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Abstract The regeneration system was established and the genetic transformation was processed, using the mature seeds of 

Puccinellia chinampoensis as explants. The results showed that the callus induction rate could reach to 39.75% after 19days of 

induction with the altered mediumⅠ (adding 4 mg/L 2,4-D, 500 mg/L proline and 500 mg/L glutamine) (pH5.8~6.0). When using 

the modified medium S (adding 2 mg/L 2,4-D, 1 mg/L ABA, 500 mg/L proline and 600 mg/L caseinhydrolysate) (pH5.8~6.0) as the 

subculture medium, we can get much more embryogenic callus. The differentiation rate could reach to 53.73% using the 

differentiation medium (MS as the basic medium, adding 0.4 mg/L ABA, 0.04 mg/L IAA, 500 mg/L proline and 600 mg/L 

caseinhydrolysate) (pH5.8~6.0). On the genetic transformation, the transformation efficiency was best when the infect time lasted  

30 min, making using of the Agrobacterium tumefaciens mediated pBI121-GUS transformation when OD600 reached to 0.8~1.0. 
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Background 
With the expansion of soil salinization globally, 
discovering the salt and alkali tolerance mechanisms 
of plants is the important evidence for improving the 
development and utilization of salty and alkali soil 
(Flowers et al, 2004). Puccinellia chinampoensis is a 
kind of pioneer plant growing well in the salt and 
alkali soil, and it has the other advantages such as low 
temperature tolerance and good palatability, so it is the 
excellent grass for pasturage. It has been screened out 
to manage the salinization since 1980s and have 
achieved good results in China (Wang et al., 2004). At 
the present time, researches of Puccinellia chinampo- 
ensis are focused on the structural anatomy, 
physiology ecology and molecular biology and so on. 
Separating functional genes related to salt and alkali 
stresses from salt plants is the key to discuss the 
molecular mechanism of plant salt tolerance and to 
breed the new vatieties of plants. Puccinellia chinam- 
poensis is not only an excellent grass, but also a 
precious resource providing a wealth of salinity 

tolerance genes. 

In this study, we discussed a series of culture 
conditions of callus induction, plant regeneration and 
genetic transformation of Puccinellia chinampoensis, 
which provided the technical support and theoretical 
basis for the further exploring the genetic improvement 
and cellular breeding engineer.  

1 Results and Analysis 
1.1 Impact on the callus induction of hormone 2,4-D 
After 7~9 days’ culture on the induction medium, 
callus would be induced out at the base of embryo. It 
can reduce the induction time at the light cultivate 
condition, but at this time, the embryo will grow into a 
seedling shoot at low concentrations of 2,4-D, which 
can inhibit the induction of callus. To prevent the 
formation of seedling shoot, more 2,4-D was 
supplemented, and when it reached to 4 mg/L, the 
induction rate could be reached to 39.7% after 14 
days’ cultivation (Table 1; Figure 1). Additionally, the 
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induction rate will increase as the prolonged induction 
time at a degree. 

Table 1 Influence of different concentrations of 2,4-D on callus 
induction of seed after 14 days’ culture 

Medium   2,4-D (mg/L) Induction rate (%) 

MS 3 34.97 
MS  4 39.75 
MS 5 31.63 
MS 6 29.51 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Influence of different concentrations of 2,4-D on 
callus induction after 14 days’ culture 

1.2 Influence of different basic medium on callus 
induction of seed 
The different basic media, containing different 
nutrient contents and compositions, have obviously 
different effect on callus induction. On the MS 
medium supplemented with 4 mg/L 2,4-D, the callus 
induction of seed reaches to the summit (47.52%) 
(Table 2). However, the callus appeared differently on 
the different basic media. On the MS medium 
containing 4 mg/L 2,4-D, the callus induced out 
seemed white, texture soft and prone to have wet and 
sticky surface, which is also named water-like callus 
and can be sure of non-embryogenic callus. On the N6 
medium containing 4 mg/L 2,4-D, the callus looks to 
be lightly yellow, texture loosen and have a dry 
surface, but less callus formed. However, in this study, 
using the altered medium Ⅰ supplemented with 4 mg/L 

2,4-D, we got the best result. The induced callus looks 
to be lightly yellow, texture compact, surface dry and 
have the granular appearance, which is thought to be 
embryogenic callus basically. (Table 2 and Figure 2). 
 
Table 2 Impact of different induction mediums on the callus 
induction after 18 days’ cultivation 

Medium 2,4-D (mg/L) Induction rate (%) 
N6 4 23.15 
MS 4 47.52 
Altered medium Ⅰ 4 41.33 

 
 
 
 
 
 

Figure 2 Impact of different induction mediums on the callus 
induction after 18 days’ cultivation 

1.3 Impact of different media on callus subculture 
The growth of callus was monitored to be distinctly 
different under different subculture media. Among 
these media, the growth rate of callus was the highest 
under the MS medium (11.69±3.24)%, followed by 
the altered medium S, and the worst on the medium 
N6 (9.65±2.87)%. Although the callus grew faster 
than others, it seemed to be loosen, friable and almost 
non-embryogenic. Callus on the N6 medium grew 
slower than that on the MS medium, but the callus had 
dense texture and almost is embryogenic. The growth 
of callus on the altered medium S was between that of 
MS and N6 (Table 3). Therefore, the altered medium S 
was chosen to be the basic subculture medium. MS 
medium contains a large number of ammonium 
nitrogen, which can stimulate the multiplication of 
callus cells, and N6 medium containing a lot of nitrate, 
which can be prone to form the dense texture to 
maintain the embryogenic callus. The modified 
medium S combines the advantages of the two above 

Table 3 Impact of different mediums on callus subculture after 20 days’ cultivation 

Medium       2,4-D (mg/L) W0 (g) W1 (g) Growth rate (%) 

MS 2 1.0195 3.3590 11.69±3.24 
N6 2 0.9670 2.8976 9.65±2.87 
Modified medium S 2 0.9083 3.0702 10.81±3.16 

Note: W0: Referred to the weight at the beginning of inoculation; W1: Referred to the weight after 20 days’ of cultivation on the 
different subculture media 
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media, which can be more conducive to the formation 
of embryogenic callus and improve the quality of 
callus, useful to the differentiation of the next step. 

1.4 Impact of hormone ABA on the callus subculture 
Abscisic acid (ABA) is a plant hormone with high 
activities. It plays an important role in increasing 
induction rate and improving the quality of callus. 
Although a certain concentration of ABA can reduce 
callus growth rate, it is very useful to improve the 
status of callus to be conducive to the formation of 
embryogenic callus. Our studies indicated that the 

growth rate and the state of callus reached to the best, 
and it is prone to form the embryogenic callus with 
dense texture and dry appearance when the callus was 
cultivated on the medi um supplemented 1 mg/L ABA 
(10.54±0.81) %. However, as the concentration of 
supplemented ABA increasing, the induced callus will 
grow to be brown and a large number of hairy roots 
will grow up (Table 4). Therefore, it is very useful for 
the callus growth to supplement 1 mg/L ABA into the 
subculture medium. 

Table 4 Impact of different concentrations of ABA on callus subculture after 20 days’ cultivation 

Medium       ABA (mg/L) W0 (g) W1 (g) Growth rate (%) 

Modified medium S 0 1.172 7 3.452 7 11.40±3.73 
Modified medium S 1 0.897 1 3.005 6 10.54±0.81 
Modified medium S 2 0.900 2 2.834 6 9.67±3.25 

Note: W0: Referred to the weight at the beginning of inoculation; W1: Referred to the weight after 20 days’ of cultivation on the 
different subculture media 
 

1.5 Effect of different hormone concentrations on 
the callus differentiation 
In this study, we discussed the effects of different 
hormone combination ratios and hormone 
concentration supplemented into the differentiation 
medium. We found that when the hormone 
combination ratio (C6-BA: CIAA) is 10:1, different 
contents of hormone containing in the medium will 
have different effects on the callus differentiation. 
High concentration of hormone will negatively affect 
the differentiation, increase the browning rate, and 
even directly lead to the death of callus cells. When 
the concentrations of 6-BA and IAA supplemented is 
0.4mg/L and 0.04 mg/L, the callus differentiation rate 
reaches up to 53.73% (Table 5; Figure 3). To prevent 
browning, 500 mg/L proline was supplemented into 
the induction, subculture and differentiation media. 

1.6 Infection time of Agrobacterium have an impact 
on the callus genetic transformation 
Infection time of Agrobacterium have an obvious 
effect on the transformation efficiency. Long time of 
infection will inhibit the growth of the receptor, hard 
to get the tranformants, but short time of infection go 
against the attachment of Agrobacterium to the 
receptor and decrease the transformation rate. In this 
study, the result showed that the transient expression  

Table 5 Callus differentiation at different concentrations when 
hormone ratio (6-BA:IAA) is 10:1 

Medium  Differentiation rate (%)  Browning rate (%) 

1 12.56±1.84 80.34±1.66 
2 25.42±1.76 70.23±1.42 

3 42.35±1.68 50.45±1.59 
4 47.42±1.87 15.14±1.68 
5 53.73±3.34 12.23±1.28 
6 39.53±1.79 10.12±1.24 

Note: 1~6 means to the different amounts of hormone adding 
into the basic medium; 1, 6-BA 4 mg/L and IAA 0.4 mg/L; 2, 
6-BA 2 mg/L and IAA 0.2 mg/L; 3, 6-BA 1 mg/L and IAA  
0.1 mg/L; 4, 6-BA 0.5 mg/L and IAA 0.05 mg/L; 5, 6-BA  
0.4 mg/L and IAA 0.04 mg/L; 6, 6-BA 0.3 mg/L and IAA  
0.03 mg/L 
 
 
 
 
 

 

 
 
 
 

Figure 3 Callus differentiation at different concentrations of 
hormone when the ratio of C6-BA: CIAA is 10:1 
Note: RD refers to the rate of callus differentiation. Note: 1-6 
means to the different amounts of hormone adding into the 
basic medium as Table 5. 
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efficiency of GUS gene by 15 minutes of infection is 
31.43%, 30 minutes’ infection is 47.14% and 45 
minutes’ infection is 27.14% (Table 6). As shown in 
Figure 4, the callus looked to be darker by GUS 
staining after 30 and 45 minutes of infection than that 
of 15 min of infection. But when the callus was 
infected by Agrobacterium containing GUS gene 45 
minutes, the transient expression efficiency was low 
(Table 6). These results indicate that 30 minutes of 
infection was appropriate to the transformation of 
recombinated Agrobacterium (OD600≈0.8~1.0). 

Table 6 Result of Puccinellia haupitiana embryo callus transf- 
ormation efficiency at different dipping time 

Infection  
time (min) 

Differentiation  
rate (%)       

Browning  
rate (%) 

15 12.56±1.84 80.34±1.66 
30 25.42±1.76 70.23±1.42 

45 42.35±1.68 50.45±1.59 

Note: NT refers to the total number of callus involved in the 
infection test; NB refers to the number of callus turning to be 
blue by GUS staining that meant the transient expression of the 
GUS gene 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 GUS staining of callus with different infection time by 
recombinated Agrobacterium containing GUS gene 

 
2 Discussion 
In summary, 2,4-D is a necessary regulator in the 
process of callus induction of gramneal plants 
(Mitsuoka et al., 1994). In this study, the highest 
induction rate we have got is 39.75% using the altered 

medium I supplemented with 4 mg/L 2,4-D as the 
induction medium (Table 1 and Figure 1). Among the 
grass family, the callus induction of Puccinellia 
chinampoensis needs more 2,4-D than others. Besides 
this regulator, the composed elements, such as C 
source (Lee et al., 2002), N source (Grimes and 
Hodges, 1990), amino acids (Ozawa and Komamine, 
1989) (Chowdhry et al., 1993) and iron salts, can also 
affect the callus induction. Adjustment the contents of 
these elements can change the induction rate, as 
shown in Table 2 and Figure 2. 

In the process of callus subculture, adding a certain 
amount of ABA can effectively improve the quality of 
callus (Higuehi and Maeda, 1990). In the callus 
induction and subculture process, the rational use of 
nitrate and ammonium nitrogen will be more 
beneficial to the formation of embryogenic callus (Ge 
et al., 2006), which was determined in this study 
where the modified medium S was chosen to be the 
best medium for the callus subculture (Table 3). 

About the callus differentiation, proembryogenic 
masses (PEMs) in the embryogenic callus can 
gradually develop into somatic embryos at appropriate 
culture conditions, and further differentiate into a 
complete plant (Arnlod et al., 2002). However, 
non-embryogenic callus is composed by relatively 
bigger cells, which have large vacuoles but little 
cytoplasm, and there are less PEMs in the surface of 
callus. High proportion of cytokinin / auxin is more 
conducive to callus shoot differentiation, but if the 
hormone levels are too high, it will reduce the 
differentiation rate and increase the callus browning 
(Laukkanen et al., 1999), as shown in Table 5. A 
certain amount of proline added into the induction, 
subculture and differentiation media can suppress the 
callus browning (Tang and Newton, 2004). 

In the callus genetic transformation test by Agrobacterium, 
the infection time is one of the primary factors that 
affect the transformation rate. Long time of infection 
will inhibit the growth of the receptor, hard to get the 
tranformants, but short time of infection go against the 
attachment of Agrobacterium to the receptor and 
decrease the transformation rate (Peng et al., 2005). To 
the callus transformation of Puccinellia chinampoensis 



 

Bioscience Methods 
BM 2011, Vol.2, No.5  http://bm.sophiapublisher.com 

 - 36 -

in this study, 30 minutes was the best infection time 
by Agrobacterium containing GUS gene when the 
OD600 of the suspended liquid reached to 0.8~1.0 
(Table 6; Figure 4). 

3 Materials and Methods 
3.1 Materials  
Seeds of Puccinellia chinampoensi. Puccinellia seed 
will be soaked at 4℃ with distilled water for 4 to 7 
days. After drying seeds, the seeds soaked in 75% 
alcohol 1 min, and wash 3 to 4 times with sterile water, 
and then soak them with 10% Sodium hypochlorite 
for 30 minutes, then rinse 3~5 times with sterile water, 
finally, dry them for later use in the clean bench. 

Strains: Agrobacterium EHA105 containing plasmid 
PBI121-GUS (Agrrobcrcterum tumefaciens) 

3.2 Callus induction conditions 
On the basic medium (MS +500  mg/L proline +500  mg/L 
glutamine +30 g/L sucrose +0.8% agar (pH5.8~6.0)), 
adding different concentrations of 2,4-D: 0 mg/L,   
1 mg/L, 2 mg/L, 3 mg/L, 4 mg /L, 5 mg /L, 6 mg /L as 
the induction medium; On the basic medium (MS 
medium, N6 medium, altered medium I) (Mitsuoka et 
al., 1994), adding 4 mg/L 2,4-D, 500 mg/L proline, 
500 mg/L glutamine, 30 g/L sucrose, 0.8% agar 
(pH5.8~6.0) as the induction medium. After the 
disinfection of mature dry seeds , the callus were 
inoculated into induction medium, placed in 25 ± 10 C, 
80umol / (m2 • s) light intensity, illumination time was 
12 h/d for 2 weeks under the conditions. 

3.3 Callus subculture conditions 
On the basic medium (MS medium, N6 medium, 
modified medium S (Mitsuoka et al, 1994) 
respectively), adding 2 mg/L 2,4-D, 500 mg/L proline, 
600 mg/L hydrolyzed casein, 30 g/L sucrose, 0.8% 
agar (pH5.8~6.0) as a subculture medium; and then on 
the basic medium (S +2 mg/L 2,4-D +500 mg/L proline 
+600 mg/L +30 g casein hydrolyzate/L sucrose +0.8% 
agar (pH5.8~6.0)), adding 0 mg/L, 1 mg/L and 2 mg/L 
ABA as a subculture medium. after subculturing , 
placed the plates under 25±10 C, 80 umol/ (m2 • s) 
light intensity, illumination time was 12 h/d under the 
conditions of culture and subculture period of 20 d. In 
the course of subculture, we select the drier, more 

compact growth good yellow embryogenic callus, not 
the non-embryogenic callus.   

3.4 The differentiation conditions of the callus 
On the basic medium (MS +500 mg/L proline +600 mg/L 
hydrolyzed casein +30 g/L sucrose +0.8% agar 
(pH5.8~6.0)), adding the mixture (cell division: The 
ratio of 10:1: Auxin Add 6-BA 4 mg/L, 2 mg/L, 1 
mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L and IAA 0.4 
mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L,  0.04 mg/L, 
0.03 mg/L respectively) as the differentiation medium, 
inoculated embryogenic callus twice subculturing, 
placed them under (25±10)℃, 80 μmol / (m2 • s) 
light intensity, illumination time was 14 h/d. 

3.5 Genetic transformation of the callus 
The good growth embryogenic callus selected，afer 
preculturing， were then cultured and infected with 
the Agrobacterium suspension (OD600 of 0.8 to 1.0) 
containing PBI121-GUS plasmid. The time course 
was 15 min, 30 min and 45 min respectively. After 
that，co-cultured  process was made in the medium 
for 7 d. Before GUS staining, in order to get rid of the 
bacteria, we filtrate the callus with vacuum pump. 
Finally，the efficiency of genetic transformation was 
measured under the different infection time. 
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