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Introduction

The efficiency of regeneration protocol is one of 
the most important components for the success-

ful development of transgenic crops (Sahoo et al., 
2011). However, regeneration capacity varies with the 
genotype and even among cells within the same plant 
(Wang et al., 2009). When we compare maize with oth-
er cereals, it was remarkably noticed that for callus in-
duction and plant regeneration, maize is particularly a 
challenging crop (Vega et al.,  2008; Wang et al.,  2009).
Green and Phillips (1975) were the first to explore 

regeneration in maize using immature embryos as an 
explant. Since then, regeneration from immature em-
bryos of different maize genotypes has been report-
ed by many authors around the globe (Ishida et al., 
1996; Frame et al., 2002; Guruprasad et al., 2016).
Wan et al. (1995) utilized type I calli derived from 
immature embryos to regenerate transformed lines 
while Walters et al. (1992) used type II calli. Arm-
strong and Green (1985) established and maintained 
friable embryogenic calli from immature embryos 
of A188 inbred line for more than one year and ob-
tained regeneration from it. However availability of 
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immature embryos or explants derived from imma-
ture embryos is seasonal limited or requires enough 
green house facility and strictly limited to specific 
days after pollination (Odour et al., 2006; Pathi et al., 
2013).  This imposes tedious tissue culture procedures 
within specified time period (Abebe et al., 2008) 
and continuous planting is required in same season 
after regular interval to ensure availability of imma-
ture embryos for extended time period. Sidorov et al. 
(2006) extended the regeneration in maize to auxilia-
ry bud in coleoptilar node obtained from germinating 
maize seeds in vitro. Since then, maize regeneration 
was achieved by embryogenic and organogenic calli 
obtained from coleoptilar node (Pathi et al., 2013).

Presently very limited numbers of regeneration stud-
ies have been conducted globally on elite maize inbred 
lines. All the published protocols relevant to regen-
eration of maize are based on model inbred lines or  
model hybrids that are still required to be improved 
as the elite inbred lines are difficult to regenerate with 
these protocols. The present project was designed to 
extend regeneration system to our indigenously de-
veloped maize inbred line using longitudinal cut sec-
tions of coleoptilar node. 

Material and Methods

Effect of germination media on morphological pa-
rameters of maize inbred line
Maize Inbred line-5 (MIBL-5) was obtained from 
the maize hybrid program of Crop Science Institute, 
National Agricultural Research Centre, Islamabad. 
The sterilized seeds were germinated on two different 
media to identify better media for optimal coleopti-
lar node development and to observe the variations 
in different morphological parameters in response to 
different germination media. Germination Medium-I 
(GM-I) was consisted of MS salts (Phytotechnology 
Laboratories, USA), 10 ml MS vitamins (100X), 30 
gL-1 sucrose and 2.8 gL-1 gellan gum agar. The Germi-
nation Medium-II (GM-II) was the same as GM-I 
except the additions of 3 mgL-1 BAP and 5 mgL-1 

picloram. The data was recorded after eight days on 
various parameters such as shoot length, number of 
roots, root length, number of adventitious roots, bio-
mass and analyzed statistically using T-Statistic. The 
physical appearance of coleoptilar node was also ob-
served.

Callus induction response from coleoptilar node
Fifty explants (half coleoptilar node) raised on Ger-

mination Medium-I (GM-I) and fifty explants raised 
on Germination Medium-II (GM-II) were subjected 
to callus induction medium. The callus induction me-
dium was composed of 4.33gL-1 MS basal medium 
with vitamins (Phytotechnology Laboratories, USA), 
3% sucrose, 1.38 gL-1 proline, 0.5 gL-1 MES, 0.2 gL-1 
casin hydrolysate, 0.1 gL-1 myoinositol, 0.5 mgL-1 2, 
4-D, 1 mgL-1 picloram and 2.8 gL-1 gellan gum agar. 
The callus induction frequency was measured after 14 
days using the following equation:

 

Evaluation of different media for embryogenic callu-
si formation
Three different media compositions were evaluated 
for maximum embryogenic callusi formation from 
primary calli. One media was based on N6 basal salts 
and other two media were based on MS basal salts 
with different combinations of growth hormones and 
additives. The compositions of different media are 
given in Table 1. The data on embryogenic callusi for-
mation was recorded after 28 days and analyzed us-
ing Completely Randomized Design of Statistix 8.1 
Software.

Table 1: Composition of different embryogenic media
Embryogenic Media Composition
Embryogenic 
Medium I (EM-I) 

3.99 gL-1 Chu's N6 basal medium w/ 
vitamins (Phytotechnology laborato-
ries, USA), sucrose 3%, proline 0.69 
gL-1, casein hydrolysate 1 gL-1, gly-
cine 2 mgL-1, 2, 4-D 2 mgL-1, BAP 
0.2 mgL-1, gellan gum agar 2.8 gL-1.

Embryogenic
Medium II (EM-II)

4.33 gL-1 MS basal medium w/ vita-
mins (Phytotechnology laboratories, 
USA), sucrose 3%, proline 0.69 gL-1, 
casein hydrolysate 1 gL-1, glycine 
2 mgL-1, 2, 4-D 2 mgL-1, BAP 0.2 
mgL-1, gellan gum agar 2.8 gL-1.

Embryogenic Medi-
um III (EM-III)

4.33 gL-1 MS basal medium w/ 
vitamins (Phytotechnology labo-
ratories, USA), sucrose 3%, proline 
1.38gL-1, casein hydrolysate 0.2 gL-1, 
myoinositol 0.1 gL-1, MES 0.5 gL-1, 
2, 4-D 2 mgL-1,gellan gum agar 2.8 
gL-1.

Effect of silver nitrate on production of Type II embry-
ogenic calli
In order to determine the effect of silver nitrate on 
production of type II embryogenic calli, the Embry-
ogenic Medium-III (EM-III) was enriched with dif-
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ferent concentrations of silver nitrate. The different 
concentrations of silver nitrate were selected based on 
previous literatures. Silver nitrate at 3.4 mgL-1 (Sidor-
ov and Duncan, 2009), 5 mgL-1 (Zhong et al., 2011), 
10 mgL-1 (Huang and Wei, 2004) and 15 mgL-1 (Car-
valho et al., 1997) were evaluated for any enhance-
ment in type II callusi production. Control treatment 
without silver nitrate was also included. Data was re-
corded after four weeks and analyzed statistically by 
Statistix 8.1 Software.

Effect of different methods of regeneration 
Effect of different regeneration methods (REM) has 
been investigated. In one method (REM-I), the re-
generation procedure of the Sidorov and Duncan 
(2009) was followed. In REM-1, embryogenic calli 
were cultured initially on MS medium fortified with 
3.5 mgL-1 BAP, 1.36 gL-1 L-proline, 30 gL-1 sucrose 
and 0.05 gL-1 casamino acids for one week and then 
embryogenic calli were recultured on MS medium 
augmented with 10 gL-1 glucose, 20 gL-1 maltose, 
0.15 gL-1 asparagine monohydrate and 100 mgL-1 
myoinositol. In the second method (REM-II), the 
regeneration medium of Pathi et al. (2011) was used 
which was consisted of MS medium supplemented 
with 30 gL-1 sucrose, 100 mgL-1 myo-inositol, 0.5 
mgL-1 NAA, 2 mgL-1 BAP and1 mgL-1 kinetin. In 
the third method (REM-III) the regeneration proce-
dure of  Rafiq et al. (2006) was followed with a little 
modification. In this method embryogenic calli were 
plated on N6 medium fortified with 60 gL-1 sucrose, 
1 mgL-1 NAA for one week initially in dark and then 
embryogenic calli were cultured on MS medium aug-
mented with 2 gL-1 myo-inositol and 20 gL-1 sucrose. 

Results

Variations in morphological parameters in response 
to different germination media
Shoot length of germinated maize was not signifi-
cantly affected by two different germination media 
while numbers of roots were severely affected by dif-
ferent germination media. GM-II decreased the av-
erage number of roots/plantlets by 49.3% compared 
to GM-I medium (Table 2 and Figure 1a, b). The 
plantlets having 3.19 cm average root length were 
produced on GM-I. Average root length produced 
on GM-I was 2.75 times of average root length de-
veloped on GM-II (Table 2 and Figure 1a, b). GM-II 
produced 0.33 average numbers of adventitious roots 
while GM-I supported 1.33 average numbers of ad-

ventitious roots. Increased biomass was observed on 
GM-I compared to GM-II. The coleoptilar node de-
veloped on GM-II was noticed as swollen, expanded 
and of more diameters compared to coleoptilar node 
produced on GM-I. (Figure 1c, d). From this exper-
iment it was concluded that shoot length, number of 
roots, root length, number of adventitious roots and 
biomass were decreased on GM-II while the coleop-
tilar node was observed expanded and swollen. The 
length of mesocotyle was found more when the seeds 
were germinated on the GM-II compared to GM-I 
(Figure 2a, b).  Moreover some portion of mesocotyle 
shrunk down along diameter with time in some plants 
when seeds were germinated on GM-II and shrink-
age initiation was always observed from coleoptilar 
nodal side and not from scutellum nodal side (Figure 
2c, d).

Table 2: Variations in morphological parameters in 
response to different germination media.

Different germination media
S.
No

Parameters GM-I ± 
S.E

GM-II 
± S.E

T-
Statistic

P-
Value

1 Shoot 
Length (cm)

4.71 
± 0.31

3.95 
± 0.27

1.82ns 0.089

2 No. of Roots 7.89
± 0.48

4.00 
± 0.62

4.93** 0.000

3 Root length 
(cm)

3.19 
± 0.13

1.16 
± 0.14

10.42** 0.000

4 No. of Adv.
Roots

1.33 ± 
0.333

0.33
± 0.17

2.68* 0.021

5 Biomass (g) 1.10 ± 
0.055

0.92
± 0.06

2.19* 0.045

6 Coleoptilar 
node

Less 
diameter

More 
diameter

Each value followed by standard error of mean is a mean of data 
taken on 9 plantlets.
*significant at 5%, ** significant at 1%, ns = non-significant 

Callus induction response from coleoptilar node in-
duced on GM-I and GM-II
Coleoptilar nodes raised on GM-II produced 90% 
calli while coleoptilar nodes raised on GM-I pro-
duced 44% calli on callus induction medium (Table 
3). The present study shows that GM-II is better for 
germination of maize seeds to obtain high frequency 
of callus from coleoptilar node in subsequent steps 
of tissue culture.  Callus induction response from 
coleoptilar nodes developed on different germination 
media is shown in Figure 3. The death of coleoptilar 
nodes without formation of callus is also shown in 
Figure 3a.
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Figure 1: Effect ofdifferent germination media on num-
ber of roots and diameter of coleoptilar node. a, more 
number of roots developed on GM-I; b, less number of 
roots developed on GM-II; c, normal diameter of coleop-
tilar node developed on GM-I; d, increased diameter of 
coleoptilar node developed on GM-II.

Figure 2: Effect of BAP and picloram on the mesocotyle 
of maize seedling. a, reduced length of mesocotyle on me-
dium devoid of BAP and picloram (GM-I); b, enhanced 
length of mesocotyle on medium containing BAP and pi-
cloram (GM-II); c and d, shrinkage of some portion of 
mesocotyle on GM-II.

Table 3: Callus induction from coleoptilar node induced 
on GM-I and GM-II.

Different germination 
media
GM-I GM-II

Explant (half coleoptilar node) 50 50
Calli produced 22 45
Percentage 44 90

Figure 3: Callus induction response from coleoptilar 
nodes developed on different germination media.a, calli 
induced from coleoptilar node developed on GM-I; b, calli 
induced from coleoptilar node developed on GM-II.

Embryogenic callus formation frequency on different 
media
Embryogenic Medium-III (EM-III) produced max-
imum number of embryogenic calli followed by EM-
II and EM-I respectively. EM-II and EM-III which 
were MS based media performed better than N6 
based EM-I medium for embryogenic calli develop-
ment (Table 4). The representatives of embryogenic 
and non-embryogenic calli developed on EM-III are 
shown in Figure 4a. The study also coined that each 
and every primary callus is not necessary to produce 
somatic embryos on its surface (Figure 4a). The em-
bryogenic calli also contained sufficient non-embryo-
genic portion and is depicted in Figure 4b, c. 

Effect of silver nitrate on production of Type II embry-
ogenic calli
Different concentrations of silver nitrate enhanced 
the production of type II embryogenic calli. 5 mgL-1 

silver nitrate increased the type II embryogenic calli 
production by 54.9% compared to control treatment 
(Table 5). The results of present experiment indicate 
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that silver nitrate has major role in enhancement of 
type II embryogenic calli production. Both type I 
and type II embryogenic calli were also produced on 
control treatment (0 mgL-1) of silver nitrate but the 
medium which contained silver nitrate significantly 
enhanced the production of type II embryogenic calli 
compared to type I. Representative of type I and type 
II calli are shown in Figure 5. Type I calli were found 
hard, slow growing and yellowish in appearance while 
type II calli were loose, friable, fast growing and whit-
ish in appearance (Figure 5).

Table 4: Embryogenic callus formation frequency on dif-
ferent media.

Different embryogenic media
EM-I EM-II EM-III

Primary Calli 45 45 45
Embryogenic Calli 16 24 36
Percentage 35.56 B  53.33 B 80.00 A

LSD0.01 17.79

Figure 4: Development of embryogenic and non-embry-
ogenic calli on embryogenic media. a,1, 2 and 3, embryo-
genic calli developed on EM-III; 4, 5 and 6 non-embry-
ogenic calli developed on EM-III; b and c, embryogenic 
and non-embryogenic portions of embryogenic calli devel-
oped on EM-III.

Effect of different methods of regeneration 
REM-III supported maximum average regenera-
tion of 58.33% followed by REM-II (43.33%) and 
REM-I (35%) (Table 6). Advanced stages of em-
bryogenic calli achieved with different regeneration 
methods after two weeks of culturing are shown in 
Figure 6. Globular somatic embryos of variable sizes 
developed on the surface of embryogenic calli at the 
advanced stage prior to green spot induction are also 
shown in Figure 6.

Table 5: Effect of silver nitrate on production of Type II 
embryogenic calli.

Different concentrations of silver nitrate
0 
mgL-1

3.4 
mgL-1

5 
mgL-1

10 
mgL-1

15 
mgL-1

Embryo-
genic 
Calli

28 46 49 45 44

Type-II 14 34 38 34 34
Percent-
age

50.00 B 73.69 A 77.45 A 75.55 A 77.27 A

LSD 0.01 19.86

Figure 5: Silver nitrate enhanced the type II calli pro-
duction. a, type I calli developed on EM-III; b, type II 
calli developed on EM-III fortified with 5 mgL-1silver 
nitrate.

Table 6: Effect of different methods on regeneration of 
maize inbred line.

Different regeneration methods
REM-I REM-II REM-III

Embryogenic calli 60 60 60
Regenerated Calli 21 26 35
Percentage 35.00 B 43.33 AB 58.33 A
LSD 0.01 16.73

The embryogenic calli were further allowed to grow 
on same regeneration media for another two weeks 
and data was recorded on regeneration. The calli with 
at least one green spot was designated as regenerated. 
The regenerated embryogenic calli after 4 weeks on 
different regeneration media are shown in Figure 7.

Various steps of regeneration of callus derived from 
coleoptilar node
The sterilized seeds were cultured on Germination 
medium (GM-II) and allowed to germinate and 
grow for 8 days. The 8 days old seedling is shown in 
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Figure 8a. The coleoptilar node was cut longitudinally 
into two pieces (Figure 8b). The primary calli were 
induced from 

Figure 6: Morphological differences in embryogenic calli 
of maize obtained through different regenaration meth-
ods. a and b, embryogenic calli derived using REM-I; c 
and d, embryogenic calli developed with REM-II; e and 
f, resultant embryogenic calli with REM-III.

Figure 7: Regeneration of embryogenic calli. a, regener-
ation of embryogenic calli using REM-I; b, regeneration 
of embryogenic calli using REM-II; c and d, regeneration 
of embryogenic calli using REM-III.

longitudinal cut sections of coleoptilar node on cal-
lus induction medium at 28 oC under16/8 light/dark 
photoperiod after 14 days of culturing (Figure 8c).  
Embryogenic calli developed on Embryogenic Me-
dium-III (EM-III)  in dark, were shifted to Regen-
eration Method-III (REM-III) and green spots were 
induced after 4 weeks (Figure 8d). The green spots 
were allowed to proliferate further on REM-III and 
shoots were induced after another two weeks (Figure 
8e, f ). 

Figure 8: Various steps involved in efficient regeneration 
of coleoptilar node. a, maize seedling developed on GM-
II; b, longitudinal sections of coleoptilar node; c,calli in-
duced from longitudinal sections of coleoptilar nodes; d, 
embryogenic calli with green spots were produced with 
REM-III; e and f, shoots development from regenerated-
callus with REM-III.

Discussion

Sidorov et al. (2006) has established that embryo-
genic calli obtained from longitudinal  cut sections 
of coleoptilar nodes are fully capable to regenerate 
whole plants. The present study extended the same 
regeneration system to our indigenously developed 
elite maize inbred line. Addition of 3 mgL-1 BAP and 
5 mgL-1  picloram in MS media resulted, expanded 
coleoptilar node which was found suitable for fur-
ther manipulation during tissue culture. The expan-
sion in coleoptilar node may be due to induction of 
auxiliary bud in nodal area. Sidorov et al. (2006) also 
obtained expanded coleoptilar node on 10 mgL-1 pi-
cloram and 3 mgL-1  BAP. The length of mesocotyle 
was found more when the seeds were germinated on 
GM-II compared to GM-I. This enhanced length 
of mesocotyle may be due to increased cell division 
and cell elongation in response to BAP and picloram 
contained in GM-II. Moreover some portion of me-
socotyle shrunk down along diameter with time in 
some plants when seeds were germinated on GM-II. 
The reason of shrinkage of some portion of mesocot-
yle is unknown.  

The present study suggested that coleoptilar nodes 
raised on GM-II are more efficient in production 
of primary calli than the coleoptilar nodes raised on 
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GM-I. Sidorov et al. (2006) optimized maximum cal-
lus induction frequency of 42.1% from L 9 genotype 
of maize using 2.2 mgL-1 picloram and 0.5 mgL-1 
2,4-D in MS media while we obtained 90% calli from 
maize inbred line-5 using 1 mgL-1 picloram and 0.5 
mgL-1 2, 4-D in MS media. The difference in callus 
induction efficiency of two maize lines seems due to 
difference in composition of media and different ge-
netic makeup of these two lines.

The In vitro capacity of cells to induce embryogenic 
calli from primary calli may be the result of sensitivity 
to varying concentration of auxins (Von Arnold et al., 
2002). Higher level of endogenous indole acetic acid 
(IAA) concentrations in maize explants is correlated 
with embryogenic callus development ( Jimenez and 
Bangerth, 2001). The proper interaction of endoge-
nous and synthetic auxin in EM-III in the present 
study may be the reason of development of more 
embryogenic calli compared to other two media. The 
study also coined that each and every primary callus is 
not necessary to produce somatic embryos on its sur-
face. The reason of this may be due to difference in en-
digenous hormonal differences among explants when 
it was first cultured in vitro. The study also showed 
that embryogenic calli contained sufficient amount of 
non-embryogenic portion. The reason of embryogen-
ic and non-embryogenic portion in embryogenic calli 
may be due to the presence of heterogeneous nature 
of cells in initial explant. We used both MS and N6 
media to obtain the embryogenic calli and conclud-
ed that MS supported more embryogenic calli than 
N6 medium. Similar observation was also noticed by 
Malini et al. (2015) while studying different Indian 
maize genotypes. Azad et al. (2015) also concluded 
similar result that MS is better medium compared to 
N6 for production of somatic embryos. 

Type II calli are more desirable as it maintain the ca-
pacity of regeneration for longer period of time upto 
three months in maize. Type II callus is preferred for 
in vitro manipulation and is used to establish proto-
plast and cell suspension cultures but type II callus 
usually initiates at lower frequency than type I callus 
(Wang et al., 2009). Songstad et al. (1991) explored 
the role of AgNo3 in the production of type II cal-
lus and demonstrated that addition of 10-100 µM of 
AgNo3 to N6 medium promoted the type II callus 
production from different maize genotypes. Inclusion 
of silver nitrate in present study also enhanced the 
production of type II embryogenic calli compared to 

control treatment. 

Some embryogenic calli in the present study did 
not produce any green spots on its surfaces probably 
due to failure of expression of genes related to pho-
tosynthesis in these embryogenic calli as previously 
reported by (Che et al., 2006). ElItriby et al. (2003), 
also reported same observation that embryogenic 
calli not always necessarily possess regenerability. In 
the present study the regeneration method of Rafiq 
et al. (2006) with little modification was found best 
and 58.33% embryogenic calli were regenerated while 
Rafiq et al. (2006) obtained higher regeneration re-
sponse of 86.4% in BR-6, 77% in EX-285 and 63% in 
EX-295 using nearly same regeneration method, sug-
gesting that different genotypes respond differently 
on same regeneration media. Similar to present study, 
Gonzalez et al. (2012) also obtained regeneration in 
14 maize lines using MS media without any growth 
hormone. 

Conclusions

In Summary, amendments in different available cul-
tural media were successful in extending the regen-
eration system to the coleoptilar nodes of elite maize 
inbred line. In the present investigation, simple and 
reproducible regeneration system based on initiation 
of type II embryogenic calli obtained from longitu-
dinal cut sections of coleoptilar node was developed 
to circumvent the tedious, time consuming, seasonal 
restricted procedures of raising the immature embry-
os as a starting material for genetic transformation of 
maize. The optimized protocol would extend the re-
generation system to economically important recalci-
trant maize genotypes and would accelerate the work 
relevant to genetic transformation of maize through-
out the year.
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