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Abstract 
Apple is the most important temperate fruit crop of 

India. The technique of adventitious shoot regeneration 

is considered a pre-requisite for apple transformation. 

Therefore, highly efficient in vitro shoot regeneration 

system was established in ‘Red Chief’, an important 

spur cultivar of apple. In vitro derived leaf explants 

were cultured on MS medium supplemented with 

different combinations of growth regulators to induce 

adventitious shoots. The frequency of shoot formation 

with BA and NAA combinations ranged from 26.47-

96.35% with significant differences between the 

treatments. 5 mg/l BAP and 0.2 mg/l NAA were found 

to be the best treatment showing highest regeneration 

rate and 5.23 shoots per explant.  

 

Leaf explants showed maximum regeneration 

frequency of 98-100% with more than 10 shoots per 

explant using 1.8 or 2 mg/l TDZ each with 1 mg/l IBA 

but produced vitrified and stunted shoots. Leaf explants 

collected from 20,35 and 40 days old cultures and dark 

incubation for 10 days prior to growth in light 

depressed the regeneration rate and number of 

adventitious shoots. The regenerated shoots were 

micropropagated through axillary branching on 0.8 

mg/l BA, 0.5 mg/l GA3 and 0.1 mg/l IBA. About 85% 

microshoots were rooted in auxin free medium with 10 

days initial liquid culture containing 3 mg/l IBA. 

Rooted plantlets were acclimatized successfully.  
 

Keywords: Apple, in vitro regeneration, 6-

Benzylaminopurine, Thidiazuron. 

 

Introduction 
Apple belonging to the family Rosaceae, is grown in 

temperate and subtropical regions in various parts of the 

world. It is a fruit crop of significant economic importance 

which has gained importance among the consumers 

throughout the globe. India is the eighth-largest apple 

producer in the world with 2,265,000 tonnes from 305,000 

ha harvested area ( http://www.fao.org/faostat/en/). This 

fruit crop is threatened by premature leaf fall (Marssonina 

blotch) caused by Marssonina coronaria, which is now 

widespread worldwide including India.  

 

It became a major production limiting disease during recent 

years with 40-75 percent incidence in the State of Himachal 

Pradesh. All the available commercial cultivars are 

susceptible to this disease. Among the various apple 

cultivars, ‘Red Chief’ is an important spur cultivar 

recommended in India. Its fruit size is medium to large, 

uniformly dark in colour, aromatic, juicy and sweet. It 

develops colour 15 days earlier than ‘Starking Delicious’. 

 

Traditional apple breeding is time consuming process due to 

the long juvenile period, long breeding cycle and large field 

space requirement as well as high level of heterozygosity. 

Therefore, transformation appears to be a better approach for 

genetic improvement of perennial fruit trees6,14. Our main 

aim is to setup RNAi strategy through novel innovation host 

induced gene silencing (HIGS) approach to control 

Marssonina blotch in ‘Red Chief’ apple. The success of gene 

transfer, however, requires the regeneration of whole plants 

from somatic tissues like leaf. Adventitious shoot 

regeneration is, therefore, necessary for this purpose. 

Development of an effective transgenic system largely 

depends on an efficient and reproducible method for shoot 

regeneration from cultured cells or tissues3,13.  

 

Adventitious shoot regeneration has already been described 

by different researchers for several apple 

cultivars3,16,20,24,26,34 and reported different regeneration rates 

depending on the varieties or type of explant. In apple, 

regeneration of shoots was found to be affected by various 

important factors like species variability, explant type, age 

of cultures, leaf orientation, types and concentrations of 

plant growth regulators and the culture 

environment3,8,24,29,35. 

 

Thus, in this study, a simple and efficient system of direct 

shoot regeneration from in vitro leaf explants of apple 

cultivar Red Chief has been optimized for genetic 

transformation studies. For this ourpose, the effect of growth 

regulators, dark treatment, leaf orientation and explants 

excision time were studied. 

 

Material and Methods 
Plant material: Shoot proliferating cultures of apple 

cultivar Red Chief used as donor cultures in the present study 

were established21 in tissue culture facility of Department of 

Biotechnology, Dr. YSP UHF (HP, INDIA)21 and 

maintained by monthly subculture on standardized shoot 

multiplication medium consisting of MS (Murashige and 

Skoog)31 salts and vitamins supplemented with 1mg/l BA, 

0.5 mg/l GA3 and 0.1 mg/l IBA, 30g/l sucrose and 0.8 

percent agar. pH of medium was adjusted to 5.7 before 

autoclaving. The cultures were incubated in growth room at 

25±2ºC under a 16-h light/ 8-h dark photoperiod. 
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Adventitious shoot induction from leaf explants: First 4 

apical, green coloured, young and fully expanded leaf 

explants were excised from 4 week old cultures. Leaf edges 

and basal parts were cut away and leaf tissues were wounded 

on veins and across the midrib. Explants were then placed 

on regeneration MS medium with adaxial surface oriented 

upwards. To study the effect of plant growth regulators on 

adventitious shoot induction, regeneration medium 

containing different combinations of cytokinins e.g. 6-

benzylaminopurine (1-5 mg/l) or thidiazuron (0.2-2.0) and 

auxins like napthalene acetic acid (0.5&0.2 mg/l) or indole-

3-butyric acid (1mg/l) were evaluated. For initial pre-

treatment in dark, the cultures were incubated for 10 days 

before exposure to light under the same photoperiod as used 

for multiplication.   

 

Effect of leaf orientation on the regeneration efficiency was 

also studied by placing the leaves adaxial surface in contact 

with the regeneration medium. To test the best excision time 

of leaf explants, they were collected from 20, 30, 35, 40 days 

old cultures. The regeneration frequency of adventitious 

shoots and the average number of shoots per regenerating 

explant were recorded after six weeks of culture.  

 

Regenerated shoot multiplication, rooting and 

acclimatization: Healthy and non-vitrified regenerated 

shoots were cut from the leaf explants and cultured on above 

mentioned multiplication medium for shoot elongation and 

multiplication. Two step rooting method 21 was used for 

rooting of the regenerated shoots. For this, 2-3 cm long 

shoots were induced to root by pricking at the base with the 

sterilized needle and dipped for 10 days in ½ MS liquid 

medium containing 3mg/l IBA  and then transferred to auxin 

free ½ MS solidified medium. The percent rooting was 

calculated after four weeks. The well rooted shoots were 

transferred to the protrays containing cocopeat and 

vermicompost mixture in the ratio of 5:1 as standardised for 

axillary bud raised shoot rooting. Later, on cocopeat was 

replaced by soil: compost mixture (1:1). 

 

Statistical Analysis Each treatment consisting of 30 leaves 

was repeated three times. The data were analysed by 

Analysis of Variance (ANNOVA) followed by CRD test (at 

P 0.05) using OPSTAT software. Mean values and standard 

errors were used in the tables. Percent data were subjected to 

arc sine transformation values. 

 

Results and Discussion 
In apple regeneration systems, different type of explants 

were reported to be used for  adventitious shoot regeneration  

but the leaf explants were considered the best for in vitro 

shoot regeneration in most of the apple cultivars and 

rootstocks26,27,29,40.  

 

In the present studies, the effect of two types of cytokinin 

BA and TDZ combined with NAA or IBA respectively, dark 

incubation and age of explants were studied in ‘Red Chief’ 

and it was found that all these factors significantly 

influenced the regeneration frequency. 

 

Effect of plant growth regulators on shoot regeneration: 

It has been seen that the different types of plant growth 

regulators and their concentration have different 

morphogenic response on the shoot regeneration from leaf 

explants of ‘Red Chief’. At low concentration of BA (1-2 

mg/l) with constant level of NAA (0.5 mg/l), the explants 

enlarged in size and showed slight callusing at the cut ends, 

but no regeneration of shoots was observed even after eight 

weeks. 

 

With the increase in concentration of BA upto 5 mg/l, the 

leaf explants began to respond for shoot induction. The best 

regeneration frequency of 90.06% and 4.78 shoots per 

regenerating explant was achieved on medium 

supplemented with 5 mg/l BA and 0.5 mg/l NAA (Figure 

1a). When the concentration of NAA was reduced to 0.2 

mg/l, the regeneration frequency was further enhanced to 

96.35% with more than 5 shoots per explant (Figure 1b, 

Table 1). Thus, high concentration of BA (5 mg/l) in 

combination with low NAA (0.2 mg/l) was the most 

effective combination in inducing maximum regeneration 

rate in ‘Red Chief’.   

 

It has further been observed that with the increase in BA 

levels from 2.5 to 5mg/l, there was an increase in 

regeneration rate with healthy, non-vitrified and direct shoot 

formation after six weeks of incubation. The elongation of 

the regenerated shoots was observed on the same medium 

till 8th week (Figure 1c). Similar in vitro shoot regeneration 

capacity from leaf explants of apple cultivar ‘Royal Gala’ 

and rootstocks MM106, M7 and B9 were observed on 

medium having combination of BA and NAA24,28.  

 

Jamil and Khan17 achieved adventitious shoot formation 

from leaves and internodes in some of the apple cultivars on 

low concentration of BA (0.5-2mg/l) and NAA (0.2 -0.5 

mg/l). However, in our study, the levels up to 2 mg/l BA 

could not induce shoots, but higher concentration above 2 

mg/l of BA promoted shoot regeneration frequency. 

 

In the present investigation, when leaf explants were 

cultured on medium supplemented with combinations of 

TDZ and IBA, different morphogenic response was 

observed.  

 

Although shoot regeneration was obtained on all 

concentrations of TDZ (0.2-2.0 mg/l) each with 1 mg/l IBA, 

but the shoots produced were vitrified, stunted, rosette type 

and no elongation was observed even after the 8 weeks of 

culture. The callus formation was observed at the cut ends of 

leaves from where the shoots arose indirectly. The 

regeneration frequency increased with the increase in 

concentration of TDZ and maximum percent shoot 

regeneration (100%) was observed on the medium having 

2.0 mg/l TDZ (Table 2).  
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The shoots were formed in bunches in some cultures where 

it was difficult to count the number of shoots per explant. 

The initiation of shoot induction was observed one week 

earlier in comparison to medium having BA and number of 

shoots per explant was also observed to be higher. While 

evaluating the effectiveness of TDZ in ‘Red Chief’, we 

observed 95-100 % shoot regeneration on medium having 

1.8-2 mg/l TDZ each with 1mg/l IBA (Figure 1d and 1e). 

Similar regeneration rate was obtained in ‘Pingyitiancha’ 

apple cultivar on similar level of TDZ and IBA18.  

 

Mitic et al26 obtained 95% regeneration frequency from 

leaves using very high level of TDZ (5 mg/l) along with low 

IBA (0.3 mg/l). On the contrary, low concentration of TDZ 

resulted in higher frequency shoot induction with high 

number of healthy shoots per regenerating leaf in apple 

‘Golden Delicious’, ‘Bovery’ and ‘Gold Spur’9. In various 

studies, TDZ was found more potent to induce adventitious 

shoots from the leaf explants1,8,18,27. On the contrary, 

production of abnormal and highly vitrified adventitious 

shoots in our study seems to be a drawback. The differences 

in shoot regeneration frequency and shoot morphology may 

be due to the different genotypes. It has been suggested that 

in many plant species, the biological activity of TDZ is 

comparable or sometimes even higher than that of the most 

active adenine type cytokinins. 

 

Table 1 

Effect of various combinations of NAA and BA on adventitious shoot regeneration from leaf explants  

of apple cv. Red Chief 
 

S.N. 

Plant growth regulators 

Frequency of shoot regeneration Average no. of shoots per explant BAP 

(mg/l) 

NAA 

(mg/l) 

1 1 0.5 0.00 (0.00) 0.00(0.00) 

2 1.5 0.5 0.00(0.00) 0.00(0.00) 

3 2 0.5 0.00(0.00) 0.00(0.00) 

4 2.5 0.5 26.47(31.08) 1.88(7.42) 

5 3 0.5 55.49(48.25) 1.65(7.83) 

6 3.5 0.5 70.94(57.20) 3.78(10.35) 

7 4 0.5 79.84(62.89) 3.26(10.56) 

8 4.5 0.5 86.47(68.59) 4.50(11.66) 

9 5 0.5 90.06(72.54) 4.78(12.04) 

10 1 0.2 0.00(0.00) 0.00(0.00) 

11 1.5 0.2 0.00(0.00) 0.00(0.00) 

12 2 0.2 0.00(0.00) 0.00(0.00) 

13 2.5 0.2 30.87(33.66) 1.96(8.042) 

14 3 0.2 68.57(55.84) 2.32(8.23) 

15 3.5 0.2 76.15(61.45) 3.96(10.49) 

16 4 0.2 79.68(62.79) 3.65(10.43) 

17 4.5 0.2 88.74(69.97) 4.68(11.08) 

18 5 0.2 96.35(78.93) 5.23(12.87) 

CD0.05
   2.62 3.25 

SE   0.91 1.13 

Values in the parentheses are arc sine transformed values 

 

Table 2 

Effect of various combinations of TDZ and IBA on adventitious shoot regeneration from leaf explants  

of apple cv. Red Chief 
 

S.N. 
PGRs Percent shoot 

regeneration 
Average no. of shoots per explant Type of shoot 

TDZ (mg/l) IBA (mg/l) 

1 0.2 1 30.29(33.24) 3.67(10.02) Vitrified  

2 0.6 1 56.66(48.40) 5.35(13.14) Vitrified 

3 1.0 1 69.33(56.30) 5.89(12.47) Vitrified 

4 1.4 1 90.36(72.29) 7.85(16.09) Vitrified 

5 1.8 1 98.48(83.83) >10 Vitrified 

6 2.0 1 100(90.00) >10 Vitrified 

CD0.05
   4.95 3.45  

SE   1.59 1.396  

     Values in the parentheses are arc sine transformed values 
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Similarly, in previous studies, high concentrations of 

cytokinin like TDZ and BA along with low concentration of 

NAA and IBA have been used for adventitious shoot 

regeneration studies in apple genotypes1,26,27. While 

comparing the two cytokinins in our investigation, BA 

containing medium resulted in direct organogenesis with 

longer shoots while TDZ developed shoots from intervening 

callus. In regeneration system of apple, both pathways for 

shoot induction have been reported, which depend upon 

genotype, cytokinin-auxin type and ratio. In cultivar Gala, 

indirect regeneration9 was reported while in Jork 9 and 

MM106, shoots produced were direct30,32.  

 

In one of our recent reports, low level of TDZ (0.8mg/l) with 

1mg/l NAA was more effective in stimulating high 

regeneration rate with 90 per cent of shoots originated 

directly in apple rootstocks MM11127.  

 

TDZ has been used to induce adventitious shoots in a 

number of Malus species and genotypes 22,33, however, it 

was reported to develop abnormal shoots in a wide range of 

plants7. Moreover, TDZ induced abnormalities like vitrified 

shoots, dwarf character or shoot fascination in apple. In 

some reports19, it has been cautioned for its use, however, 

Magyar- Tabori et al24 reported that development of these 

abnormalities depends on the genotype and TDZ 

concentration applied.  

 

Da Silva and Dobránszki5 suggested that the primary role of 

cytokinins in apple shoot regeneration needs to be improved 

because ineffective concentration might lie very close to 

effective levels, so a small deviation may cause an adverse 

effect. 

 

Effect of explant age, dark incubation and orientation: 

Leaf explants excised from 30 days old donor multiple shoot 

cultures resulted in the highest shoot regeneration. 

Variations were observed in the number of adventitious 

shoots developed from donor shoots of different ages. 

Regeneration frequency in younger leaves which were 

excised from 20 days old donor culture was reduced to 

78.02% with 2.62 shoots per regenerating explant. In our 

study, regeneration ability of the leaves depressed 

dramatically when age of donor shoots exceeds 30 days. The 

regeneration frequency decreased to 30% and 5.34% with 

only 1.65 shoot number per explant in case of leaves 

collected from 35 and 40 days old culture respectively 

(Table 3).  

 

Here, most of the explants were covered with white nodular 

mass of cells. Previously, many authors found that the 

uppermost 2-4 young leaf explants of 20-30 day old culture 

were the best for obtaining good regeneration frequency and 

number of shoots per explant11,23,29,38. Williams and 

Maheswaran39 reported that response of leaf explants for 

organogenesis is dependent on the development stage of 

tissue in many different plant species. Thus, 30 days old 

donor shoots proved to be the best source of explants in the 

present research on ‘Red Chief’. Younger material is easy to 

form organs in vitro, which might be because they have more 

metabolically active cells with more suitable hormonal 

situation10. 

 

The incubation of the leaf explants in the dark for 10 days 

adversely affected the in vitro adventitious shoot 

regeneration. The dark treatment leads to callusing of the 

explants and lowers the regeneration rate to 60 percent and 

number of shoots to 2 on same medium which resulted in 

higher per cent shoot regeneration with light incubation. 

Similar results were obtained by Modgil et al.29 Direct shoot 

regeneration in apple cultivar in the light condition was also 

observed by the Belaizi et al.2 

 

On the contrary, many authors reported the increased 

regeneration frequency, more number of shoots per explant 

and direct organogenesis, when dark pre-treatment was 

given to the explants4,18,26,36,37. But in case of our study, the 

dark treatment leads to callusing of the explants, a decrease 

in the regeneration frequency and number of shoots per 

explant. The difference in the regeneration response from the 

dark pre-treatment to the explants may be due to the 

genotypic effect. Another factor we evaluated was the 

orientation of explants which is also considered to be one of 

the important factors in adventitious shoot regeneration in 

apple.  

 

By placing the adaxial surface of leaf explants in contact 

with medium resulted in very low or no shoot regeneration 

and the leaf curled towards inside from the edges and very 

less surface area of the explants remained in contact with the 

nutrient medium. There is little callus formation at the cut 

ends of the leaves.  

 

Table 3 

Effect of age of the leaf explants on the in vitro shoot regeneration in apple cv. Red Chief 
 

S.N. 
Leaf age 

(No. of days) 
Percent shoot regeneration Average no. of shoots per explant 

Shoot induction  

(after no. of days) 

1 25 78.02(62.16) 2.62(9.29) 35 

2 30 96.35(79.18) 5.23(13.13) 28 

3 35 30.12(33.54) 1.65(7.82) 40 

4 40 5.34(13.79) 1.00(3.86) 42 

CD0.05
  4.38 3.86  

SE  1.32 1.16  

       Values in the parentheses are arc sine transformed values
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(f) 
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(h) 

Figure 1: In vitro shoot regeneration in apple cultivar Red Chief a) Direct shoot regeneration on MS medium with 5 

mg/l BA & 0.5 NAA (b) 5 mg/l BA & 0.2 mg/l NAA c) continued elongation of shoots on same medium till 8 wks  

d) 1.8 TDZ & 1 mg/l IBA e) 2mg/l TDZ & 1mg/l IBA f) multiplication of elongated regenerated shoots  

g) In vitro rooted regenerants after two step rooting method b) acclimatized plants 

 

Similar findings were observed in other apple cultivars like 

‘Royal Gala’16, ‘Greensleeves’25 and ‘Golden Delicious’26 

where abaxial surface of the leaf explants oriented towards 

the medium resulted in higher shoot regeneration rates. On 

the contrary in apple cultivars ‘Orine’ 12 and ‘Melrose’ 26, the 

adaxial surface in contact with the medium resulted in the 

best shoot regeneration which may be due to different 

genotype and other factors like growth regulator 

combinations.  

        

The regenerated shoots multiplied well on multiplication 

medium (Figure 1f) standardized in our earlier studies21. 

Around 85 percent adventitious shoots were rooted with a 

few secondary roots (Figure 1g). Similarly, a high percent 

rooting was observed in G.30 apple rootstock on medium 

having 3 mg/l IBA15. The well rooted plantlets of apple 

cultivar Red Chief were successfully acclimatized in pots in 

the green house conditions (Figure 1h) and showed 60 

percent survival. 

 

Conclusion  
Thus, it may be concluded that a simple, reproducible and 

highly efficient shoot regeneration protocol in apple cultivar 

Red Chief has been optimized in the present research which 

can further be used effectively for regenerating shoots from 

leaf explants transformed by Agrobacterium tumefaciens 

containing RNAi constructs. 
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