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Abstract Genetic manipulation of pear (Pyrus pyrifolia
Nakai) breeding is still difficult due to lack of reliable
regeneration system. The aim of this research is to establish
shoot regeneration system from leaf explants for pear (P.
pyrifolia cv. Niitaka) using various concentrations of plant
growth regulators and carbon source supplemented to
medium. The highest regeneration rate of about 20% was
found on a medium containing 4.4 g/L. of Murashige and
Skoog (MS) without vitamins, Linsmaier and Skoog (LS)
vitamins were added separately. Leaf explants of pear were
cultured on MS medium containing 7 g/L. of Daishin agar
supplemented with various concentrations of NAA (0.01,
0.05, 0.1, 0.5 mg/L) in combination with BA(3, 5, 10 mg/L)
for shoot regeneration. In medium with 5 mg/L of BA and
0.01 mg/L of NAA, adventitious shoot regeneration rate was
higher than others treated. The optimal results were observed
using MS medium supplemented with 30 g/L sorbitol as
carbon source on regeneration system. Sorbitol is considered
better carbon source than sucrose for shoot regeneration of
pear (P. pyrifolia cv. Niitaka). In order to increase of shoot
regeneration in pear (P. pyrifolia cv. Niitaka), plant agar and
Daishin agar used as gelling agents, Daishin agar is more
efficient in shoot regeneration.
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AATES B A S0 £YL G A4
SERDOEE R R EERIE ERREC R
T 242 o] 83 YAAT A7 HFHOR Sy
7 e 2R EAIA ) Shgo] MaEolof dht
N2 2AW 14 H5EY AL 58 484 £
2 B3 AEL 7S AE AES AL L 9T TR
WA 59 BHS 9o ol §E 1 ek AW /&0
ogt NBAC AREE BEE ABE o] uet 2 Hfo]
£ oW FAT FIHE FF 2, NEYYEY
Y R 5E, F2A 93 GFS WO vl (Garci

et al. 2011) viSF Wi Aol M7te = =4, AR A4 FYA
o oA = delZthH(Chevreau et al. 1997). ¥jU5F9 %
A FS v Az = el F(Tukey 1934)0] Al 321
¢l M ¥ (Chevreau et al. 1989), 7 A< Z 2l (Lane 1979), ¥
HAA 6 72 2 (Ochatt and Power 1988) 2 F ] 2| E 3}
of thgt A7k Harklo] Sk v o] Ak dx2)s o83t
ek Aol ofet 7] A7olA] Alo] H7FE cytokinin
%2 (Cheng 1979)%} gibberrellin %F(Yotsuya 1980) 5 4
EAAEAEAY 20 AEEOH FATA oA 9
A& A o] FRF= A= ATK(Singha 1984). Hf A-Z3}of
g AtE 2 Y AHA o] w3t Aot HalEoe] 9lo
1 (Hennayake et al. 2003) Al&4] Feto] Sl of 99|
ofe) Rio] Qi 44 H xh ARsto] EgHol2tn
B 75 A th(Chevreau and Leblay 1993). 12y o] &3t &

= =2 AP communis L)E 3oz T ZlolH &
FHfell A= At At fE55he wjeke off o] &
A o= olgfgof sl ofA A3} @A o] =] K5}
1 Qlth(Banno et al. 1982). £3] BE FUuN(P. pyrifolia
Nakai)= 237} ol & FOEA WA AL &5
O] Al o83t mAH A o] ek A7 HLee et al. 1998)
AL, o AHS 0] &3 A3t A (Lee et al. 2002)%=
HIUEAARE o] il F3et AP oAt s3tge
2 BRSPS oht & AT AN AT 2
¥, el FFOIA AR 20 - AR -2
ueh ol AR o] 80% ol 4L AR ek Y FR B
el Alaro A AgA el st 205 Shgshs Wiol Al
Fotch neba] B ApolAls u) Al B o A
Aol FFE nA= oy aclE F AR EEE
2 M 1-Naphthaleneacetic acid (NAA), benzylaminopurine (BA),
Indole-3-butyric acid (IBA), thidizauron (TDZ)%] =0 w&
AIE 2AFRAL HIEHR S| FFof T 2 2 A sucrose
2} sorbitol & A4 & T3l A X|A| 24 plant agar®} Daishin
agar®| TS PG
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A7Vskal pHE 582 X433+ MS (Murashige and Skoog
1962) v AJof] 2438t 7Wf =Y F=tith Az 5
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SRR 8 Aeshdch uene Ge 2] 93 o
Efdlo] H7tEA] 9k& MS HjA]of LS H]E}T(Linsmaier and
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(Moon et al. 2000) 1 oA = fEAQ A E AR
o1 auxin®} cytokinin®] ¥ H] Lo wtA] 7]
@_31 27} & A H th(Huetteman and Preece 1993). Hj]
£59) Az ARl 3T awin] 52 27] 94l
A NAAQ] %2 001, 005, 0.1, 0.5 mg/L (Table 1), IBA2]
=2 005, 0.1, 05, | mgL (Table 2)& 143} BAC]
EE 235 10 mgl, TDZO] $EZ 1,3, 5 mgLS 2+2}
Zar Wi Rlol 9 AWAS ARSI w2 3 F
| AnAe] Aehuol A Anke A% Ast TAsG
3 % ol A27F BohE7) Adsteda, 4 27k Ay
o AWANA Mol e VAT 4 UTHFis
1). NAA E50] B2 A5 ARSI 001 mglo] ¢e
T w2 HEIE 164%S HQl HHH 0.5mg/Le] =
2 FEAA = AY 425 FAY5HA GtTtHTable 1). IBA
A 2o A & 0.05 mg/Lo) e 5= i A|o A 9%9] A
B3-S Holon ol @ F 9 awxino] 4] B AlaL

1o %
L
l

XE iy
O

=

RN

Table 1 Effact of NAA in combination with BA and carbon source and gelling agents on shoot regeneration from leaf explants of

pear (Pyrus pyrifolia cv. Niitaka)

1:1/[1161;111];1;1 MS (g/L)+Vitamin (ml/L) (11;11[;/12) (n]?gz/%L) Carb(él/ Ls)ource Gelli?gg/ Ijt)gents Fonnatio(r(l%);)f shoots

1 MS 4.4 (including vitamin) 0.01 3 sucrose 30 Plant agar 8 1.8
2 MS 4.4 (including vitamin) 0.05 3 sucrose 30 Plant agar 8 1.8
3 MS 4.4 (including vitamin) 0.1 3 sucrose 30 Plant agar 8

4 MS 4.4 (including vitamin) 0.5 3 sucrose 30 Plant agar 8

5 MS 4.4 (including vitamin) 0.01 5 sucrose 30 Plant agar 8

6 MS 4.4 (including vitamin) 0.05 5 sucrose 30 Plant agar 8 3.6
7 MS 4.4 (including vitamin) 0.1 5 sucrose 30 Plant agar 8 3.6
8 MS 4.4 (including vitamin) 0.5 5 sucrose 30 Plant agar 8

9 MS 4.4 (including vitamin) 0.01 10 sucrose 30 Plant agar 8 0
10 MS 4.4 (including vitamin) 0.05 10 sucrose 30 Plant agar 8 1.8
11 MS 4.4 (including vitamin) 0.1 10 sucrose 30 Plant agar 8

12 MS 4.4 (including vitamin) 0.5 10 sucrose 30 Plant agar 8

13 MS 4.4+LS Vitamin 5 0.01 3 sorbitol 30 Daishin agar 7 3.6
14 MS 4.4+LS Vitamin 5 0.05 3 sorbitol 30 Daishin agar 7 1.8
15 MS 4.4+LS Vitamin 5 0.1 3 sorbitol 30 Daishin agar 7 1.8
16 MS 4.4+LS Vitamin 5 0.5 3 sorbitol 30 Daishin agar 7 1.8
17 MS 4.4+LS Vitamin 5 0.01 5 sorbitol 30 Daishin agar 7 16.4
18 MS 4.4+LS Vitamin 5 0.05 5 sorbitol 30 Daishin agar 7 0
19 MS 4.4+LS Vitamin 5 0.1 5 sorbitol 30 Daishin agar 7 0
20 MS 4.4+LS Vitamin 5 0.5 5 sorbitol 30 Daishin agar 7 0
21 MS 4.4+LS Vitamin 5 0.01 10 sorbitol 30 Daishin agar 7 5.5
22 MS 4.4+LS Vitamin 5 0.05 10 sorbitol 30 Daishin agar 7 7.3
23 MS 4.4+LS Vitamin 5 0.1 10 sorbitol 30 Daishin agar 7 3.6
24 MS 4.4+LS Vitamin 5 0.5 10 sorbitol 30 Daishin agar 7 0
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F5Y JoRRE Az FAo] ol S-S HojErh
B el A2t et AtAatol A F(Pyrus pyrifolia

cv. Housui)@} 8§4=~’(Pyrus pyrifolia cv. Kousui)= IBA 5
mglle] ¥ SEold YA FHT BLS G

1 (Hennayake et al. 2003) 413§ LA} o) A ‘ShFu]’ o /\1
+ 1AA 03 mg/Lof A =& AE3Hg0o] B %A THChun et
al. 2012). o] gt Apol= FFof Wt A= thE 24 auxin
FTEE /M= Alor Heldh Hf ‘Aire] e+ IBA
005 mg/Le] W& Froi 2 AEstas Bl A+
A7} BaE 9] oY (Lee et al. 2002) & ¢15Lof A= IBA
A2 KT} NAA 001 mgLe] e w7} Alzo] Ajrst
o aA<l auxin® 2 UEFFTHTable 1).

Cytokinin X2[0] E ASH M=t

Hj cAl3°9] AlZ A E3ho A3HEE cytokinin®] HE S 2+
7] 91814 NAAS] %2 0.01, 0.05, 0.1, 0.5 mg/L (Table

1), IBAS] =2 005, 0.1, 05, 1 mg/L (Table 2)& 43}
1 BAY 5XE 3,5 10 mglL, TDZY 5=& [, 3, 5 mgL
2 77 2w iAo o AAAS A4 BA &
o W AEA A= 5 mgllo] FrRolA =2 A
B318 16.4%S X 3(Table 1). TDZ A 2o A= 1 mg/L
O] & sk vjAlofl A 9% AE3 & K TH(Table 2).
o A3l EFFo A T FE=2 TDZ A 2|77} 66.7% 2
e ARIES Wl AT AT} BAE A (Lee o
al. 2002) 2 Ao zfF o] A Fokth(Table 2).
o] A&Estoll Tt AAutol| A T4 W=
TDZ 5 mg/Le] =& ZToli AlEH HE3t7 2 =9
© j(Hennayake et al. 2003) ‘34’ o 4] += TDZ 0.25 mg/L
oA =2 AE5HE-0] B 15K Chun et al. 2012). X7}k
A TDZ+= cytokinin?} F-AFSH 3HS sH= EAE W(Nayak
and Rath 1997)0] 4] 4B 4 &3fo] o & -85tk o
T AT YT BEA BN E A2 ZAo] HTHH
ol g2 AEAR 2 opo] o] &5 7 ) rhHuetteman

Table 2 Effact of IBA in combination with TDZ and carbon source and gelling agents on shoot regeneration from leaf explants

of pear (Pyrus pyrifolia cv. Niitaka)

1:1/15;111[1)121 MS (g/L)+Vitamin (ml/L) (:ﬂ];i : (I;Fl]g)/i) Carbcél/ Ls)ource Gellit(lgg/ ]jl)gents Formatio(t(l%g)f shoots

25 MS 4.4 (including vitamin) 0.05 1 sucrose 30 Plant agar 8 1.8
26 MS 4.4 (including vitamin) 0.1 1 sucrose 30 Plant agar 8

27 MS 4.4 (including vitamin) 0.5 1 sucrose 30 Plant agar 8

28 MS 4.4 (including vitamin) 1 1 sucrose 30 Plant agar 8 0
29 MS 4.4 (including vitamin) 0.05 3 sucrose 30 Plant agar 8 1.8
30 MS 4.4 (including vitamin) 0.1 3 sucrose 30 Plant agar 8 0
31 MS 4.4 (including vitamin) 0.5 3 sucrose 30 Plant agar 8 0
32 MS 4.4 (including vitamin) 1 3 sucrose 30 Plant agar 8 0
33 MS 4.4 (including vitamin) 0.05 5 sucrose 30 Plant agar 8 0
34 MS 4.4 (including vitamin) 0.1 5 sucrose 30 Plant agar 8 1.8
35 MS 4.4 (including vitamin) 0.5 5 sucrose 30 Plant agar 8 0
36 MS 4.4 (including vitamin) 1 5 sucrose 30 Plant agar 8 1.8
37 MS 4.4+LS Vitamin 5 0.05 1 sorbitol 30 Daishin agar 7 9
38 MS 4.4+LS Vitamin 5 0.1 1 sorbitol 30 Daishin agar 7 3.6
39 MS 4.4+LS Vitamin 5 0.5 1 sorbitol 30 Daishin agar 7 1.8
40 MS 4.4+LS Vitamin 5 1 1 sorbitol 30 Daishin agar 7 73
41 MS 4.4+LS Vitamin 5 0.05 3 sorbitol 30 Daishin agar 7

42 MS 4.4+LS Vitamin 5 0.1 3 sorbitol 30 Daishin agar 7

43 MS 4.4+LS Vitamin 5 0.5 3 sorbitol 30 Daishin agar 7 3.6
44 MS 4.4+LS Vitamin 5 1 3 sorbitol 30 Daishin agar 7 0
45 MS 4.4+LS Vitamin 5 0.05 5 sorbitol 30 Daishin agar 7 1.8
46 MS 4.4+LS Vitamin 5 0.1 5 sorbitol 30 Daishin agar 7 1.8
47 MS 4.4+LS Vitamin 5 0.5 5 sorbitol 30 Daishin agar 7 0
48 MS 4.4+LS Vitamin 5 1 5 sorbitol 30 Daishin agar 7 1.8
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and Preece 1993). 121} ¥o] A= TDZS H7}stH A&
ShE A2 A RRE e Azl 7PE BTt o
FAT7} 91 S H(Seo et al. 2002), Hjoll Al = BARE T TDZ7}
AlEA o o3t 4= FA8tths 2a7t Qlek(Caboni
et al. 1999; Kadota and Niimi 2003). wztA 2 dF3=
cytokinin o] Qlo] TDZ A 2]t} BAQ A7} v AlxL
FEY 4z AT AEAE B3A7IE 240 3lof A
oot Ak

ASA| M3t 2o BARED XXH S FE

Sucrose?} sorbitol 2 A5 Z A HfjoFof| A o X9} EtAY
a2 RS 2EA =A wol ARG . A3 A
TAY HaYY] Fro WE Fa FF9 AwEsts
oA 30 g/Lo] FE=7L 15 glo FeEY w2 Al A4
AIE Ho]F0]A(Chun et al. 2012) BAYY] == 30 gL
2 A3} sucrose2} sorbitol @] k-2 v w3t A3} sorbitol
oA Az AHE3Eo] A UEETHTable 1, 2). Sucrose
= Foll oFsliA wiA S Bt Al7ko] AojA ALY §Fg ol
ol thR9l glucoset} fructose = H5}7] wj ol Al
Ao o] EAT 4 T o] AR} st
29lo] & 4 Ut} Sorbitol> Hfj(Kadota and Niimi 2003),
AF2H(Sotiropoulos et al. 2006)of| A} A1 % 2] zfE3}of| sucrose
urp GapEolak: A7 A0 B E Y Jonidel
7HA A | (Annona muricata L.)2] A E2}o| A sucrose *|
o ofa) Helzrh S4ak v ARIEE Baelgl
H(Lemos and Baker 1998), o]+ A A9 AJAFo] A% 9]
Aesto] AFE WAL Ao B X AFolA
= gwA T4 oite] Al Aol H7) of
AN AR A2 ES A A7) ofd AlEA 25 E A4
#3HE Aotk Aol A plant agars A A A &= ol

Fig. 1 Plant regeneration from the leaf explants of pear (Pyrus pyrifolia cv. Niitaka) on shoot induction medium A. Adventitious
shoot on MS medium supplemented with LS Vitamin 5 mI/L+NAA 0.01 mg/L+BA 5 mg/L+sorbitol 30 g/L+Daishin agar 7 g/L B.

Adventitious shoot on MS medium supplemented with LS Vitamin 5 ml/L+IBA 0.01 mg/L+TDZ 1mg/L+sorbitol 30 g/L+Daishin agar
7 g/L

ARESE=H| 2 Aol A= RS & HA G Al
31’9 Alzx Y9FAELS Q13 plant agar®} Daishin agarE W]l
2] 3} ). Daishin agar:= gel strength7} min. 700 ~ 800
g/cmzoli plant agar+ min. 1,100 g/cmzi z}o) 7} v A
3452 Daishin agarof| A A &£3He Al27F B Wol A
St Ao Hol AEA| AE3F} o+ Daishin agar7} T
a3HQl Ao weEt. o ARAA Ax7h et
LA mu wel] o4 F 347 427}
AT A oFar AHA Y] vt dAdo] TEE T ek 7
T Az 2o dofjdtt wjok 27 Foll= AY7I =R H
ol glo] AN th(Fig. 1B) wjeF s3Foll= A4
AEAlz ZotslfthFig. 1A). v g 7] 7ko] dada5 4
HAO A th=0) Al 27} E3}E = Ao] ¥E QI vjek
H Y AR RRY {7)EH Az A4 WA= A
A5t A EAE A R(BA 1 mg/L, IBA 0.1 mg/L, sucrose
30 g/L, plant agar 10 g/L)2 &7 & 154}, 454}, 8FAF
(Fig. 2A, B, C)of &3}, IBA 0.1 mg/LE A 7}sk gt
S A= HA He A sk lth(Fig 2D). & A
Aol A v A &S] et A3 A-rAdt S e] A=
&2 76.7% 2 wS A UE oy 12} st A
o Al 7H A qkgt wf Aol A A3 9] A EIFEL 164%E
UL, 485579 A 2|t Soll A AEeEo] w2 A
2 2709 Ae4tE Adsto] 22 A &3 A F oA 10074
2 3RHE S 7 AT A3 20%7HA] FE 7= A
g AEske Hoh @kt ol FE5 #4
o o2 2}o]Z AJZtE|m GUS transient expression system
AP AE Y] QoA GUS HEo] I
A9E A ZEsfEo] W Alar e QlojA= GUS Wdo]
ZHEA kA= AAD. & Ao e e
8 FFQ Al AR =4S FEskR e, o
3t A2 wi o 22 e aa Al A A ol &2
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Fig. 2 Adventitious shoot formation and plant regeneration of tissue cultures in pear (Pyrus pyrifolia cv. Niitaka). (A) 1 weeks after
transfer proliferating on the MS medium supplemented with BA 1 mg/L+IBA 0.1 mg/L (B) 4 weeks after transfer proliferating MS
medium (C) 8 weeks after transfer proliferating MS medium (D) Rooting on the MS medium supplemented with IBA 0.3 mg/L
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