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Changes in protein profiles and protein phosphorylation were studied in various stages of germinating 
somatic and zygotic embryos. Many proteins, which were expressed in cotyledonary stage somatic 
embryos, were also present in the zygotic embryos obtained from mature dry seed. The intensity of 22 
kDa protein was much higher in zygotic embryos in comparison to cotyledonary somatic embryos. 
Proteins of 55, 53, 27 and 25 kDa did not vary in expression during different stages of germination of 
somatic and zygotic embryos. There was rapid accumulation of 28 kda protein in germinating zygotic 
and somatic embryos at 3rd stage and persisted during the subsequent stages of germination indicating 
the emergence of radical and plumule. A clear difference was observed in the patterns of protein 
phosphorylation in germinating somatic and zygotic embryos. A 50 kDa protein was heavily 
phosphorylated in mature zygotic embryos at 2nd stage of germination and disappeared in 3rd stage of 
germination. Protiens of 50 and 43 kDa proteins showed enhanced phosphorylation up to 3rd stage and 
drastic reduction was observed at 4th stage. In addition, phosphorylation of 68 and 65 kDa specifically 
appeared in 3rd stage of germinating somatic embryos and were not observed during any germinating 
stages of zygotic embryos. 
 
Key words: Protein analysis, sodium dodecyl sulphate polyacrylamide gel electrophoresis, protein 
phosphorylation, zygotic embryo axis. 

 
 
INTRODUCTION  
 
Groundnut or peanut (Arachis hypogaea) is one of the 
principle edible oil seed and protein rich leguminous crop, 
cultivated on over 20 million hectors in over 108 tropical 
and subtropical countries, with an annual yield of seeds 
estimated 28 million tons (Fao, 2007). Peanut is high oil 
yielding and protein rich legume. Current commercial 
peanut cultivars are allotetraploids, apparently derived 
from a single hybridization event between diploid peanut, 
A. hypogea and Arachis ipaensis (Kocher, 1996). Con-
ventional methods of plant improvement have met with 
limited success in development of the disease resistant 
cultivars due to narrow genetic variability present in the  
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groundnut germplasm. Such variability has become a 
barrier in crop improvement of cultivated species due to 
frequent failures in interspecific crosses such as post 
fertilization barriers leading to abortion of embryos, seed 
or pods, which fail to germinate in the soil (Johanson and 
Smith, 1956). The crop has narrow germplasm base with-
out satisfactory resistant to major pathogens and viruses. 
The development of suitable protocol for genetic improve-
ment of the plants using biotechnological methods is the 
pre-requisite (Rey et al., 2000). 

Application of tissue culture for the improvement has 
been limited due to lack of useful methods to recover 
plants from tissues and cells culture in vitro (Mroginski et 
al., 1981; Ozais-akins, 1989; Baker and Weitstein, 1992). 

Comparatively with respect to plant transformation, 
plant regeneration through somatic embryogenesis and 
organogenesis may  be  useful.  Somatic  embryogenesis  



 
 
 
 
has been reported from immature embryo axis (Eapen 
and George, 1993; Baker et al., 1994), mature embryos 
(Chengalrayan et al., 1994; Baker et al., 1995), mature 
embryo derived leaflets (Chengalrayan et al., 1997; 
Venkatachalam, 1996), mature and immature cotyledons 
(Gill and Saxena, 1992; Durham and Parrott, 1992; 
Wetstein and Baker, 1993), leaflet cultures (McKently 
1991; Gill and Saxena, 1992; Baker and Wetzstein, 
1998), hypocotyls (Venkatachalam et al., 1997) and 
epicotyls (Little et al., 2000). Although protocols for the 
regeneration of peanut via somatic embryogenesis and 
organogenesis have been developed, most of them 
resulted in low frequencies of plant recovery ranging from 
18-38% (Ozais-Akins, 1989; Reddy and Reddy, 1993; 
Wetzstein and Baker, 1993). 

Few reports have described methods for obtaining high 
frequency plant conversion from somatic embryos. Little 
et al. (2000) reported that a combination of genotype VC1 
and picloram at 83.0 �M resulted in the best conversion 
efficiency of somatic embryos (59.5%) and also the 
highest average number of mature somatic embryos/mg 
of tissue. A reliable protocol of plant regeneration for 
efficient application of genetic transformation has been 
published by us in which we obtained 80% of shoot in-
duction from somatic embryos obtained from somatic 
embryos isolated from 60 day old cultures, and shoots 
rooted with frequency of 93.3% of plant recovery (Roja 
and Padmaja, 2005), but actual reason for lack of 
hundred percent plant recovery is yet to be known. 

There is no report available in groundnut on compare-
son of somatic and zygotic embryogenesis at the bio-
chemical and molecular levels. Identification of bio-
chemical and molecular markers characteristic to 
different stages of somatic embryogenesis, in comparison 
with zygotic embryos would be helpful in improving the 
regeneration potential of somatic embryos. 
 
 
MATERIALS AND METHODS  
 
Samples of different germinating stages of somatic and 
zygotic embryos 
 
Zygotic embryo axes were excised from mature dry seed were steri-
lize in 70% alcohol for 1 min followed by 0.1% HgCl2 for 20 min and 
thoroughly rinsed three times in sterile distilled water and inoculated 
on MS basal medium for germination. The samples at different ger-
minating stages of zygotic embryo axes were collected within 8-9 
days for extraction of protein. 

The pods collected from the field grown plants were washed in 
liquid detergent (teepol) solution (5%, v/v) for 15 min and rinsed 
thoroughly in distilled water. The immature pods were surface steri-
lized with 70% ethanol for 1 min and followed by 0.1% HgCl2 for 20 
min and rinsed three times in distilled water. Immature seeds were 
removed from the pods and further experiments were carried out 
under sterile conditions. Immature seed was sterilized in by 70% 
ethanol for 1 min followed by 0.1% of HgCl2 for 20 min and rinsed 
three times in sterile double distilled water. Immature zygotic 
embryo axis were excised and cultured on MS medium (Murashige 
and Skoog, 1962) with 18.1 µM/l 2,4-D., containing 3% sucrose and 
0.85% agar for Induction of somatic embryogenesis. Somatic em-
bryos derived from 60 day-old cultures of immature zygotic  embryo  
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axes raised in the presence of 18.1 µM/l 2,4-D were transferred to 
MS basal medium for germination. 

Somatic embryos at various germinating stages corresponding to 
similar stages of germinating zygotic embryo axes were collected at 
different intervals of 5 - 40 days of culture on MS basal medium and 
used for protein extraction. In order to have representation of the 
profile of the entire germinating zygotic and somatic embryos, 
tissue slices cut horizontally along the length of germinating zygotic 
and somatic embryos were used for protein extraction in order to 
have a representation of the whole tissue of germinating embryos. 
 
 
Protein extraction 
 
All the samples mentioned above were weighed 100 mg each and 
ground in a pre-chilled motor and pestle in 1 ml of 50 mM Tris Hcl 
buffer (pH 5.7) containing 5 mM MgCl2, 2mM K2HPO4, 1mM EDTA, 
5 mM DTT, 2 mM KH2PO4, 5 mM DTT, 2% PVP, 20% glycerol, 1 
mM NaF, 10 mM �-mercaptoethanol, 2 mM PMSF and while 
extracting 0.5 ml of n-hexane (per 100 mg sample) was added to 
the sample. After homogenization, the samples were centrifuged at 
4°C for 20 min at 12,000 rpm. The supernatant was taken and 
soluble protein content was estimated by Lowry’s (1951) method 
with minor modifications as given below 
 
 
Protein estimation by Lowry’s method 
 
Solution A consisted of 4% sodium carbonate in 0.2 N sodium 
potassium tartrate, Solution B consisted of 1% cupric sulphate, and 
Solution C was 2% Sodiumpotassium tartrate and Solution D was 
1N Folin’s reagent (commercial). The working solution was obtained 
by mixing solutions A, B, C in a ratio of 23:1:1 and this solution 
were used within 24 h of preparation. One ml of the working solu-
tion was added to one ml of protein sample, mixed well and allowed 
to stand for 1 min. Then 0.2 ml of solution D was added rapidly 
while vortexing the sample. After 30 min, absorbance of the sample 
was recorded at 750 nm. Bovine serum albumen (BSA Fraction V) 
was used as a standard protein (5 - 50 �g).  
 
 
SDS-PAGE 
 
Sodium dodecylsulphate polyacrylamide gel electrophoresis (SD-
PAGE) was performed following the method of Laemmli (1970) with 
minor modifications. The separation of proteins was performed in 
5% stacking gel and 10% resolving gel. Both the resolving and 
stacking gel contained 2.4% bisacrylamide as a cross linker and 
0.1% SDS. The final buffer concentrations were 0.45 M Tris Hcl pH 
(8.9) in resolving gel and 0.2 M Tris HCl (pH 6.7) in stacking gel. 
Ammonium persulphate and N,N,N,N-tetra methylethylene 
diamines (TEMED) were used as polymerizing reagents in final 
concentration of 0.05 and 0.1% respectively. The electrode buffer 
comprised of 0.0247 M Tris HCl and 0.19 M glycine and 0.1% SDS 
in one liter of distilled water (pH 8.3). The samples were mixed with 
sample buffer consisting of 0.5 M Tris Hcl (pH 6.8) and boiled at 
90°C for 3 min. The samples (10 - 20 �l) having 50 �g protein were 
loaded in slab gel wells of the gel of 8 x 8 x 0.1 cm dimension which 
was polymerized in plain glass plates and was fixed to Broviga 
(India) vertical slab gel apparatus. Gels were run at room 
temperature at a voltage of 75 and 100 DC (direct current) for 
stacking and resolving gel, respectively. Electrophoresis was 
carried out until the bromophenol blue dye marker reached about 3-
4 mm from the bottom of the gel. Then the gels were removed, and 
stained overnight with 0.25% (w/v) Commassie Brilliant Blue R 250 
in methanol: glacial acetic acid: water (50:7:43) v/v. Medium range 
molecular weight marker (Bangalore Genei, Banglore, India, Pvt. 
Ltd.) was used for calibration. 
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Figure 1a. Different stages of germinating zygotic embryo axes obtained after different 
intervals of 7 days after culture on MS basal medium. 

 
 
 

 
 
Figure 1b. Different stages of germinating somatic embryo obtained after different 
intervals of 40 days after culture on MS basal medium. 

 
 
 
Protein phosphorylation 
 
Collection of the sample, protein extraction and protein estimation 
was similar as for the SDS-PAGE. Protein phosphorylation was 
carried out in 3 steps. Phosphorylation of the protein sample, sepa-
rations of the protein samples by SDS-PAGE as described pre-
viously and exposing the gels to X-ray films. 

Total protein of 20 �g (10-20 �l) was taken and mixed in 5x 
reaction mixture with 1 M Tris HCl containing 1 M MgCl2, and 0.1 M 
DTT. The reaction was initiated by adding 4 �Ci [�-32P] ATP to the 
reaction mixture containing the sample and incubated at room 
temperature. The reaction was terminated after 60 s by addition of 
SDS PAGE sample buffer. 

SDS-PAGE was performed as described previously and stained 
with commassie Brilliant Blue R 250 in 0.25% w/v methanol, glacial 
acetic acid and water in ratios of (50:7:43) and dried. 

The dried gels were exposed to the Kodak X-ray films by keeping 
them in the cassettes with intensifying screens and stored at -20°C 
for a week, then the X-ray films were developed and fixed with com-
mercially available developer and fixer. Autoradiograms obtained 
were compared with the dried gels for determination of accurate 
molecular weights of the proteins. 
 
 
RESULTS 
 
Protein profiles at various stages of germination of soma- 

tic embryos were compared with germinating zygotic 
embryos. Cotyledonary staged somatic embryos isolated 
from 60 day-old cultures were placed on MS basal 
medium for germination. Various stages of germinating 
stages of zygotic embryos were obtained within 7 days of 
culture on basal medium (Figure 1a). However, germi-
nating stages of somatic embryos comparable to zygotic 
embryos in terms of morphology were obtained at 
different intervals of 40 days of culture on basal medium 
(Figure 1b). Many proteins which were expressed in 
cotyledonary somatic embryos (isolated from 30 day old 
cultures) were also present in zygotic embryos obtained 
from mature, dry seed (Figure 3). 

However, the intensity of 22-kDa proteins was much 
higher in zygotic embryos in comparison to cotyledonary 
somatic embryos isolated from 60-day-old cultures. The 
intensity of 65 kDa protein decreased at 2nd stage and al-
most undetectable in the subsequent stages of germi-
nation of zygotic and somatic embryos. Protein of 22 kDa 
decreased in intensity at 3rd stage of germination of 
zygotic embryos and the intensity further decreased as 
the germination progressed. However, in germinating 
somatic embryos, this  protein  decreased  in  intensity  in  



 
 
 
 

 
 
Figure 2. Protein patterns of somatic embryos during 
different stages of germination. Lane.1, Molecular weight 
marker in kilodaltons; Lane 2, somatic embryos derived 
from 60 day-old culture; Lanes3-6, different germinating 
stages of somatic embryos. 

 
 
 

 
 
Figure 3. Protein patterns of embryo axes during different 
stages of germination. Lane 1, Molecular weight marker in 
kilodaltons; Lane 2, zygotic embryo axes derived from 
mature, dry seed; Lanes 3-6, different germinating stages 
of zygotic embryo axes. 

 
 
 
the second stage and disappeared immediately after the 
emergence of plumule and radicle (Figure 2). Proteins of 
55, 53, 27 and 25 kDa proteins did not vary in expression 
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Figure 4a. Changes in protein phos-
phorylation pattern in different stages of 
germinating somatic embryos on MS 
basal medium. Total protein extracted 
from different germinating stages of 
somatic embryos were labeled by 
addition of 4 µCi[�-32P] ATP in phos-
phorylation reaction mixture at room 
temperature, separated by SDS-PAGE 
and exposed to X-ray films for 5 days.  
Lane 1, cotyledonary somatic embryos 
derived from 60 day old culture; Lanes 2-
4, different stages of germinating somatic 
embryos. 

 
 
 
during different stages of germination of somatic and 
zygotic embryos. There was rapid accumulation of 28 
kDa protein in germinating zygotic and somatic embryos 
at the 3rd stage and persisted during the subsequent 
stages of germination. The increased accumulation could 
be possibly attributed to emergence of radicle and plu-
mule from germinating zygotic and somatic embryos. 
Many proteins decreased in intensity or disappeared at 
the 3rd stage of germination of somatic embryos unlike in 
zygotic embryos where they persisted even at 5th stage of 
germination. 

Same samples were taken to study changes in protein 
phosphorylation of various stages of germinating somatic 
and zygotic embryos. A clear difference was observed in 
pattern of protein phosphorylation in germinating somatic 
and zygotic embryos. A phosphoprotein of 50 kDa that 
was heavily phosphorylated in mature zygotic embryos at 
second stage of germination disappeared in 3rd stage of 
germination. In contrast, germinating somatic embryos 
showed an enhanced phosphorylation of 50 and 43 kDa 
proteins until 3rd stage followed by a drastic reduction in 
the level of  phosphorylation at 4th stage (Figure 4a,b).  In  
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Figure 4b. SDS-PAGE analysis of total 
proteins of different stages of germi-
nating somatic embryos. Lane 1, 
Cotyledonary somatic embryos isolated 
from 60 day old culture; Lanes 2-4, 
different stages of germinating somatic 
embryos. 

 
 
 
addition, phosphoproteins of 68 and 65 kDa specifically 
appeared in the 3rd stage of germination of somatic em-
bryos and were not observed during any germinating 
stages of zygotic embryos (Figure 5a, b).In addition, 
phosphoproteins of 97, 65, 61 and 43 kDa exhibited dif-
ferential phosphorylation during different stages of germi-
nation of zygotic and somatic embryos.  
 
 
DISCUSSION  
 
Zygotic and somatic embryos displayed differences with 
regard to expression of many proteins that were detec-
table as clear bands during later stages of germination of 
zygotic embryos whereas they appeared in low intensity 
or absent in the corresponding stages of somatic em-
bryos. A rapid decline in 65 kDa proteins observed im-
mediately following germination of somatic and zygotic 
embryos indicates that it is a storage protein. Like zygotic 
embryos, the availability of food reserves, presence of 
germination associated proteins and phytohormones re-
gulate germination and conversion of somatic embryos to 
seedlings. For examples, in alfalfa, increased levels of 
storage proteins and free amino acid accumulation, but 
not starch, were correlated with increased rate of somatic 

 
 
 
 

 
 
Figure 5a. Changes in protein phos-
phorylation pattern of germinating zygotic 
embryo axes are cultured on MS basal 
medium. Total protein extracted from dif-
ferent germinating stages of zygotic embryo 
axes were labeled by addition of 4 µCi[�- 32P] 
ATP in phosphorylation reaction mixture at 
room temperature, separated by SDS-PAGE 
and exposed to X-ray films for 5 days. Lane 
1, Mature zygotic embryo axes; Lanes 2-4, 
different stages of germinating zygotic 
embryo axes.  

 
 
 
embryo germination and conversion and increased vigour 
of seedlings (Horbowioz et al., 1995; Lai and Mckersie, 
1994a). Faure and Aarrouf (1994) compared the meta-
bolism of starch and lipids in somatic and zygotic 
embryos of grapevine; one remarkable difference was 
that somatic embryos of somatic genotypes were unable 
to use their reserves and this possibly led to their inability 
to germinate into plantlets. Komatsuda (1992) reported 
that soybean seed storage proteins (�-conglycinin and 
glycinin) accumulated in somatic embryos under tissue 
specific and stage specific control analogous to that in zy-
gotic embryos. These proteins quickly disappeared from 
somatic embryo cotyledons during germination in a 
fashion similar to that for zygotic embryos Xiang et al. 
(2007) also detected similar proteins during somatic 
embryogenesis  in  Freesia  refracta  differential    pattern  



 
 
 
 

 
 
Figure 5b. SDS-PAGE analysis of total 
proteins of different stages of germinating 
zygotic embryo axes. Lane 1, Mature zygotic 
embryo axes; Lanes 2-4, different stages of 
germinating zygotic embryo axes. 

 
 
 
observed for 50 kDa proteins during the first three 
germinating stages of zygotic and somatic embryos imply 
that bio-chemical events that follow germination are not 
completely identical for somatic and zygotic embryos. 

However, a complete absence of 50 kDa phosphorprotein 
in 4th stage of germination of zygotic embryos while its 
presence at a minimum level in the corresponding stage 
of somatic embryos suggests that phosphorylation/de-
phosphorylation of this protein plays an important role in 
later stages of germinating somatic and zygotic embryos. 
The network of post-transcriptional and post-translational 
modifications ensures temporally and spatially appro-
priate patterns of downstream related gene expression 
(Elisabetta et al., 2008). 

The analysis of protein synthesis in developing em-
bryos from different plant species shows that is possible 
to distinguish group of polypeptides specific to the dif-
ferent developmental stage. One of these groups in-
cluded polypeptides that became abundant during zygotic 
embryo maturation period of cotton (Galauga et al., 
1981), wheat (Quatrano, 1986), maize (Sanchez Matinez 
et al., 1986) and rapidly disappear during early germi-
nation. This is an attempt made to investigate changes in 
protein phosphorylation during different developmental 
stages of somatic and zygotic embryogenesis  in  ground- 
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nut, which would help us in various morphological, phy-
siological, and genetically related studies of embryo-
genesis in groundnut. This study also provides us the 
knowledge of storage proteins and LEA (late embryo-
genic) proteins, which help in overcoming the problems of 
seed dormancy and germination in various cotyledonary 
and dicotyledonary plant species.  
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