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In order to establish efficient regeneration system for ornamental tissue culture, we used Malus spp.
‘Indian Magic as the experimental materials and investigated the effects of disinfection and antibrowning agents, culture mediums and hormones proportion on differentiation, multiplication, callus
induction and rooting, and also the effects of culture substrates on growth of transplants in
greenhouse. The results showed that, the selection of stem tips without scale as the tissue culture
material and the employment of HgCl2 5+3 min two-step method for stem tip disinfection could reduce
contamination rate and the addition of 2.0 g/l PVP (polyvinylpyrrolidone) could effectively prevent the
browning of culture medium and explants. When the three kinds of culture medium were fixed
[Murshige and Skoog (MS) containing 1.0 mg/l 6-BA (6-benzyladenine) plus 0.01 mg/l NAA (anaphthaleneacetic acid), MS containing mg/l 6-BA plus 0.2 mg/l NAA and 1/2 MS containing 0.2 mg/l
NAA] on inducing differentiation, multiplication and rooting, the differentiation rate, multiplication
coefficient and rooting rate increased to 81.2, 6.13 and 100%, respectively. At the same time, leaves
callus induction rate reached 100% on the medium of MS containing 1.5 mg/l 6-BA plus 1.0 mg/l 2,4D(2,4-dichlorophexoxyace-tic acid) and adventitious shoots were directly regenerated from leaves on
MS containing 1 mg/l 6-BA plus 0.1 mg/l NAA. The survival rate of the transplants was up to 95% and
seedlings grew well after the transplant to the substrates containing vermiculite and perlite (1:1) in the
greenhouse under relative humidity of 80 to 85%, temperature of 25 ± 2°C, light intensity of 1500 to
2000Lx and mist spraying condition. Based on the stated, we determined a technical framework of the
leaves callus induction and regeneration for crabapple tissue culture, in which both the types and
concentrations of hormones added in the medium played most important roles.
Key words: Malus spp., regeneration, callus induction, propagation, hormones.
INTRODUCTION
As one of Rosaceae Malus plants, crabapple has extraordinarily ornamental value and is often selected and

*Corresponding author. E-mail: yaoyc_20@bac.edu.cn.
Abbreviations: MS, Murashige and Skoog medium; 6-BA, 6benzylaminopurine; NAA, a-naphthaleneacetic acid; IBA,
indole-3-butyric acid;
TDZ,
thidiazuron;
2,4-D,
2,4dichlorophexoxyace-tic acid; PVP, polyvinylpyrrolidone.

used in the forestation and beautification such as
courtyard, pavement and greenbelt due to its amicable
shape of tree canopy, long flowering period, bright and
diverse color of flowers, fruits and leaves, strong
resistance and so on. Recently, more and more concerns
have been shown on how to overcome the problems of
low multiplication coefficient and seedling production
caused by traditional breeding methods. As a result, with
the development of tissue culture technology, researches
on rapid propagation technology of perennial fruit trees
go in depth; efficient regeneration and genetic
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transformation system are improved gradually and the
degree of marketing for tissue culture seedlings
increases step by step. Meanwhile, the research of Malus
plants tissue culture is developing rapidly.
By now, many researchers have carried out a lot of
useful discussions in selecting various materials (tissues
and organs) of different varieties, screening culture
medium, setting culture conditions and exercising
seedlings outdoor. Zhang showed that, multiplication
coefficient reached up to 7 on the medium of MS
containing 0.7 mg/l 6-BA plus 0.3 mg/l NAA and rooting
rate was up to 95% on the medium of ½ MS containing
0.3 mg/l IBA(Indole-3-butyricacid) for Malus halliana
(Zhang et al., 2007). In terms of leaves callus induction, it
was found that the leaves of Malus prunifolia started
generating callus after 14 days in darkness and callus
induction rate reached 100% after 30 days on MS
containing 5 mg/l 6-BA plus 0.1 mg/l 2,4-D (Zhang et al.,
1992). Liu used Malus domestica ‘Starkrimson’ as the
material to establish a high efficient regeneration system
and found that, the optimal explants for regeneration was
leaf given the optimal culture medium of MS containing
1.0 mg/l TDZ (thidiazuron) plus 0.3 mg/l NAA (Liu et al.,
2007). However, it should be noted that due to
differences in cultivars and plant materials, technology
steps such as preventing the explants contamination,
selecting culture medium, regulating hormone proportion
and exercising seedlings outdoor have been the
difficulties in the establishment of regeneration system for
Malus plant, especially for crabapple.
It is well known that successful transformation of woody
fruit trees relies on a good regeneration system, but an
efficient regeneration system has not been previously
reported for Malus ‘Indian magic’. Therefore, in this study
we used Malus ‘Indian magic’ as the material and set up
series of treatments on anti-polluting, anti-browning,
culture medium types, hormone proportions and cultured
substrates for transplants. Through the treatments, we
tried to promote callus induction, increase seedling propagation coefficient and improve their growth status, so
as to establish a higher efficient system of tissue culture
regeneration and propagation for crabapple.
MATERIALS AND METHODS
Plant materials
The experimental materials were from one-year-old branches of
Malus ‘Indian magic’ plants at the age of six, growing vigorously
with no pest or disease damage, from Crabapple Germplasm
Resources Garden of Beijing University of Agriculture, Changping
District in Beijing.

Treatments design and test methods
Materials pretreatment
One-year-old branches were taken to the laboratory in spring

before germination. The base of the branches were immersed in
water of 20 to 25°C until the axillary buds germinated, then the
branches were cut into 2 to 3 cm stem segments with single-bud.
These stem segments and stem tip sections were rinsed with tap
water for 2 h, soaked with 75% alcoholic solution for 30 s, washed
with sterile water for 3 times, disinfected with 0.15% HgCl2 for 8
min, and flushed with sterile water for 3 times in sequence. We took
them on the ultraclean table and peeled scales at growing points.
Then, 2.0 to 3.0 mm long stem tips and stem segments were
separately inoculated on culture mediums with sucrose concentration of 30 g L-1, agar concentration of 6.0 g L-1 and cultured
temperature of 24 to 26°C, light intensity of 1500 to 2000Lx and 12
to 16 h light a day.

Explants disinfection and anti-browning treatments
Screening of explants types: Stem sections and stem tips from
Malus crabapple ‘Indian magic’ were inoculated into the culture
medium of MS containing 0.5 mg·L-1 6-BA plus 0.05 mg·L-1 NAA.
The germination rate of explants was investigated, respectively.
Disinfection of stem tips and test of contamination rate: Three
different disinfection patterns of using HgCl2 were set: (1) T8,
disinfection of stem tips with scale for 8 min; (2) T4+4, disinfection
of stem tips with scale for 4 min, and then disinfection without scale
for another 4 min and (3) T5+3, disinfection of stem tips with scale
for 5 min, and then disinfection without scale for another 3 min. The
contamination rate of inoculated stem tissues was tested after 10
days. Germination index was indicated as follows: no stem tips
germinated was marked with “0”, 30% was marked with “1”, 50%
was marked with “2” and 70% was marked with “3”.
As for the anti-browning treatments of stem tips and test of
browning rate, 4 treatments were set: addition of 0, 0.5, 1.0, 1.5, 2.0
g/l PVP to the culture medium of MS containing 6-BA 0.5 mg L-1
plus NAA 0.05 mg L-1, respectively (Zhou et al., 2000); the browning
rate of the inoculated stem tissues was tested after 10 days.

Selection of culture medium and hormones treatments
Screening of culture medium for differentiation: MS, 1/2MS, ¼ MS
(containing 1.0 mg/l 6-BA and 0.02 mg/l NAA) mediums for stem
tips tissue culture were set and the germination rate of stem tips
was investigated after 30 days.
Hormones treatments: In MS medium, 3 concentrations of different
hormones were added as treatments: (1) 0.5 mg/l 6-BA and 0.01
mg/l NAA; (2) 1.0 mg/l 6-BA and 0.01 mg/l NAA; (3) 1.0 mg/l 6-BA
and 0.02 mg/l NAA. The germination rate after 30 days and the
differentiation rate of stem tips after 50 days were investigated,
respectively. Differentiation grades were defined as follows; when
explants differentiated and grew well, 2 points were given as the
first grade; when explants tended to differentiate and grew slowly, 1
point was given as the second grade; when explants tended to die
or had died, 0 point was given as the third grade. Differentiation
index equals ∑ (point of each grade × number of each grade) /
(point of first grade × total number).
Screening of culture medium for multiplication: Five treatments
were set (Table 1) and the growth status of the cultured seedlings
was observed after 30 days.
Screening of the culture medium for rooting: Six treatments were
set (Table 2) and the growth status of the cultured seedlings was
observed after 20 days. Nine treatments for callus induction were
set as Table 3. The leaves explants from the cultured seedlings
were cultured in darkness for 10 days and with light for 20 days on
these mediums. Leaves callus induction frequency was investigated
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Table 1. Treatments for multiplication.

Treatment
MBN1
MBN2
MTN3
MTN4
MTN5

6-BA (mg/l)
0.5
1.0

TDZ (mg/l)

0.01
0.05
0.1

NAA (mg/l)
0.2
0.2
0.2
0.2
0.2

Table 2. Treatments for rooting.

Treatment
Tr1
Tr2
Tr3
Tr4
Tr5
Tr6

Basic medium
MS
MS
1/2 MS
1/2 MS
1/2 MS
1/2 MS

6-BA (mg/l)

NAA (mg/l)

0.5

0.1

IBA (mg/l)

0.2
0.5
0.5

Table 3. Treatments for callus induction.

Treatment
T1
T2
T3
T4
T5
T6
T7
T8
T9

6-BA (mg/l)
1
1
1.5
1
1.5
0.5
1.5
0.5
1

NAA (mg/l)

2,4-D (mg/l)
0.5
1

0.1
0.1
0.1
0.2
0.2
0.2

0.5
1
0.5
1

by the number of leaves emerging callus/number of total leaves.

RESULTS

Screening of substrates for transplants

Contamination and browning condition of cultured
stem tips from Malus ‘Indian magic’ under different
treatments

When the tissue culture seedlings grew up to 5 to 6 cm high and
roots elongated to 3 to 5 cm; we set (1) vermiculite + peat + sand
(1:1:1) and (2) vermiculite + perlite (1:1) as the treatments, opened
the caps of culture flasks, used warm water to wash the seedlings
after 3 days, then transplanted the seedlings into sterile nutritional
bowls of two treatments watered sufficiently. At the relative humidity
of 80 to 85%, temperature of 25 ± 2°C and light intensity of 1500 to
2000 Lx, the potted seedlings were placed in greenhouse and were
covered by polyethylene film with mist spray once a day (Wei et al.,
2004). Investigation of survival rate and growth status of the
transplanted seedlings was conducted after 20 days.

Data analysis
The experiment was designed as a randomized block with three
replications. The samples of each treatment were 30. Data statistics
were done by Excel and SPPS 12.0 version.

Contamination and germination rate of different
explants
As for the tissue culture, it was most important to choose
suitable tissues for the germination, differentiation and
multiplication of explants. Usually, contamination and
germination rate of different explants are different, even
in the same variety and species. It can be seen from
Table 4 that, when the stem tips and stem segments of
Malus 'Indian magic' were used as explants cultured in
MS containing 0.5 mg/l 6-BA plus 0.05 mg/l NAA, the
contamination rate of stem tips culture was significantly
lower than that of the stem segments culture and the
germination rate of cultured stem tips was significantly
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Table 4. Contamination rate and germination rate of different kinds of explants.

Explant
stem segments
stem tips

Contamination rate (%)
97.00Aa
40.00Bb

Germination rate (%)
0Bb
33.33Aa

Capital and case letters indicate significance at p< 0.01 and p< 0.05 by Duncan’s significant test.

Table 5. Effect of different time of HgCl2 disinfection on the contamination rate of cultured stem tips.

HgCl2 treatment
T8
T4+4
T5+3

Contamination rate
43.3 Aa
Bb
33.3
Cc
21.7

Contamination of medium
++
+
+

1

Germination index of stem tip
0
2
3

1

contaminated surface was less than half of the medium surface marks +, and contaminated surface was more than half of the medium
surface marks ++. Capital and case letters indicate significance at p< 0.01 and p< 0.05 by Duncan’s significant test.

Table 6. Browning rate of the cultured stem tips from Malus ‘Indian magic’ by treating with different PVP concentrations.

PVP concentration (g/l)
0
0.5
1.0
2.0

Browning rate (%)
100.0Aa
73.3Bb
53.3Cc
16.7Dd

Medium browning1
××
××
×
×

Germination index of stem tip
0
1
2
3

1

Browning area was less than half of the medium surface marks “×” and browning area was more than half of the medium surface marks
“××”.Capital and case letters indicate significance at p< 0.01 and p< 0.05 by Duncan’s significant test.

higher than that of the stem segments.
Contamination rate and growth status of stem tips
under treatments of HgCl2
Disinfection with HgCl2 is a common method and an
important step in tissue culture. Table 5 shows that, there
were significant differences for the contamination rate of
stem tips among the different disinfection treatments of
HgCl2. In T5+3 treatment, the stem tips had the lowest
contamination rate and most stem tips germinated with
lightly polluted culture medium. In T4+4 treatment, half of
the cultured stem tips germinated with light pollution of
the culture medium. In T8 treatment, contamination rate
of the cultured stem tips was the highest, reaching
43.3%, with severe pollution of culture medium.

explants browning rate reached 100% in culture mediums
without PVP (Table 6). When PVP concentration
increased, the browning rate of the stem tips and
browning area presented in the culture medium
decreased and at the same time, germination index of
explants increased. When 2.0 g/l PVP was added to the
culture mediums, the browning rate of the stem tips was
brought down to 16.7%, and the browning area presented
in the culture medium shrunk; less than half of the
medium surface. Consequently, most of the stem tips
germinated and grew better.
Effects of different types of culture mediums as well
as
hormone
concentrations on
stem
tips
differentiation, multiplication and rooting from Malus
'Indian magic'

different

Effects of both culture medium types and hormone
concentrations on differentiation of stem tips

During culturing of Malus crabapple, when stem tips were
incised, browning often occurred, resulting in decreased
survival rate of the explants. To restrain browning,
different concentrations of PVP, an anti-browning agent
was added in the culture mediums. Results showed that,

The types of culture medium and hormone concentrations play key roles in the differentiation, proliferation and
rooting of explants. For different varieties and even
tissues and organs of plants, there are suitable culture
medium and hormone concentrations for explants
(Thorpe, 1983; Yeh-Jin et al., 2007; Casanova et al.,2008;

Browning rate of stem tips
concentrations of PVP treatments

by
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Table 7. Effect of both culture medium types and hormone concentrations on germination and differentiation of stem tips.

Treatment
MS

1/2MS
1/4MS

Hormone concentration
(mg/l)
6-BA
NAA
0.5
0.01
1.0
0.01
1.0
0.02
1.0
1.0

0.02
0.02

Germination rate
after 30 days (%)

Differentiation
rate after 50
days (%)

80.00Aa
80.00Aa
Aa
78.40

0Cc
81.20Aa
Bb
66.70

-

-

Bud number of different
grade
First
Second
Third
0
0
0
0
0
0
7
9
2
3
1

6
5

5
10

Differentiatio
n index (%)
Aa
63.89
Bb

42.86
Cc
21.88

Capital and case letters indicate significance at p< 0.01 and p< 0.05 by Duncan’s significant test.

Table 8. Effect of different culture mediums on multiplication of cultured explants.

Index
MC
GS

MBN1
3.37dD
Robust tender green

MBN2
6.13bB
Very robust green

MTN 3
4.60cC
Robust tender green

MTN 4
6.37aA
Not robust part vitrification

MTN 5
1.10eE
Weak all vitrification

MC, Multiplication coefficient; GS, growth status of tissue cultured seedlings. Capital and case letters indicate significance at p< 0.01 and p< 0.05 by
Duncan’s significant test.

Figure 1. Growth status of the tissue cultured seedlings by different treatments. MBN1, MBN2, MTN3, MTN4 and MTN5
are same as Table 8.

Kakani et al., 2009). In order to screen suitable
differentiation medium for stem tips from Malus 'Indian
magic' plant, stem tips were inoculated on MS, ½ MS, ¼
MS medium containing 1.0 mg/l 6-BA, 0.02 mg/l NAA and
2.0 g/l PVP. It was found that, the differentiation index of
stem tips among the three kinds of medium varied
significantly. The differentiation index on the MS medium
was the highest, reaching 63.89%; in comparison, the
differentiation index of the other two kinds of culture
medium were relatively low (Table 7).
Furthermore, after adding different hormone concentrations to the MS medium to investigate the effects on
germination and differentiation of explants, we found no
significant differences in the germination rates of the
explants after 30 days, while the differentiation rates of
the three treatments after 50 days showed significant
differences among the different treatments of hormone
concentrations. As shown in Table 4, the differentiation
rate of explants on MS containing 0.5 mg/l 6-BA plus 0.01
mg/l NAA was almost 0, whereas, that on MS containing

1.0 mg/l 6-BA +0.01 mg/l NAA reached up to 81.2%.
Effects of hormone kinds and concentrations on
multiplication of explants
In order to screen suitable medium for multiplication of
explants from Malus ‘Indian magic’, we transferred the
vigorous shoots from the differentiation medium to the
multiplication medium with five treatments of different
hormone kinds and concentrations. As shown in Table 8,
with the increasing concentration of 6-BA in the mediums,
the multiplication coefficient increased and with the
increasing concentration of TDZ in the medium, the
multiplication coefficient firstly increased and then
decreased and seedlings were in poor growth status and
tended to vitrify. The multiplication coefficient of the
treatment of MBN2 was 6.13 and seedlings grew robustly
(Figure 1); therefore, it was considered to be a suitable
medium for multiplication of explants from Malus 'Indian
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Table 9. Effects of different culture mediums and hormone concentrations on the rooting rate and root growth of cultured seedlings.

Treatment
Tr1
Tr2
Tr3
Tr4
Tr5
Tr6

Rooting rate (%)
95 Bb
Dd
76
Cc
90
Aa
100
Ee
67
100 Aa

Average root number
11
8
9
14
6
19

Average root length (cm)
5.8
2.3
1.8
4.2
1.7
3.7

Growth status of root
Thick, long
Thin, short ,callus in stem
Thick ,short, callus in stem
Thick, long
Short, callus in root
Small callus in stem

Figure 2. Root growth of seedlings cultured by different treatments.Tr1, Tr2, Tr3, Tr4, Tr5 and Tr6 are same as Table 9.

magic' plants.
Effects of different culture medium and hormone
concentrations on the rooting rate and root growth
for seedlings of Malus ‘Indian magic’
After multiplication culture, the vigorous seedlings were
transferred to different rooting mediums. We used six
mediums with different medium types and hormone
concentrations and investigated the rooting rate and root
growth status to screen suitable rooting medium (Table 9;
Figure 2). Results showed that, the rooting rate of Tr4
and Tr6 were up to 100% with long, large number of roots
and only a small amount of callus in stem in T6, which
was significantly higher than that in other treatments. The
rooting rate of Tr2 and Tr5 were lower than that of others,
with small number of short roots and also callus in stems
and roots, respectively. The rooting rate of Tr3 was 90%,
with short and thick roots and callus in the stems. The
rooting rate of Tr1 was 95%, with thick roots. Thus, we
concluded that Tr4 might be a suitable rooting medium
for Malus 'Indian magic', Tr5 was good for induction of
callus in root and Tr2 and Tr3 were suitable to induce
callus in stem.
Effects
of
different
hormone
kinds
concentrations on leaf callus induction
regeneration of Malus ‘Indian magic’

and
and

In this study, we set nine treatments of different hormone

kinds and concentrations for leaf callus induction of
Malus ‘Indian magic’ (Table 10). It was proved that, callus
induction rate in T3 treatment was up to 100% and callus
bulk was relatively large (Figure 3b); the callus induction
rate in T2, T6 and T8 treatments were more than 90%;
and in T4 and T7 treatments containing NAA but no 2,4D, callus induction rates were about 50%. It was
indicated that, effect of 2,4-D on callus induction was
significantly greater than that of NAA. In addition, we
found adventitious bud emerging on leaves in T4 (Figure
3a). It was suggested that, leaves of Malus ‘Indian magic’
could directly regenerate in T4 treatment though the
regenerate rate was 33%.
Survival rate of transplanted tissue culture seedlings
of Malus 'Indian magic' in different culture substrates
The high survival rate of the transplanted tissue culture
seedlings is the key to getting plantlets. To ensure
successful transplantation, vigorous seedlings with roots
and without roots were transferred to the pots with two
kinds of culture substrates, one containing vermiculite
plus grass peat plus sand (1:1:1) and another containing
vermiculite plus perlite (1:1). It can be seen from Table 11
that, the survival rate of seedlings growing on vermiculite
plus perlite was higher; the survival rate of seedlings with
roots was up to 95% with better growth status (Figure 3c)
and the survival rate of those without roots was 70%. The
survival rate of seedlings growing on vermiculite plus
peat plus sand was low; the survival rate of seedlings
with roots was 30%, while the survival rate of those
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Table 10. Effect of different hormone concentrations on leaf callus induction of Malus ‘Indian magic’.

Treatment
T1
T2
T3
T4
T5
T6
T7
T8
T9

Callus (%)
0 De
97.03 ABab
Aa
100
Cd
53.74
ABbc
83.10
90.10 ABbc
48.51Cd
ABabc
90.02
Bc
81.43

Color
No
White,
White,
White,
White,
White,
White,
White,
White,

1

pale yellow
pale yellow
pale green
pale yellow
pale yellow
pale green
pale yellow
pale yellow

Zize
No
Middle
Big
Small
Middle
Big
Small
Big
Middle

2

2

Note: 1, Small” means callus area of one leaf is less than 0.5 cm , middle” means callus area of one leaf is between 0.5 and 1 cm , big”
2
means callus area of one leaf is more than 1 cm . Capital and case letters indicate significance at p< 0.01 and p< 0.05 by Duncan’s
significant test.

Figure 3. Propagation system for ornamental crabapple (Malus spp.). A, Adventitious bud induction directly from leaf; B,
leaf callus; C, seedlings growth on substrate containing vermiculite and perlite (1:1).

Table 11. The survival rate and growth status of the cultured Malus ‘Indian magic’ seedlings after transplant.

Treatment
vermiculite + grass peat +
sand (1:1:1)

vermiculite+ perlite (1:1)

Type of tissue culture seedling
Seedling with roots
Seedling without roots
Seedling with roots
Seedling without roots

without roots was only 10%.
DISCUSSION
Factors influence the establishment of regeneration
system for crabapple
The establishment of plant regeneration system is an
important basis for optimizing the preservation of

Survival rate (%)
30 Cc
10 Dd
95 Aa
70 Bb

Growth status of seedling
weak
weak
robust, fast growing
weak, slow growing

germplasm resources, rapid breeding of plantlet and
building of genetic transformation system in woody
plants. Due to the diversity and complex genetic background of different plant species and cultural materials, it
requires different pre-treatments, various medium types
for differentiation, multiplication and rooting of explants,
additional hormone kinds and concentrations, as well as
culture environment conditions. As a result, the
construction of regeneration system and genetic
transformation system of woody plant make slow
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progress (De Klerk et al., 1995; Kikkert et al., 1996; Han
et al., 2009). In this study, we used Malus ‘Indian magic’
as the material to study some key factors for the establishment of efficient regeneration and induction system.
Firstly, we investigated the effects of cultural materials,
disinfection time and anti-browning treatments on
explants. Secondly, effects of medium types, hormone
kinds and concentrations on the differentiation, multiplication, rooting of explants and on the growth of seedlings
from stem tips were determined. And at last, we probed
the survival rate and growth status of the transplanted
tissue culture seedlings in different culture substrates.
Finally, we successfully constructed a regeneration
system for explants from Malus ‘Indian magic’ plants.
Under the culture conditions temperature of 24 to 26°C,
light intensity of 1500 to 2000Lx and light of 12 to 16
h/day, the selection of stem tips without scale as the
tissue culture material and the use of HgCl2 5+3 min twostep method for stem tips disinfection reduced contamination rate and the addition of 0.2 mg·L-1 PVP effectively
prevented the browning of culture medium and explants.
The employment of MS containing1.0 mg/l 6-BA plus 0.01
mg/l NAA, MS containing1.0 mg/l 6-BA plus 0.2 mg/l NAA
and 1/2 MS containing 0.2 mg/l NAA as culture mediums
significantly
enhanced
the
differentiation
rate,
multiplication coefficient and rooting rate of the explants,
respectively. The use of MS containing 1.5 mg/l 6-BA
plus 1.0 mg/l 2,4-D as culture medium significantly
increased the leaf callus induction rate. On the MS
medium containing 1 mg/l 6-BA and 0.1 mg/l NAA, leaves
could directly regenerate without callus induction. When
well-grown seedlings were transplanted to the substrate
of vermiculite + perlite (1:1), the survival rate of transplants was obviously higher and their growth status was
better in the greenhouse at the relative humidity of 80 to
85%, temperature of 25 ± 2°C, light intensity of 1500 to
2000Lx and mist spraying conditions. This system
provided not only a direct way of establishment of
regeneration system and genetic transformation system
for crabapple, but also technical support for resources
preservation and propagation of other closely-allied
woody plants.
There are many factors that can affect the construction
of tissue culture regeneration of woody plants, including
the genetic characteristics of plant varieties, properties of
tissues and organs, culture mediums and hormone kinds
and concentrations, environmental conditions and so on.
For example, explants contamination and browning
degree varied due to different sampling time, explant
types and disinfection time. In addition, varieties of
plants, organs and tissues contain different phenolic
compounds in content and types, so explants of different
plants appear brown in different degrees (Pindel and
Miczynski, 1996). Among these factors, we suggested
that hormone kinds and concentrations in the medium
were crucial to stem tips germination, differentiation,
growth, leaf callus induction and differentiation according

to the results in this research. There were three reasons
which could demonstrate this conclusion. Firstly, in this
experiment, MS was used as the basic medium which
was added with 6-BA and NAA for differentiation
induction. When 6-BA concentration was 0.5 mg L-1, the
differentiation rate was almost 0, but when the
-1
concentration increased to 1.0 mg L , the differentiation
rate was up to 81.2%. Secondly, we used 6-BA or TDZ
(whose concentration used was much lower than other
cytokines) for multiplication induction (Huetteman et al.,
2005; Wang et al., 2006). The results showed that, with
the increasing concentration of TDZ in the mediums, both
the proportion and the degree of vitrification of seedlings
increased. When TDZ concentration was 0.01 mg L-1, the
seedlings grew well. At last, when we set six treatments
for rooting induction, it was obvious that different basic
medium types, especially different hormone kinds and
concentrations had different effects on rooting induction
of explants from Malus 'Indian magic' plants. All these
stated indicated that, the rational use of hormones was
an exceptionally important factor for the construction of
plant regeneration system.
Establishment of efficient leaves in vitro regeneration
system is important for genetic transformation of
crabapple
In term of Malus tissue culture, adventitious buds
induction directly from explants and from callus of
explants such as stem tips and leaves are two important
ways for regeneration. In the experiments of adventitious
buds induction directly from leaves, it was found that both
cytokinin and auxin were necessary for leaves
regeneration induction; high concentration ratio of
cytokinin to auxin resulted in high induction of leaves
regeneration (Ou et al., 2008). According to recent
studies (Szankowski et al., 2003; Holefors et al., 1998), it
was found that adventitious buds induction directly from
apple leaves held a considerable proportion. It was
possible that bigger intercellular space helped
differentiation of the adventitious buds from cells in Malus
leaves. So Malus leaves were regarded as ideal
acceptors for gene transfer operations and somatic
mutation. Cheng et al. (1998) used leaves of Malus
domestica as gene transfer receptor and successfully
transferred Gus (beta-Glucuronidase) gene and Bt
(Bacillus thuringiensis δ-endotoxin) target gene and
ultimately got transgenic lines which contained target
gene. Yu et al. (2008) used leaves explants from in vitro
cultured Malus xiaojineses to establish the regeneration
system for genetic transformation and polymerase chain
reaction amplification (PCR). Southern blot analysis
indicated that, target gene was integrated into M.
xiaojineses. Therefore, the establishment of efficient
leaves in vitro regeneration system becomes a key
technical link for genetic transformation of Malus.

Kaina et al.

In this research, we used nine treatments to induce
leaves callus of Malus 'Indian magic' plants and
discovered that the optimum medium for leaves callus
induction was MS containing 1.5 mg/l 6-BA plus 1 mg/l 2,
4-D, in which leaf callus induction rate was 100%. On the
medium of MS containing 1 mg/l 6-BA and 0.1 mg/l NAA,
leaves directly regenerated adventitious buds. These
results may provide foundations for continuous improvement of tissue culture technology and construction of
genetic transformation system of crabapple. Future
research should focus on optimizing leaf regeneration
system and genetic transformation system to improve
transformation efficiency and obtain transgenic lines
expected to cultivate new varieties of transgenic
crabapple.
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