} vy A
2 B Ao FAES AL TE WA aay A
ZHRE fF5H ANIUE 7)o E ojxul el A Ay
HAES vl ZA 2 mmo)d}, 2~4 mm, 4 mm o]4Fe] A
EE o), 4 EF (1+£02 mm)stE 1 mg/L 24-DE X335
MS-1 v R]oll X438l 45 w3t & A8t B2 casein
o] FEE Yot #std 1 mg/l 24-DE TS MS-T Hj
A9l 0, 100, 300 mg/L casein T2 27z} FH71slal A7) AE
AN Aol 7 BEZHQ AN 2w F7)E o|§ste] o]
2b el A A B A 2] PAAES AL

Ay o n#

IR Al-e] B2 Hd BIZ2AE 0.1~2 mgl 24-D
9} 0~500 mg/L caseing 33t & A3t wigst 4
=} 8 %F 309 &, [ mg/L 2,4-D o]3} H7MjR|oN A= 90% 1%
AEIR O™, 2 mg/L H7He 7ol 80%o)de] AEEE
Bt (Table 1). 22129 Fel= 1 mg/l 2,4-D o]l Xe
Ae2rt A7 HAE o vujdsy Aeart giBREg &
A&t} vhHel 24-D 35X 224 AyA golgle A
717} ZobA| 3L 2 mg/L 2,4-DAlME AR AHATL i 7
HEHA A2 AZE AAHE FFFS HePTh Lee 5
(1994)2 3177} Big One F30] JoiA 2 mg/L 2,4-D 37}
B A A 90% o]} AESR Y 4 mg/L H7HA] HHA 7L 2
Waty Ao A HArisle] AdnEr 52 24D FE
NAE MEL] AR Sl FAHE ALE Vet &
H wjFFel A} &5 2y A Eile AE
o] =T ol AFE A HAANAM A -l FA7
7RI Ueiue @428 JAE 74 gt AA 24D
TN =& AEES AT F US R Erhujd 4
F oA A HAEL AAHOZ 1 mg/L 24-D7}
712X 02 H7kE WA A T7% o)de] HIEE Yepdon,
24-D @& A Hr} caseinE HIWNE 797 wiEAl A
29 YA NI E A5 A%S BAth olF 53] 1 mg/L
2,4-Doj| 300 mg/L caseins EL3 74 90% oAOE FH
7z

2ot WS o JAE] 22 gy Ak FAES Ve

=)



o1, casein 50, 150 mg/Le] A7FEoAE 24-D BEA 2 R}
£ HEE Bk 2 mgl 24-DY H7lel oM As
AgoiA o] kel o3 1 mg/L 2,4-D A7 BT} & vl
A Aes FAHES B2 casein A7l tigh G 1
mg/L 24-DAE7F A9k 2A] YERstth Kwon 5 (2002)3% Min
5 (1994)0] I7ute] o FF& o8¢ Z7 1 mg/L24-D
A & AEALZEA ] YRt ¥ w2 updA Rl
g AR eH, ol ©A 24-DY AHte gy ytate
A A AE 4A A2 F dvke 2AE ENAFHU
o} Al-Mazrooei 5 (1997) % o] E5S o g wjaa 2
HAo &S ZABIYNE o 1~2 mg/l 24-DAlX 7P
a3Folgick M casein®] H7PF AEA AEsheh AlxE
ol a3 Aoz Jely=n, AMg A edE T o7t
A type?] carrot A EE o]-§3te] wpdAl A AE FEN
S W F type B casein+2,4-DE && A B9l 7HE
=L H)E $E397, casein WO FT 24DHL} =L
79 & A3t casein®] 3L ERYT} (Smith et. al.
1997). Medicago arborea® YA T A A2 Aol
£2 235 Jehd prolineX o} 100 mg/Le] casein 3 2]A] T
w2 R AYES JERTh 234 500 mg/L ool A=
e 7HAEE AsES HolZ|% 3lgth (Hita et al. 2003). &
3+ Yordanov 5 (2002)& sunflower 2] EA 2] AE-3 A 500
mg/L casein 717} A, &, shoot 5] A3 AR o] To}
Awst A& T7MAT S ol AR o] ujdAel
R} casein®] BIHE S T Ak

2w o] wiky Ao el BHo| wj{tshaA 9
B3, Agoll e gk vl Aej vt FA T, vl
o] YA olF A lox HaAe] AATE FAIH o

Table 1. Frequency of embryogenic callus and somatic embryo
formation from shoot apical meristem explants of sweet potato cv
Shinchunmi cultured on MS medium (MS-I) containing 4 g/L
gelrite.

2,4-D Casein Survival rate  Embryogenic callus Somatic embryo
(mg/L) (%) formation (%)* formation (%)*

0.1 0  952%34" 23.4%0.5 0

0.5 0 924%27 37.2%2.1 0

1 0 903%43 772132 17312
1 50 90.5%5.1 80.1£3.5 24.1%2.1
1 150  95.0%3.2 84.3+5.1 224103
1 300 91.2+22 90.1£5.2 26.5%1.1
1 500 90.1t4.4 78.2%2.1 212434
2 0 80.0%33 65.513.4 53110
2 50 85.2%2.1 722%32 102%1.0
2 150 85.1+44 81.3+0.4 64%2.1
2 300 80.3%25 70.4%0.2 6.1%1.1
2 500 822%*1.6 61.4x14 4.1+0.5

“Frequency of embryogenic callus and somatic embryo formation
were determined after 4 weeks of culture.
**Results are the mean+SD.
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e Q=AY FRMAA FAE R Be)AS
MRz Wagle] ALHog GAGAS o viE AAE
W7} FAEA0H, | mg/l 24-D ol3lolAls A&l M Zu)
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HNEAZ st (Figure 1). T8 A8E Ao BE it
A AH2E 90% ) AAEME FAAZG (Figure IE).
Kwon £ (2002)& 1 mg/L 2.4-D|A] F5E3 vl A A8
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Figure 1. Somatic embryogenesis and plant regeneration in shoot
apical meristem cultures of sweet potato cv Shinchunmi. A,
Embryogenic callus derived from excised shoot apical meristem; B,
Somatic embryos (arrow) formed from embryogenic callus; C, D and
E, Somatic embryos from embryogenic callus; F and G, plantlets from
somatic embryos; H, Regenerated plants growing on the soil pots.
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A et $ 24-D A AR A A AT 3T 1
2l A1de) o] e widA) B AE B 550 24DE &
Ae W A2 AAL tha vepEbY A as) He 4
= YERo] F574 ApolE BT

Casein®] 7ol ¢k AT G A EATE
AAE H7ISHA 22 MS 7] 2uj Ao 300~500 mg/L FEE
caseing H7F}AS W 93% ol4de FAHEL Yehfol
casein ¥x2}2] 9Kt} 1.3u) FA Jebgt} (Figure 2). &
g olE Agel 7] 109 ool FAz)Fel] H|s] 1.8u)]
FAES veillo] Mg 7] wE AMEele wgs FA
A7lE Reg etk AA o] Fejol] AAME casein
o] A7 FAES vluste AAEelzE I3 Aol wh
27 vebgten, 327 st A sjgsle] ojzx7Ry o 3
& =2 BT (A UAA). Schuller S (2000)2 Abies
alba®] AAEeY GEFAFAA 1 g/LY casein®] H7h= F4
2ot Hlarste] Ha 2u ool M2 £ AP,
Z71 - 37) A ¥ AHY A AA Iz e glo]
ME PASA 52 TE Ho AMEH] 2l tidl casein
9] A8S AAWT). Azadirachta indica®l 1M casein?)
Twol sl Aerox AGFEY BEE FEINL
A9 FEd FEHE 72 gom 27 BHgAs &
ZIAIZ Tt (Su et al. 1997). =3 Prehn 5 (2003)2 Pinus
radiata®] AHEE THOZHE (A AEA JAA
arginine, spermidine ¥ casein 52| QYU 7 FHIIGS
o] AR ZRe] AR casein®] Qo] FrEFon,
shooty= ThE ARt 218 =48] AdE HPThL st
t} o= & AP} GR)EIHeH, caseino] FAYOE HEA
FRNE FFe FI e AR g

AMZZRE o)zp] f = HFNA L3} AMEe]e] I
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Figure 2. Effect of casein hydrolysate on somatic embryo formation
from embryogenic callus during 30 days of culture. Embryogenic

callus was cultured on MS medium with 0, 100, 300, 500 mg/L
casein (Case.). Vertical bars represent +SD.
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e 271 Ert L5 B2 FAYES BASH (Figure 3), A
FE AAEE S 717 FF olxp) WA Eo] A
Aashs Aoz etk @9 ol AMEuie] g 9l
oNME ARSS MM o] F7)of) wheh vy A} 7
= A%E veien, 4 mm oo A7eNe A SAE
A FUTE Min 5 (199)= Foqzl 5 &u] F500 Aol
I'mm o|&t MAZHE o] §3 Zfoll 7P &2 oA} v
A g Ao, Az 277 & A2 w2 UeE
Uehfo] Axmet ARtk B Rz} 2 &l 9
ol A7) B ARG 26 &2 olxblE st
Aol Q1o 2 mm ofsell X & glo} 22 HIEE 1}
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Figure 3. Frequency of secondary embrogenic callus (E.C.) and
somatic embryo (S.E.) formation from sliced somatic embryos.
Somatic embryos were sliced with a equal size (about 1+0,2 mm)
and cultured on MS medium with 1 mg/L 2,4-D. Data were collected
after 4 weeks of culture. Vertical bars represent+SD.
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Figure 4. Effect of casein hydrolysate on embryogenic callus (E.C.)
and somatic embryo (S.E.) from sliced somatic embryos. Somatic
embryos were used below 2 mm in length and sliced with a equal
size (about 1+0.2 mm). Somatic embryos sliced were cultured on
MS medium supplemented with 1 mg/L 2,4-D (D)} and 0, 100, 300
mg/L casein hydrolysate (C). Vertical bars represent+SD.
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i A A P A AR vERd 2 mm o]t
o] AN ZHE o] g-sted oz} uiHA) A PAel| caseind
S A3 TA A S 1 mg/l 2,4-D} caseino] H7Hg
B Aol A AFskGATE Casein H7HAl 90% ©]%4e] &2 wjatAy
AHLE JAsGH, AT FEE 45%742] SRAH
t}h (Figure 4). 0]¢] ZFZRH AAves dab A Zu 25
g o)z} widAl A A g AAEE HA FHANZE F A
o, casein®] A7IZ I WIEE &Y & the o] &9l
ATk A EA ARZAG caseino] 71 AHYH HMEE3} 5
oAy @Al EARAA FFS AL Utk ol F71E4d
o A% 19 FX9 vgo] Wjx9] pHe| S £ 5 U2
o, ulx) 9] pHE HelgAol FA J3EE wX]7] gl vix
ol A 2282 31 casein® ZA 9] was) Bl &
938 9ge 3t} (Smith et al. 1997). ¢ caseino] 713
2o AEA ol§HI o, FrHAYH HYEte
A 44 &4 7 Il ol dARA Rt AEE F
71HAET 718499 o] T ¥ oA E Ha=
171w &o)t}k (Schuller et al. 2000).

Fuke] Q) 9, 27] (Liu and Cantliffe 1984; Dhir et al.
1998; Dessai et al. 1995) 5-¢] HHAE o] &3t AEsteE 4
Algte] ghou} W2 Eshg-S vEhiom, AHEEEE (Lee
at al. 1994; Min et al. 1994; Al-Mazrooei et al. 1997; Kwon et
al. 2002)2 o]&ste | 7P Al wiEA A e) A
AT $ERE AOR ek w8 of2] ABAIA
casein@} 7+& AA 4okl S Hr1ELo @4 A Eutdil R
S 7RIS S ¥ T Atk

agvkel BrE7bA) s EENEY EACE particle
(Min et al. 1998)3} Agrobacterium
tumefaciensE ©]& (Gama et al. 1996)3}e] GUS FA719] &
el, Moran 5 (1998)2 Bacillus turingiensis 25 €2] delta-
endotoxin F+AAE A. tumefacienss ©]-g3ko] Fule] A
A% st stk 23y g 2 Ak
oA FAAG ofHRES FAAL Atk Wb B AtelA
BV AEs Ee a2 32A% 7 E88 &

H

bombardment

ft

M
g —

o
0% Welxw, m# AR A HHAL

$ FPUE o) BEHOE 082 & 9

N

2)]\

2

2 o

[e]

o

il

=2y

ol o

=l

O

X 9

Igeke] Ahuldol] ok widAy AHARRE digE
AAZL M= A gheh Z7ur ARG EHS | myl 24-
D7} H7Fd MS v x]ol| A vl oF 45 FHoll 2 H o] wiA) e
227 gAE QT 3 24-D7F H7EE viA]d| caseingd A7F
oM vl A FFO widA &2 FHI 90% ©]
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D70} MES O0|k= caseine| Hst - 71

HAZHE AMZE Y FEs HENTZEA7E AAR MS
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caseing F71eH AiAME o £ G VTS H49 &
ok A2zt stk 4, 2 mm o]Eke] AA 22
FE oolx w2 FA R ANEue wgol
100~300 mg/L casein®] 7ol &l Z715td0 gy A
g 2o A dojz] MM T FH MS 7|2 A A HA 2
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