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Abstract In order to establish an efficient adventitious
shoot regeneration conditions from leaf explants for Asian
pear ‘“Whangkeumbae’, the effect of concentration and kinds
of plant growth regulator and carbon source was
investigated. Leaf explants of cultures grown on Murashige
and Skoog (MS) medium containing 8 g/L plant agar were
used. When the medium contained 0.25 mg/L thidiazuron
(TDZ) and 0.3 mg/L indolebutyric acid (IBA), the
adventitious shoot regeneration rate (ASRR) was greater as
61.1% than others treated and higher TDZ concentrations
(2.5 and 5 mg/L) treatment significantly reduced the ASRR.
As the effect of IBA and indoleacetic acid (IAA)
concentration on the ASRR, 0.5 mg/L TDZ plus different
concentration of IAA exhibited relatively high ASRR and
0.5 mg/L TDZ plus 0.3 mg/L IAA showed the highest ASRR
of 76.7%. Also the effect of sucrose and sorbitol as carbon
source on regeneration was examined. The highest ASRR
and the most shoots per explants averaged 94.4% and 3.49 by
treatment of 30 mg/L sorbitol, respectably. Sorbitol is
considered better carbon source than sucrose for shoot
regeneration of ‘Whangkeumbae’ pear.
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ko] 1984 2 AwlE =3 Zx o2 20074
Oﬂ*i 384 hao] AuiHA S 24 7F B4 FF ot
ol o FEANES ) SFHo] F= o] & H o
MepA Ao o] 27714 W& AlZto] 835 =
ob4 hejoln Thekat YHo| WAH o] Yof B
Ae wed AAE 27 AAAE Be
AAE Belajof sk web &S BEAY
d OARE 7|2 OFFZ x| A £ 3
188 ol8T F4 HBL VTS
Aol glolA Acke A S 7
So Hg 2010). &y HdHkA o= 44% A&3H7t
= T A A3prt A ow, Agrobacterium
FAAE AL FAATA AEES w9
l utef 2ol 7h °‘°E“l Xﬁﬂﬂoi 2% olstz
E]-(Bell et al. 2012). whEtA], Soku] FAATH S 27
5H*1L A&s 219 2ol 4 ?%413]010][ ook A&
& HAEAY TR FAEE, A T2E, viA
05294 ZA, B =3k 4o golo o8] we oJIks
] (Garcia et al. 2011; Zhang et al. 2011; Hennayake et
2003), E3F A7 A} FAA 2L BOAEE Yt
1] Z th(Chevreau et al. 1997). A1z zJE 3o Q1o
i]_J Al Fast @4 5 spuold, Atako] A
& 21 4| (Saito and Suzuki. 1999), *“ AHOoRHE G
callus(Cabonl et al. 2000), A} 1} ufj =( Keulemans and de
Witte 1994), ¢ A H(Predieri and Fasolo 1989) 52 || %)
22 A&Estol| gt AL7F Halg o 210133] HHOHHL
A AA G2 callus(Ochatt and Power 1988), 751235‘—%1}_
Zl(Lane 1979), & 2 H(Chevreau et al. 1979) 5 A EZ
sto] A3} EH?‘_P Ht7F Hars o} Qi HHJ 35 T
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2 AUARRE AEA A&l ek A7 B
o] 91 S m(Leblay et al. 1991; Hennayake et al. 2003; Lee
et al. 2002; Chevreau et al. 1989), A &4 JotH & HEo
U old o] ol Fio Sl e ¢ Hep AEst
o] a&%olgt Hi% o] QIth(Chevreau and Leblay 1993).

AR B AESte] gk At R Aol oSl
A Hol Hirwlo] glom FoFule] A9 A&}l ot
AF7E v Fe Aoty whEbAd 2 Aol X+ Fal
o] o AHA Y A&Esto] G vlA= o2 s F
A EZAA T2 L0 Z KR thidizauron(TDZ), indolebutyric acid
(IBA), indoleacetic acid(TAA) 121l EFA Y, AEUAA ZH
sucrose?} sorbitol®] A == &5 15T

S 1.0%9] sodium hypochlorite -84 o]
127t 33] WhEste] Ahatstal Hat= 39 A 453

. BHE AlZ = BA 1 mg/L, IBA 0.1 mg/L, sucrose 30 g/L,
plant agar 8 g/lLE #7}3}1l pHE 5.82 X743t Murashige
& Skoog(MS, 1962) tjA]o] vjoFste] A120] $41& =
Shelch Al woke 164170 3 Helsk 8417 & el %
A0 A 2,000 umol-m*+secl @] FE o} BjF = 25+2CL
GA e Az 8F A0 1~3 em A% Zol9 Al

%2 ES BA 1 mg/L, IBA 0.1 mg/L, sucrose 30 g/L, plant agar
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Iz A= ot A=A AEES 2AEH] 9
Fo] WA cytokinin¢l TDZ 0.1, 0.25, 0.5, 1, 2.5, 5 mg/L¥}
auxinQ] IBA 03 mg/l =& Z& A5t MS 7] Eu}X]
E AHESTE 7Y =E AESAE FAMAR &4
3 SRE ARl 1~3HAY ANE dS AFH st
don zk7ko] of dHA= dHE AAT & Ao R
Zretuio] 25 mLof A&E3} w7 23] Sl HEL
talel 7155 H1= kA sho] A2t 30784 38k
O 7 A4St 1 ohs A Ef ol A 67t vl F = 16
AL F 7182 FA 2532 wjgFstal 7k A Az
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Of

ARsee 2Aes,

Awin®] F52} 5o T RIS ZAH] 9
s AdtEl TDZO) =5 025, 0.5 mg/L=2 1% 3}aL auxin
0l ITAAS} IBA ==& 722+ 0.1, 0.3, 0.5 mg/lLO 2 T8 A
213k MS 7] 2ujx|o] & AHAE Ao AgH
AP T o g vjoketo] 4z AESeES £

et
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AIZH|O| 2510 O|X|= Sucrose2t sorbitolQ] H&k

Bade) $RY 5o 9T ARAEL 24 919
Auke A2 A -S54 TDZ 0.5 mg/Le} TAA 0.3 mg/LS &

£ A gk MS 7]& v A] o] sucrose®} sorbitolS ZHzZ} 15
stol o AUAS A4 shgon word
o 2Ae 471e A9 FAskan

Az2EE M E $x3517] ¢35 IBA 0.3 mg/L, sucrose
15 g/L, plant agar 8 g/LS A7}slal pHE 582 A3 12
MS Macro-Micro HX] + Vitamins(Thiamin HCI 0.1 mg/L,
Glycine 2 mg/L, Nicotinic acid 0.5 mg/L, Pyridoxin HCI 0.5
mg/L, Myo-inositol 200 mg/L)o|| &4 W& G=sl4ch

HE =22 ?let TDZ9 2t

TDZ+= Al 22 el lojA Az A7 A &3t
ARl cytokinin©. 2 7| AL 3] g o]gE
9] th(Huetteman and Preece 1993). 3Fulj o] Al |2 3}o
A TDZ 525 7] f8 SA A oA 327 uij &
St Al EA Q] Aoy £ FE 349 AY dHAS AF
3kl IBA 03 mglS ZEO R H7}sta TDZE thoFst
sER Azsieleh W 27 § e QAo dehw
ZA o] 274 FEo] &

FrEglon, 35 So= 2 Y HHEA A Al 27} &
Ste| 7] AlZFsteict. wiok 45 FRE = o] A
A A z7b £31E7] A F&sglon Al % 0] A &Sk o §
QAo Arruol A $EE T W 7|7ko] Zojd
o upet A1z 7k Z7bekgchFig. 1). TDZ =0 o}
2 A=A YES= TDZ 0.1 mgle] $e HRoAs
322%9] ¥ AJEIES HQl BHE, TDZ 0.25 mg/L ofl A
61.1%9] 71 =2 AE3&S HUrhTable 1). 22 4
HAG A% A3} 42= TDZ 025 mg/L A 2|0 A
P 23702 7 =931, TDZ 0.5 mg/Loj| A= TDZ 0.25
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Fig. 1 Adventitious shoots from leaf segment of ‘Whangkeumbae’ on shoot induction medium.
A.3 weeks of culture; B. 8 weeks of culture; C. proliferating on the MS medium supplemented with BA 1 mg/L + IBA 0.1 mg/L;

D. rooting on the MS medium supplemented with IBA 0.3 mg/L

Table 1 Effect of TDZ in combination with 0.3 mg/L IBA on shoot regeneration from leaf explants of ‘Whangkeumbae’ pear

TDZ (mg/L) Formation of explants with shoots (%) Mean No. of shoot per explants Callus formation (%)
0.1 32.2+1.9 1.6+0.2 98.9
0.25 61.140.2 2.3+0.2 100
0.5 56.7+2.1 2.1£0.2 100
1.0 48.9+6.9 2.1£0.5 96.7
2.5 6.7+3.3 1.1x0.2 100
5.0 1.1£1.9 0.3+0.6 97.8

“Standard error

mg/Le} A &3bEat A2 o) A3} ol SlojA =2A A
o] YAl= FAR TDZ 1 mg/Lofl A A-Z3k&o] 48.9%
2 A4St 7E TDZ 2.5 mg/Loj A A 2380 6.7% =2 &
A 8] Yot om TDZ § mgLoA= 45 AEsk7h Lo
@A Yolle AY AL dojuhA] Yot Als k2] TDZ
Lz AREE Asersith

B e} oA R b AEsie) D27 BB Hole
© AtAY7E HarEo] §lom A oful ] 79 ‘Seckel’ 2}
‘Louise’ @] &3] 9lojA 3 uMe] TDZ FxolA 7HY =
2 Y E5HE-S B O m(Chevreau et al. 1989), ‘Conference’,
‘Passe-Crassane’, ‘Williams, ‘Comice’2] 7% 5 uM 2] TDZ =
Lo A 7H =8 RIS HTHLeblay et al. 1991).
Zokuj o] Bl tht KRl E20l g4 TDZ
5 mglLe] FrolA 7M=& AEaleS H Lo m(Hennayake

et al. 2003) ‘A13°] A9 TDZ 1.0 mg/Lo| A 714 =2
oS HQITAL sFgith(Lee et al. 2002). & -0l A
T TDZ 025 mgl BEoA 14 B2 Huoke
& By o3 Aol $AA Yo Het A= 2
A TDZO HE2 7} Ao HoltkBell et al. 2012;
Lane et al. 1998). callus FA-& AA A 2] A 96.7% ~
100% % =qkom oheko] Alz7h Hhyst dHat 2 7] 9
ARACIA f25 2L uAAH A27h AT
L, BA | mg/L9} IBA 0.1 mg/Lo] H7bel Z4 Ao $7
ujokel A}, Al AeAr BAsts Zlo] Iy
%At BAETE TDZ7}F Al &4 9 #23) S-S £2A7
Ch= H 117} 9] 9™ (Kadota and Niimi 2003; Caboni et al.
1999) & AFofA = dH AAHZRE F=d A=z
T3t Alxo AESto] Lol TDZ Ao 7]Qlgh
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Ao Hojr},
Auxin Me2|of OE ASH MESt

e TDZ 2|4 ko] Aet auxin T/ 525 =
Abst7] 918kl TDZ =2 025, 0.5 mgLs T3 3 1

IAA 555 01,03, 05 mg/lL2 dlo] wjoFsl A}, 2 L3}
oA W Aol B 1 GThTable 2). Auxin®] F52} 5
Lo & Alx AESHEL2 TDZ 0.25 mg/L + IAA 0.1 mg/L
229} TDZ 0.5 mg/L + IBA 0.5 mg/L 2] 70| A 33.3%
= 7HE wten AAAom @ 5= 9| cytokinind} B
L 9 auxin® TEA T, 183l =& & 9] cytokinin
I #2 FE9 awxin® &A= 429 &S] §
ol autAolx] e Aoz UERRT TDZOF IBA &
4 AL A+ TDZ 0.25 mg/L + IBA 0.3 mg/L A & -]
A 589%¢] 7H ket ARsHES vebf ol e TDZ
0.5 mg/L + IBA 0.3 mg/L A2 = §ASE B3
o Bt TDZS IAA &84 oA TDZ 0.5 mg/l +
IAA 0.3 mg/L &G4 76.7% 2] 7 =& A&ste=
Ut olem TDZ 0.5 mg/Let IAA &-& A2 oA o
2 A Fo v w2 Az AEES BT 4
& 24 wjeFol A AE3H= WA FFE} iAo M7}
He T2g 24, AE 7448, s 294 59 o
2 71A] 840 whe} P How auxind} cytokinin Q]
WA 22| A Hlgo] AZstof| QlojA Fadh A
S tar Qlth(Bell 2003). Lee 5(2002)2 <A1’ 9] A3}
o IBA7} A3-4 9] auxino]g}l B stH oLy & o
A= gl e] Ao Az Arsto] BAKCHAAT}

|

Bl auxin® 2 YEGT 22 AHAY A3
Az = A2 AESfEo] 7HE W& TDZ 0.25 mg/L
+ IAA 0.1 mgL A4l 1742 7h8 wopom u
sh-go] 7H =2 TDZ 0.5 mg/L + IAA 0.3 mg/L A &]Ft9]
A 2TNE 7H A e ot A= sk
o] 2 AP FollA dHAT AHEI == 42Y e F
71eh= Ao 2 HoAt) callus®] A TDZ 0.25 mg/L
+ 1AA 0.5 mg/ll &8 A5 ALt = A2 oA
auxin =7} oplof wek callus®] Aol vl Ao
U Az AREES Polzlow], Sal BA 2Tt IAA
Azl o} calluse] Z40] FAFL A2EL H
2 fgastqith o3t At awin F% F7h= callus
NS FEsty Az AfEste] QoA Bt 21S
7HA A Qe Aoz BRIt} callus AJAd-S TDZ 0.25 mg/L
+ 1AA 0.1 mgll A2 A 90%E 713 wrokon giRE
A 2ol A 96% o] o] 3tk

Sucrose 2} sorbitol AM2/0f E A=A =3}

ot Bl alluse] Az A8l gloiA oy
SAFFY 19T FEGARA FLT UL B

B 5o Qlth(Brown et al. 1979). watA] E A3 of A
T sucrose®} sorbitol®] Eof wWE Al YEISS
ZARSE A3} & 2po]E H Y thi(Table 3). TDZ 0.5 mg/L +
TAA 0.3 mg/L& 7}t ulj ] of sucrose 30 mg/Le} 15 mg/L
w82 Zesh 23} 30 mg/l Z e FolA 73.3%2] A2
Sh&a e oW 15 mg/l Ao A= 22% % A=
o] A Bslgo] HA3F| LAt Sorbitol?] ¢ 30 mg/L

(ST A

Table 2 Effect of IAA or IBA concentrations in combination with TDZ concentrations on shoot regeneration from leaf explants of

‘Whangkeumbae® pear

Plant growth regulator (mg/L) Formation of explants with shoots (%)

Mean No. of shoot per explants Callus formation (%)

IAA IBA TDZ

0.1 - 0.25 33.343.3"
0.3 - 0.25 47.8+3.8
0.5 - 0.25 53.3+24
- 0.1 0.25 42.2+1.9
- 0.3 0.25 58.943.8
- 0.5 0.25 35.645.1
0.1 - 0.5 63.3+3.3
0.3 - 0.5 76.7+1.9
0.5 - 0.5 50.0£5.8
- 0.1 0.5 50.043.3
- 0.3 0.5 57.8+1.9
- 0.5 0.5 33.343.3

1.7£0.2 90.0
2.3£0.1 96.7
2.4+0.3 98.9
1.9+0.1 97.8
2.2+0.1 98.9
2.0+0.2 100

2.2+0.4 96.7
2.7+40.5 98.9
22404 98.9
2.3+0.3 98.9
22404 100

2.0+£0.3 100

“Standard error
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2} 15 mg/LE A= st 2T}, 30 mg/L A2 Fo| A sucrose
Ao Hoh =2 944%9] =2 fEstES vEllen
15 mg/L A 2] A<= sucrose A 2] o} npzk7tA| &= Al % 9]
A ESHgo] 21.1% = F4 3] 745 A9 sucrose 15 mg/L
At Ethe F2e Aestes Eoch webA e
A1z 9] AJE35}o sorbitol©] sucrose2t} & 12 o] At} Feng
5(2011) sorbitolo] BHAY, AEAAZH O T Mt
oty el st e e FAA HE o] Wl A gAor
Ee HHA R g nAH B4 AAAAE §5t
o callis2 5B AEAE AEo}ot=d a4 o= 2§
Sttty Bt o, 244 (Swedlund and Locy 1993),
#(Geng et al. 2008), U (Hassan et al. 2009) 52| A £33}
aapAolet= Bk Qo vjo] - sorbitolo] 41% 9]
Zxo] aatAolgt= Havl 9l om(Kadota et al. 2001;
Kadota et al. 2003), A}Z}(Sotiropoulos et al. 2006), Ar<-
(Marino et al. 1993), E-<=0}(Ahmad et al. 2007)o] A &= Al %
ZAlof 9lo] A sorbitol©] sucrose} T} & 1}A o]}l 51
ot 22 AHA| G AESIE A2 ¢+ sorbitol 30 mg/L
Aol A 35702 7H wstor Afidkeo] w54 A
23HE A2 9] 7 STkl callus®] Aol Al sucrose
2} sorbitol @] A e HE7} Yol o ule} callus7) v oj 3
Z =4 £3| sucrose 15 mg/L & 2] Lo A callus®] A Aol
et AE el & 5 AUTh(Fig. 2). Lemos?t Baker
(1998)= 3= 9] zE 3} A] sorbitol =T} sucrose * 2] A]
callus7} S+ skA S48k om Aeh& T3 453l

ol Bustled, & Aol E fARE A0E B
o o] 2|3t callus®] o] Az A E3}o FaF=
A= Aoz A=t YA S 2 auxin®} cytokinin 2]
T HE2 7| S 245k et addoE A8
5t auxin®) § =7} =31 cytokinin s =7} YO ™ callus
7F B/ ¥ L cytokinin =0 Ao FobAH 4lx
7F A sHA Hok webA] callus®] =g A WA
auxin®] cytokineo] thek H|Eo] FobA= AS ofu]stH
ol WAz =20 W37t &3S At Aow
A ZyE Tt 71| (Solanum melongena L)o| A @2 L9
G} W& 4HEgro] Aol AR sloiA] §2lsehn
B Eo] gl oK Mukherjee et al. 1991), & A= &
2 e gl RS A2 ARIEL GaA e
Ao epdeh. olelat An ARee] Wl A%
Al Aokl Fagh 43S ot A0RE 4T e
9] AL = sucrose®} sorbitol?] 15 mg/L sEANA &
P Az RIS fHae Wobxl ARl os) Al
of A&7t A FFE e AR Hojzloh
NA= e e o AHAZRE &3} 24
S AR ol A Al =
Alaret e o FFY uf =AW s
Wt oty Agrobacterium= )&
A a& FS Slo &8E 5 s A= A
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Table 3 Effect of concentrations of sucrose and sorbitol on shoot regeneration from leaf explants of ‘Whangkeumbae’ pear

Carbon source Concentration Formation of explants Mean No. of shoot Callus formation
(mg/L) with shoots (%) per explant (%)
Sucrose 30 73.3+8.8" 2.540.2 100
15 2.2+0.2 1.9+0.2 97.7
Sorbitol 30 94.4+1.9 3.5+0.2 98.8
15 21.145.1 1.3+0.3 98.8

“Standard error

Fig. 2 Effect of sucrose and sorbitol on regeneration of ‘Whangkeumbae’. A. Sucrose 15 mg/L; B. Sucrose 30 mg/L; C. Sorbitol

15 mg/L; D. Sorbitol 30 mg/L
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2 A= Sl (‘Whangkeumbae') 9] ¢ A HA| 2 HE
FAHE AA SHS A a&4 A& AA &=
= fd Ae AERAAY Fo T@aYQl sucrose,
sorbitolo] A]&EA] AE3tol| m2]= FFS A $180
39t o HAYE MS Hjx|o]| TDZ L =& 7247t
0.1, 025, 05, 1, 2.5, 5 mgLo2 3} IBA 03 mgle &8
23t A3 TDZ 025 mgl T=o]A 61.1%] 7H4 oF
Soh RS Mg om TDZ 2.5 ml 0|49 Hwof
He Azl A Rskgo] 345 gastlt). BAL A
F=of o3t 4129 AE3E2 TDZ 0.5 mg/Let [AA &
& AEg FolA AAHOR =2 Az HEIES
B om E3] TDZ 0.5 mg/L + TAA 0.3 mg/L A 2] F-of A
76.7%9] 71 =2 AE3HES Bk AR & thad
O 2 sucrose®} sorbitol2] FaFof thslo] 15 ¢/L, 30 g/L
w2 A3t A3} sorbitol 30 mg/Lol| A 7HY =& )&
Shee Ha B3 AHA G 429 £k 3572 7
oF5 5t th walA sorbitolo] sucroseETh CBHEHRTS] Al
20| ARsio] Qojx mTHol k.
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