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Abstract Plant regeneration protocols for adventitious
shoot organogenesis from apple (Malus domestica ‘Fuji’)
leaf explants were developed in the present study. The
effects of different basal media, types and concentrations of
carbon sources, and concentrations of plant growth regulators
were evaluated to determine the optimal shoot regeneration
conditions for ‘Fuji’ apple leaf explants. On different treatments
involving combinations of basal media, LS and N6 media,
and different types and concentrations of cytokinins, 6-benzyl-
adenine (BA) and thidiazuron (TDZ), shoot regeneration rates
were the highest in the N6 medium combined with BA.
Among the plant growth regulator and carbon source
combination treatments, 5.0 mg/L. BA, and 0.1 mg/L o-
naphthalene acetic acid (NAA) with 40 g/L sorbitol was the
optimal combination for shoot regeneration. In addition, the
optimal sorbitol concentrations for shoot regeneration were
40 g/L and 60 g/L. The highest regeneration (81.8%) was
achieved using 40 g/L. sorbitol. The regenerated shoots
elongated and rooted on rooting medium, consisting of 1/4
MS medium with 0.2 mg/L indole-3-butyric acid (IBA). The
plantlets were acclimatized and the regenerated plants
exhibited normal phenotypes.
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UAHE F Wt 371709 8% A 42 BEY,
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AF2Re] 7] AlBA] AAS chopal %% (Defour 1990
Sriskandarajah et al. 1994; Yepes and Aldwinckle 1994)3} of) &
(Famiani et al. 1994; Welander and Maheswaran 1992)0f| 4] & 37
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4 cytokining: o] 83 412 4% 9 Fel B4 A7} 2
517 &3 =] A (Guo et al. 2011; Murthy et al. 1998) Zj 2§ o] o]
& Ao A FA FFY A EA Ao Bt A
T 3] o] 2o HTHLi et al. 2014; Magyar-Tabori et al.
2010). o] & 7|HF S & Agrobacterium-S 7| 2 oF & 2 A 3}
AT HAEI QLo ao] Wol AEA] A 9
7R A o] E Q 3t AFslo] th(Seong et al. 2005).
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Table 1 Effects of medium type, BA and TDZ on shoot regeneration in ‘Fuji’ apple leaf explants®

Medium® Cytokinin Regeneration Shoot numbers
(mg/L) (%) /Regenerated explant
N6 BA 5.0 33.0 £ 2.0 1.0 + 8.5
TDZ 0.2 182 + 83 1.5 £ 0.5
LS BA 5.0 27.7 £25.0 47 £ 0.5
TDZ 0.2 0.0 0.0

“Data were collected after culturing for 8 weeks and cultures were dark treated for 3 weeks. Values represent means of 5

replicates + SE
®Medium type
and vitamins

: N6 medium consisted of N6 (Chu et al. 1975) macroelements and LS (Linsmaier and Skoog 1965) microelements

Table 2 Effects of medium type, BA and NAA on shoot regeneration in ‘Fuji’ apple leaf explants®

Medium® NAA BA Regeneration Shoot numbers
(mg/L) (mg/L) (%) /Regenerated explant
N6 0.1 1.0 250 £ 11.9 1.0 £ 0.0
3.0 375+ 72 33 +£ 0.8
5.0 33.0 £ 83 13 +£03
0.3 1.0 43.8 + 10.7 1.5 £ 03
3.0 0.0 0.0
5.0 0.0 0.0
LS 0.1 1.0 10.0 = 6.1 20+ 1.0
3.0 7.0 £ 5.0 3.0 £ 0.0
5.0 7.0 £ 5.0 2.0 £ 0.0
0.3 1.0 0.0 0.0
3.0 0.0 0.0
5.0 0.0 0.0

"Data were collected after culturing for 8 weeks and cultures were dark treated for 3 weeks. Values represent means of 5

replicates = SE

"Medium type: N6 medium consisted of N6 (Chu et al. 1975) macroelements and LS (Linsmaier and Skoog 1965) microelements

and vitamins

oA Sl o) e A0t B2 A S w =
717+ B4 = 7] A Askeh B4
2 &7 vjoFals Eot A0 A A A &2 wheta} o ch(Fig.
S5a~e). EHHH-J Azt
2315 Az 972 HE HE*%-}% %
Az e 717te] 7
A 65 Atolofl 71 =2 Al x P &S YERH o, o] $of
= dassith
7|2HIR| S5} ASMATHEM Ol &1}
AbE 27 0] 7| o AHA R EEH O 7| HF S f

7] 9ato] Tk A, NAA, BA9F TDZ9) v 7] 24 & o] 5}
o] AFS 5233kl eh 12} A of A N6 2] 2} LSH) 2] S v
W E o), WA HeerhEa FAbE A N0y 9| g
o] =2 N6uj 2| 7} A A ol] A A o] ¢let. AlZz4=0f

+ LS A o BA 5.0 mg/L-& 7Fst A7t B4 8 Az
57M& 748 = A UrEls e BA%H TDZ A 2] of| A= BA 5.0
mg/Lo| 2] 7} TDZ 0.2 mg/L & 2] =t} 2 A of) &35 0] ¢
ok u 2] O] theF A A of Al Wo%éiﬂl A 2] of] A = NoHl 4]
o BA5.0mg/LE 7}t Aol A A% A& 33.0%, 24
A A2 1.0 2 714 =QFch(Table 1).

22 A F o A Al S QI3E 7] E ) A = 1) A3 of] A
OF npRE A 2 Nou 2| 7} & kA Q1 A 0 2 VreRRith Al
A2 M A NAAE= Novj 2] of BA 1.0 mg/LE X 7Het A 2l &
A 98k 0.1 mg/L & 2] L7} 0.3 mg/L A 2] Lok 28k
o2 aipAolglrh BAY w= A 2ol A= 2 A 2] 119

Zpoli= LrERLA] gkgk ot Al% g dE0f QlolA = 1.0mg/L
A2l 7k vl aaAo]¢laL, 3.0 mg/L A 2] Fto A dH
Al Alza7HEokeh e A 7}%tﬂ N6HH =] o] BA 1.0mg/L,
NAA 03 mg/LE 3713t 2 2] Lo A A2 & A& 43.8%2} A
HAG Al 2= L5 Z 71 =7 el oh(Table 2).
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Table 3 Effects of medium type, TDZ and NAA on shoot regeneration in ‘Fuji’ apple leaf explants®

Medium® NAA TDZ Regeneration Shoot numbers
(mg/L) (mg/L) (%) /Regenerated explant
N6 0.1 0.2 0.0 0.0
0.5 125 £ 7.2 1.3 £ 1.0
1.0 0.0 0.0
0.3 0.2 25.0 = 10.2 1.0 £ 0.0
0.5 0.0 0.0
1.0 0.0 0.0
LS 0.1 0.2 7.0 £ 0.5 1.0 £ 0.0
0.5 0.0 0.0
1.0 0.0 0.0
0.3 0.2 0.0 0.0
0.5 0.0 0.0
1.0 0.0 0.0

“Data were collected after culturing for 8 weeks and cultures were dark treated for 3 weeks. Values represent means of 5

replicates + SE

"Medium type: N6 medium consisted of N6 (Chu et al. 1975) macroelements and LS (Linsmaier and Skoog 1965) microelements

and vitamins

7] 5w 2] o} TDZ, NAAZEO] 23 & 2]+= BA 23 A 2] o
vlgl] Aubd o g Ay ggo] ot 7| Eujx & o2
] €] o w7k 2] 2 Novl 2] 7F m a2 o] 91 at, Al 5 =4
A A 2] o A= TDZ 0.5 mg/L, NAA 0.1 mg/L & 2] 2} TDZ 0.2
mg/L, NAA 0.3 mg/L 2] ] 2] of| A7k A A o] 0] F0] %] CH Table 3).

#i %717 Bt Alx A& 0] k= Neul #] 9] 79, uf
4 T Al z7L B3t 7] Al&eke] wiek 65 & G438 T
7bat gl 0w, LSuj A= 55 S 5E] Al 27} 23515 7] Al 2Fsh
Hrh Az P&l QoA Newj A 7} &bz o] glom,
ARAG Az LS A 7} ok A @okth(Fig. 1).
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Fig. 1 Shoot regeneration rates of ‘Fuji’ apple leaf explants
under different culture periods and different media. Vertical bars
represent standard errors of means
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Table 4 Effects of carbon source, BA and NAA on shoot regeneration of ‘Fuji’ apple leaf explants®

Carbon Source NAA BA Regeneration Shoot numbers
(g/L) (mg/L) (mg/L) (%) /Regenerated explant
Sucrose 30 0.1 1.0 250 = 11.2 1.3 +£0.3
3.0 250+ 94 3.0 £ 0.7
5.0 25.0 £ 144 1.3 £ 0.0
0.3 1.0 25.0 £ 6.3 1.3+ 04
3.0 0.0 0.0
5.0 0.0 0.0
Sucrose 15 0.1 1.0 15.0 + 6.1 20+ 1.0
+Sorbitol 20 3.0 250+ 79 14 £ 02
5.0 150 £ 6.1 27 £ 1.7
0.3 1.0 13.0 £ 10.0 32 £ 03
3.0 10.0 = 6.1 14 £ 0.5
5.0 250+ 94 27 £ 05
Sorbitol 40 0.1 1.0 25.0 £ 13.7 22+ 0.7
3.0 40.0 = 10.0 2.7 £ 03
5.0 550+ 22 47 £ 0.3
0.3 1.0 25.0 £ 0.0 1.9 £ 0.8
3.0 200 £ 94 1.6 £ 0.2
5.0 20.0 = 3.7 2.0 £ 0.0

"Data were collected after culturing for 8 weeks and cultures were dark treated for 3 weeks. Values represent means of 5
replicates = SE

Table 5 Effects of carbon source, TDZ and NAA on shoot regeneration of ‘Fuji’ apple leaf explants®

Carbon source NAA TDZ Regeneration Shoot numbers
(g/L) (mg/L) (mg/L) (%) /Regenerated explant
Sucrose 30 0.1 0.2 0.0 0.0
0.5 63 £ 6.0 3.0 £ 0.5
1.0 0.0 0.0
0.3 0.2 188 + 6.3 13 +£0.2
0.5 0.0 0.0
1.0 0.0 0.0
Sucrose 15 0.1 0.2 10.0 £ 6.1 1.5+ 05
+Sorbitol 20 0.5 150 £ 6.1 27 £ 12
1.0 10.0 + 11.1 32 £ 05
0.3 0.2 10.0 £ 6.1 1.0 £ 0.0
0.5 15.0 + 10.1 1.3 +03
1.0 250 £ 79 13 £ 04
Sorbitol 40 0.1 0.2 40.0 + 12.7 23+ 04
0.5 50.0 + 16.5 25+ 0.7
1.0 44.0 = 18.7 46 £ 1.0
0.3 0.2 15.0 =+ 6.1 13 +£03
0.5 25.0 £ 15.8 2.8 £ 1.1
1.0 30.0 + 184 2.0 £ 0.5

“Data were collected after culturing for 8 weeks and cultures were dark treated for 3 weeks. Values represent means of 5
replicates + SE

QYo Az FA S Qloj A= A F 22 0.5 mg/L A g AAA G Al 24+ sorbitol 40 g/L, sucrose 20 g/L+ sorbitol 15
TFoA Fat AytE Yeb AL, AEA T AlxsE 5 /L, sucrose 30 g/LO] =0 2 = th(Fig. 2).
= of v) 3| 3} th(Table 5).
t 2 Aol e AP 3% e BAEY A Sobiol 559
apstel wof 712k 5t 444 02 Sohsteet A
A

4
2 A o) Ao vjop 2715 e, Ax e W Az Ao BT A0 by ek T34 sorbitol ]

¢
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Fig. 2 Shoot regeneration rates of ‘Fuji’ apple leaf explants
under different culture periods and various carbon sources.
Vertical bars represent standard errors of means
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Fig. 3 Effects of different sorbitol concentrations on shoot
regeneration rates of ‘Fuji’ apple leaf explants. Vertical bars
represent standard errors of means
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Fig. 4 Regeneration rates of ‘Fuji’ apple leaf explants under
different culture periods and various sorbitol concentrations.
Vertical bars represent standard errors of means

sorbitol 60 g/L A 2] Lol A 5170 & 74 ek e
Z 9] shehE 9 AT Abo]of] F-E A ATt u] mF
2] =] 3l tH(Fig. 3).
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Fig. 5 Plant regeneration via adventitious shoot formation in
‘Fuji’ apple leaf explants. (a) Granule type tissue formation on
the cut surfaces of leaf explants; (b and c) Differentiated single
or multiple shoot primordia, respectively; (d and e) Shoots with
normally expanded leaves; (f) Rooting of regenerated shoots in
1/4 MS medium with 0.2 mg/L IBA after culture for 4 weeks;
(g) A regenerated plant transferred to pot after 3 months. Bar =
1 mm (a-d), 1 cm (e-f), 5 cm (g)

S 7t A, A o et At Aol & YEhd T
2 AR NA AR T2 9] o] AHA = RE A2 A
o] 2= w2 o] makE 2 LSulj ] of H] 8l Noujj 2] 7} &3}
2 0] Q) th(Tables 1, 2, 3, Fig. 1). 0]= N6 2] &] o A 4 =
T, A seo] et autd Bukopyeh, A4 Henk 7
ot A E T A4 9] H-E(NOsNH =4:1)0] Ao FgF-S
Frh= B 119} A X 5H= A o] th(Yepes and Aldwinckle 1994).
Z 2o w2 u-2-S 1 Mclntosh, Akers, McIntosh Wijcik,
Gravenstein, M262] A A ofl N6} 2] 7} MSH] ] o] 1] 3} & 1}
o]gtal B 11 & Q) tH(Welander 1988). E3, ALT} 87f 22
/S 2 N6, MS, 12MS, LSHj 2] of] wh2 2| AY H] aLof] glo]
A] == Empire, Freedom, Liberty, M26, M7A, Mutsu®2] A1 = A A}
o N6uj 2| 7} th2 v 2 o ] &l Fogh wh-3 et L,
Golden Delicious¥to] MSE| x| 7} &3} og} B x| 9ch
(Yepes and Aldwinckle 1994).

AEAG A = Az Aol D44 aQlo =, Al
o] o AHAZHE A% AAoll= =2 cytokinind} H-2
auxin®] H]&-0] A& A gtctar B 1% ¢ th(Predieri and
Fasolo 1989). AF}9] 412 2| A of| A 7174 o] ARE-E]<= cytokinin
2 BA, auxin- NAA | th(Magyar-Tabori et al. 2010). A}3} <%

Dﬁ,_l

Ae) o AAAE ARE ALET B AFOIAE A A4
o] = BA 5.0 mg/L2} NAA 0.1 mg/LE A 713t A 27} 714 &
T} 0] 1 t}. Liberty, Malling 7A, Malling 26, McIntoshS- A}-8-
g Ao A = ZE F = BAS.Omg/Lol| A 7HE =& Al 2
A &L B 053 th(Yepes and Aldwinckle 1994).

2| 5of AR Alx Aol A QI cytokininF =
TDZ7} B 11 %] 31 Q) th(Carl and Preece 1993; Li et al. 2014). BA
Hoh 108 o] E4& 28 TDZ&= Ao} Al 2 A A ol Al e 1
Bp7F O EIL Qo BAR T Al % Aol B AikA 2l
26 2 YEelytt(Lietal. 2014; Mitié et al. 2012). L2, &2 A
HollAl= TDZ A 277k BA A 2|+t vl A= &/4deo]
wrop o] 1e] ® el the Azhe el gz, ol
sk Y s2mel Zjolo] 7]elE Ao e malt,

Apzhe] RAYol) %2 AHEE|S auxin® NAAO| B, 02~ 03
mg/Le] Y& ew 7} AFRE 1 Q) rhWelander 1988; Welander
and Maheswaran 1992). Welander 2} Maheswaran (1992)-2 A} 17}
O] A1z Aol glof BARTENAAZF S J3& =3leH,
NAAY] F=7h A2 P&l dFe TR B = 4
Z Fole FFE FA G Ao E HsGirh B3 Lis
(2014)2 At} < 2]° o] 2 A of| A TDZ 2~3 mg/LE T=2 2
AHERE A F-E o IBA 0.5~ 1.0 mg/Lot 23F5ko] AR
= A Az el S7HRIT AL BAlstgith o= 2 A
3 o] A BA 5.0 mg/Loj NAA 0.1 mg/LE 235t 4 2]+7}1 0.3
mg/L 9k A 2] o Blsf] A uA o] QI H A xt AR Aol
o} ZLejuh, TDZ O] 23 A 2ol Qloj A= A2 7He] #-9]
g0l QNG = A gkt o] = Aol 7F LpEL 7] of = A RHA 2l
Az gAdgol B7) tfiE el AL 2 etk o] 3% TDZ 2| 4
T ST F7HA HEo] o] FojHop T Ao 2 KAl
ST Y TR T e TR AlE oA Al A
L ZA T A A 2 el g/ of ol A o] H AL RS
ST AT Frh P REY HE AR A
26 2 sucrose S ARE-51aL ) AW AR Karhu 1997), vl (Kadota
and Niimi 2004) 2} AFE(Marino et al. 1991)2] 73 20| = sorbitol
o] AT Ao Wk Aot} AT A8
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