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Tissue culture and induction of adventitious shoot regeneration from leaf

explants of cold-hardy dwarfing apple rootstock ‘BP-176’

SUN Qingrong, GUAN Qiuzhu, WANG Haibo, LI Linguang, TAO Jihan, SUN Hongyan
(Shandong Institute of Pomology, Tai”an 271000, Shandong, China)

Abstract: [Objective] Rootstocks play an important role in determining apple tree performance in the
field. In practice, some clonal rootstocks with excellent horticultural trait are difficult to propagate with
conventional methods. Tissue culture can be used for rapidly propagating new rootstocks realeased
from breeding programs. Establishment of an efficient adventitious shoot regeneration protocol is an im-
portant prerequisite for genetic manipulation. The purposes of this study are to establish tissue culture
and rapid micropropagation technological system and to establish an efficient shoot regeneration proto-
col from leaf explants of apple dwarfing rootstock ‘BP-176". [Methods]Semi-lignified shoots were se-
lected as materials and single bud stem sectionswere used as explants. Stem section explants were first
surface-disinfected by 70% ethanol for 1 min, followed by sterilization with sodium hypochloride con-
taining 5% active chloride for 8 min. Then the stem section explants were rinsed five-times in sterile dis-
tilled water. Stem section explants were then inoculated into culture tubes (25 mm x 150 mm, one ex-
plant per tube) containing 20 mL axillary bud initiation medium of half- strength MS macroelements
supplemented with 1.0 mg-L*6-benzylaminopurine (BA), 0.2 mg-L™ indole-3-butyric acid (IBA), 30g-L*
sucrose, and solidified with 6 g- L™ agar. Stem sections were cultured for 4 weeks under photoperiod of
16 h light and 8 h dark before the axillary buds began to germinate, grow and develop into new aseptic
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shoots. In vitro shoots were obtained from the resultant aseptic shoot cultures. In vitro shoots were used
for further shoot proliferation, shoot regeneration and rooting. For micropropagation. Te effects of basal
medium composition and plant growth regulators on proliferation and rooting of in vitro shoots were in-
vestigated. For adventitious shoots induction, in vitro leaves were selected as explants, the effects of
kinds and concentrations of cytokinin and carbon sources on shoot regeneration were examined. [Re-
sults] The germination rate of axillary buds was above 85%. When BA at lower concentration of 0.5
mg - L™, proliferation and elongation of in vitro shoots were not well. When BA at higher concentration
of 1.0 mg- L™, proliferation and elongation were significantly improved. MS and QL basal media did nt
make any differences in proliferation when BA was used at 1.0 mg - L *,although They did make
obivous diffences in growth behavior .The color of the shoots was red the same as in the field when
they wer cultured on QL, while it was green when they were cultured on MS. Both cytokinin and car-
bon source influenced shoot regeneration. From leaf explants When BA was used, the sucrose was more
effective than the D-sorbitol, especially when BA was at a higher concentration of 3 mg-L"or 4 mg-L",
shoot regeneration rate was significantly higher on the sucrose than that on the D-sorbitol. When TDZ
was used, the D-sorbitol was more effective than the sucrose when TDZ was at 0.5 and 0.8 mg- L™, but
when TDZ was at a lower concentration of 0.3 mg - L™, shoot regeneration rate was higher on the su-
crose than that on the D-sorbitol. The kinds of cytokinin influenced adventitious buds growth behavior.
Adventitious buds induced with TDZ were unable to elongate and develop into shoots on regeneration
medium, it was necessary to transfer the buds to elongation medium without TDZ to form shoots. Ad-
ventitious buds induced by BA could directly elongate to form shoots on regeneration medium without
transfer. For rooting induction, basal medium1/2MS was more effective than 1/4MS, rooting rate was
improved by IBA than by NAA. But rooting rate didn’t show significant difference when the shoots
were cultured on 1/2MS with 0.3 mg- L*NAA or 0.5 mg- L* NAA and 1/4MS with any auxin or any
concentration. Root number was higher when the shoots were cultured on 1/2MS with IBA than that on
NAA , but it was higher when the shoots were cultured on 1/4MS with NAA than that on IBA. [Conclu-
sion]The proper proliferation medium of the shoots of apple rootstock ‘BP-176" was QL supplemented
with 1.0 mg-L* BAand 0.1 mg- L™ IBA. The optimal shoot regeneration medium was NM supplement-
ed with 3 mg-L* BA, 0.3 mg-L*IBA and 30 g- L sucrose, regeneration rate was 71.6%. The optimal
rooting medium was 1/2MS supplemented with 0.3 mg-L* IBA and 20 g- L™sucrose, the highest rooting
rate was 69.8%. The composition of basal medium influenced in vitro shoots growth behavior and the
cytokinin and carbon source had a synergic effect on shoot regeneration.

Key words: Apple rootstock ‘BP-176"; In vitro proliferation; In vitro rooting; Leaf explants; Shoot re-
generation
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C~D. XA, C. MS+0.5mg-L* BA+ 0.1 mg-L* IBA;D. MS +
1.0mg-L*BA+0.1mg-L*IBA;E.QL+1.0mg-L*BA+0.1mg-L"*
IBA.

A. Axillary bud germination after culturing 2 weeks; B. Bud elonga-
tion to form shoots after culturing 4 weeks; C-D. In vitro proliferation,
C.MS+05mg-L*BA+0.1mg-L*IBA;D. MS+1.0mg-L*BA +
0.1mg-L*IBA;E.QL+1.0mg-L*BA+0.1mg-L" IBA.

1 ERMABP-176 EHEL 5185
Fig. 1 Establishment and proliferation of in vitro shoots of
apple rootstock ‘BP-176"
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Table 1 The effect of medium composition on in vitro subculture of apple rootstock ‘BP-176’

Rk H5H A AR
Media Proliferation times Growth behaviour
MS +0.5mg-L*BA+0.1mg-L* IBA 22+08b T4k, AT

Green shoots, shoots were shorter, elongation growth was poorer
MS +1.0mg-L* BA+ 0.1 mg-L*IBA 45+09a Tk, W A K

Green shoots, shoots were longer, elongation growth was better
QL+1.0mg-L*BA+0.1mg-L*IBA 47+08a THEL, T o AR AR KA

Red shoots, shoots were longer, elongation growth was good

A F A AR RN ZE R B (p< 0.5). A AEH N 30 g- L™ AEHE.

Note: Different lowercase letters in the same column refer to significant difference(p < 0.5). All media containing 30 g- L™ sucrose.
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Table 2 The effect of carbon source and kinds and concentrations of cytokinin on shoot regeneration from leaf explants

JEHE Sucrose 30 g-L*

D-1l1%4f% D-sorbitol 30 g-L*

IS .

Cytokinin pltmg-L*) ANTER A B B AN E R ANER A FLLI R AN E A AL
Regeneration rate/% Shoot No. per leaf Regeneration rate/% Shoot No. per leaf

TDZ 0.3 44 4%7 3 bA 2.9+0.8 bc 28.5£10.6 cA 2.8+0.3 be

TDZ 0.5 41.6212.3 bA 3.7+0.4 ab 56.9+£7.5 aA 41+04 a

TDZ 0.8 42.0£12.4 bA 48+05a 45.5+5.7 abA 41+05a

BA 2.0 45.3+5.2 bA 1.9+0.3¢ 37.3+£14.6 bcA 1.8+0.3d

BA 3.0 71.6%4.2 aA 2.5+0.4 be 44.245.1 abB 3.6+0.3ab

BA 4.0 65.8+5.9 aA 3.4+0.6 ab 35.246.8 bcB 2.0£0.3 cd

< [ =2 R AN AR - BERR R A BRI 72 57 25 (p < 0.5) 5 [Al— AT HF (KRS AN Al P BER R AN Rl B 2 TR 22 5 5 (p < 0.5) .

Note: Different lowercase letters in the same column refer to significant difference (p < 0.5). Different uppercase letters in the same line refer to

significant difference among different carbon sources(p < 0.5).

FERE I 2 L B, P I AN E R B R L TDZ =
BA, (H 7= A B g AN 78 RS AL BA R P A= B v A 78 A
HMTDZ 2 M ERAREGE.
232 HRAPEMNTRAFH AN R LA R
K ATDZI, BARMKEZ 0.3 mg- L B FAEREI
N RE M T L AL T R 2 0.5 mg - LA 0.8
mg - Lt B AR R U R B L B v TR (R
2). {HTDZ AT — IR, 2 Pl I 1 (0 F AL SR
Ak B2 7 BEKE

MY 5r ZE 2N BAR , BATEAT — IR JE, # 3R
I RE B Lo L A B A R T A B R AR R (R
2). M BAEREWE 3 mg- L A4 mg- LA, AEkE
B ST ALEE, (B2 BAERRIRE 2 mg - LA,
FENEFN L B 2 F) 22 S AN 3 o R W BRVE NS AN 2 A
2B TR 5200 52 240 L 4 5 2 P RN BE TR 52 ), B iR
R 5 4 R 0 BP-176" I Fr AN E S 5 5 B
P IF R

AL BT, i S ‘BP-176" AN iE B
AL Y 5 343 BA LL TDZ A 20 BRUEEHE LE 1L L
B BOEE A E W AR TR ANM + 3 mg- L
BA+03mg-L*IBA+30qg- L EEHRE, fAfR)y
71.6%
233 mie sy EE Fe s B3t N A A KRR
o IR TDZ i 3 AR R A KA KA
JE 5 (B 2-A~B) , EAE A E TR KA KT AN E R
TR NI TDZ 1 N BA F 4k 4% 38 5 8% 77 3 B
CERHEAFIH) . BAFE S A RIAE S, A
BB S TR IR BT KA K TR AR
ANEAE (B 2-C~F),

BRIE N ERE I, AN E AR &R 2 TDZ ik =&

A.0.3mg-L*"TDZ + 30 g-L"JiE##; B.0.3mg-L*TDZ+30g-L" D-
A4EE; C.2mg-L'BA+30g-L* fiEHE; D.3mg-L"BA+30g-L"Ji
B, E.2mg-L'BA+30g-L" D-tLA4[E; F.3mg-L'BA+30g-L"D-
[IEY N

A.0.3mg-L*TDZ + 30 g-L"sucrose; B. 0.3 mg-L*TDZ +30g-L"
D-sorbitol; C. 2 mg-L*BA+ 30 g-L*sucrose; D. 3mg-L'BA+30g-L"*
sucrose; E. 2 mg - L'BA + 30 g - L™ D-sorbitol; F. 3 mg- L'BA + 30
g-L* D-sorbitol.

2 FERMABP-176 BAM A A EHBE
Fig. 2 Adventitious shoot regeneration from leaf explants of
apple rootstock ‘BP-176"
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Table 3 The effect of different medium on in vitro rooting

of apple rootstock ‘BP-176’

FAEFIE p(BAY/  p(NAAY/  EIRZE A AR%L
Basal media (mg-L*) (mg-L") Rooting rate/% Root No.
1/2Ms 0.3 0 69.8£5.0a 3.6:0.2ab
1/2Ms 0.5 0 57.9:3.0a 3.9:05a
1/2Ms 0 03 27.1:8.3b 2.5:0.6 b
1/2Ms 0 05 18.0£55b 3.30.7ab
1/4MS 0.3 0 168+33b  2.8+0.4ab
1/4Ms 05 0 235+6.1b  2602b
1/4MS 0 03 206+13b  3.5:0.3ab
1/4MS 0 05 17.5+41b  38t0.4ab

R A A E TR R ZE R B (p< 0.5). i A HAS
fn 20 g- L HERE

Note: Different lowercase letters in the same column refer to sig-
nificant difference (p < 0.5).All treatments containing 20 g - L'* su-
crose.

242 EHREEmITARAE K Rm  ERRAR TR
1/2MS |, A=K & NAA Lt IBA ¥ 5 i 5 7= A dn s
(K 3-A~D) , R A & 754 F 4 i (0.5 mg - L™ [

A.1/2MS + 0.3 mg-L*IBA; B. 1/2MS + 0.3 mg-L*NAA; C. 1/2MS
+ 05 mg-L*"IBA; D. 1/2MS + 0.5 mg - L' NAA; E. 1/4 MS + 0.3
mg-L*NAA; F. 1/4MS + 0.5 mg-L*NAA.

3 ERWEABP-176 X EEHER
Fig. 3 In vitro rooting of apple rootstock ‘BP-176"
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