
Wheat seed germination based on α-amylase activity to 
study promoting mechanism of Bacillus subtilis QM3

ABSTRACT: The mechanism of promoting wheat seed germination by Bacillus subtilis has 
been paid great attention by many scholars. The germination rate and α-amylase activity 
of wheat seeds were significantly increased after germinating with Bacillus subtilis QM3 in 
this paper. Inhibitor and promoter of α-amylase were used to study relationship between 
bacteria and α-amylase. Compared with inhibitor group (10 mmol.L-1 EDTA), α-amylase 
activity of seeds treated by B. subtilis QM3 (106 CFU.mL-1) increased by 19.8%. It indicates 
that the inhibition has been alleviated. Similarly, α-amylase activity of co-treated group 
(2 mmol.L-1 CaCl2 and 106 CFU.mL-1 B. subtilis QM3) was higher than that of the promoter 
alone, reaching 14.9%. Furthermore, the results of α-amylase isozyme electrophoresis 
showed that there were three isozyme types in the gels, and the expression of α-amylase 
isoenzyme was significantly increased after treatment with B. subtilis QM3 (106 CFUmL.-1), 
which was reflected in the width and brightness of band mainly, especially band Cα. In 
addition, germination rate, α-amylase activity and isozyme electrophoresis of other three 
kinds of wheat seeds were also tested and similar results were obtained. Therefore, one 
of the possible mechanisms by which B. subtilis QM3 promotes seed germination is as a 
potential exogenous factor that can enhance activity and expression of α-amylase.

Index terms: amylase, Bacillus subtilis, germination rate, promoting mechanism, wheat.
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RESUMO: O mecanismo de promoção da germinação de sementes de trigo por Bacillus 
subtilis tem sido bastante estudado. A taxa de germinação e a atividade de α-amilase de 
sementes de trigo foram significativamente aumentadas após a germinação com Bacillus 
subtilis QM3 neste estudo. Um inibidor e um promotor de α-amilase foram utilizados   
para estudar a relação entre bactérias e α-amilase. Em comparação com o grupo inibidor 
(10 mmol.L-1 EDTA), a atividade da α-amilase das sementes tratadas com B. subtilis QM3 
(106 CFU.mL-1) aumentou 19,8%, indicando que a inibição foi reduzida. Da mesma forma, 
a atividade da α-amilase do grupo co-tratado (2 mmol.L-1 CaCl2 e 106 UFC.mL-1 B. subtilis 
QM3) foi superior à do promotor sozinho, chegando a 14,9%. Além disso, os resultados da 
eletroforese da isoenzima α-amilase mostraram que havia três tipos de isoenzimas nos géis, 
e a expressão da isoenzima α-amilase foi significativamente aumentada após o tratamento 
com B. subtilis QM3 (106 UFC.mL-1), o que se refletiu principalmente na largura e brilho 
das bandas, especialmente Cα. Além disso, a taxa de germinação, atividade de α-amilase 
e eletroforese de isoenzimas de outros três tipos de sementes de trigo também foram 
testados e resultados semelhantes foram obtidos. Portanto, um dos possíveis mecanismos 
pelos quais B. subtilis QM3 promove a germinação de sementes é como um potencial fator 
exógeno que pode aumentar a atividade e a expressão da α-amilase.

Termos para indexação: amilase, Bacillus subtilis, taxa de germinação, mecanismo promotor,  trigo.
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INTRODUCTION

Wheat (Triticum aestivum L.) is an important crop in China and even in the world. Because it is easy to artificially 
cultivate and maintain normal growth in the laboratory, it is widely used as a model organism to study the influence of 
environmental factors on seed germination. Seed germination is the beginning and crucial stage of plant growth and 
development, which is strongly related to seedling survival rate and grain yield (Han et al., 2017). Seed germination is 
the process in which seeds recover embryo growth and grow into seedlings (Bewley and Black, 1995), and it is a precise 
interaction process of catabolism and anabolism (Bewley, 1997). 

The main storage substance in wheat seeds is starch, which belongs to starch seed. Amylase hydrolyzes the 
storage material in the endosperm to provide energy and substrate for seed germination (Zhang et al., 2010). Amylase 
is generally considered to be the key enzyme for crop seed germination. Amylases include α-amylase, β-amylase and 
limiting dextrin. B-amylase (α-1,4-glucan malt hydrolase, E.C. 3.2.1.2) is an exo-hydrolase, that cannot work inside 
starch molecules. However, β-amylase can hydrolyze the non-reducing ends of α-1,4 glycosidic bonds on starch, and 
sequentially cut off a maltose unit to release β-maltose and β-limit dextrin (Wu et al., 2011). A-amylase (EC number 
3.2.1.1: 1,4-α-D-glucan glucanohydrolase), an endo-hydrolase which belongs to glycoside hydrolase family 13, acts 
on α-1,4-glycoside linkages of starch. Α-amylase is synthesized and secreted by the scutellum and aleurone layer, and 
it plays a key role in starch degradation during seed germination (Cheng et al., 2014; Elarbi et al., 2009). 

Studies on wheat germination mainly focused on: (1) The effects of signal molecules on seed germination such 
as: NO (Zhang et al., 2009), CO (Liu et al., 2010), reactive oxygen species (Hayat and Bailly, 2008) and so on; (2) The 
effects of hormones on seed germination (Lei et al., 2014). B. subtilis QM3 is a rhizosphere growth promoting bacteria. 
Previous studies have shown that B. subtilis QM3 can promote the germination and growth of wheat seeds and 
enhance the activity of amylase (Hu et al., 2013; Hu et al., 2019). In the early stage of wheat germination, B. subtilis 
QM3 can increase β-amylase activity (Li and Hu, 2020a). The purpose of this study was to based on α-amylase activity 
and α-amylase isoenzyme to study promoting mechanism of B. subtilis QM3 on wheat seed germination and lays a 
foundation for B. subtilis QM3 further use to agricultural production practices.

MATERIAL AND METHODS

Bacteria materials

B. subtilis QM3 used in the present study come from the microbiological lab, College of Life Science, Shanxi Normal 
University, China (Hao et al., 2015). A culture of B. subtilis QM3 was obtained by transferring colony from the activated 
culture plate into a 250 mL flask containing 100 mL beef extract-peptone medium and shaking in an orbital shaker at 
200 rpm at 37 °C for 3 days. Centrifuged for 10 min in 3000 r.min-1. Then, the supernatant was discarded, and the cells 
were washed by sterile water three and resuspended in sterile water adjusting to OD600 of 0.8 colony-forming unit (108 
CFU.mL-1 B. subtilis QM3) (Li and Hu, 2020a). Dilute its bacterial suspension liquid 10 times, 100 times, 1000 times and 
10000 times to reserve.

 Seed material

Seeds of the Jinmai No.101, Jinmai No.97, Linhan No.9, Jinmai No.47 (Triticum aestivum L.) came from Shanxi Academy 
of Agricultural Sciences.

Seed germination

Select the wheat seeds with full and uniform grain size, sterilize them with 5% NaClO for 5 min, then rinse them 3-5 
times with sterile water (Li and Hu, 2020a). The seeds were soaked for 3 h. In a glass petri dish lined with filter paper 
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and gauze, add 5 mL of the corresponding solution or bacterial liquid, place the seeds on a petri dish gauze and add 
5 mL of the corresponding solution or bacterial liquid every 12 hours. All the seeds were soaked and germinated in 
darkness at 25 °C.

Different treatments of seed germination

The seeds (Jinmai No.47) were soaked in sterile water, 10 mmol.L-1 EDTA, 2 mmol.L-1 CaCl2 for 3 h. The seeds soaked 
in sterile water were cultivated with sterile water and 106 CFU.mL-1 B. Subtilis QM3, respectively. The seeds soaked in 
EDTA were cultivated with sterile water and 106 CFU.mL-1 B. Subtilis QM3, respectively. The seeds soaked in 2 mmol.L-1 
CaCl2 were cultivated with 2 mmol.L-1 CaCl2 and 106 CFU.mL-1 B. Subtilis QM3, respectively. The seeds (Jinmai No.101, 
Jinmai No.97, Linhan No.9) were soaked in sterile water for 3 h, cultivated with sterile water and 106 CFU.mL-1 B. Subtilis 
QM3. The seeds were collected at different germination stages (0, 12, 24, 36, 48, 60 and 72 h) for determination of 
α-amylase activity.

Determination of 1000-seed weight and morphological observation during seed germination

The seeds (Jinmai No.47) were germinated in sterile water and were collected at seven different germination stages 
(0, 12, 24, 36, 48, 60 and 72 h). The changes of 1000 seeds weight were tested. The morphological changes of seeds at 
seven time points of germination were observed.

Determination of germination rate

After sowing, the number of germinated seeds was recorded every 12 h. The germination rate was calculated by 
continuously recording the number of germinated seeds for 72 h.

Germination percentage (GP) = (Gt/T) ×100%. Where Gt is the number of germinations in t h, and T is the total 
number of seeds used in the test. 

Determination of α-amylase activity

The activities of amylase were measured by the method of 3,5-dinitrosalicylic acid (Elarbi et al., 2009). The 
absorbance was measured at 540 nm. The corresponding maltose curve is obtained from the standard curve and the 
enzyme activity is calculated according.

Determination of α-amylase isoenzyme

The seed 0.5 g was put into mortar containing 5 mL phosphate buffer solution (pH = 7.5) and ground to homogenate 
in ice-bath. The homogenate was collected in a centrifuge tube and centrifuged for 30 min at 10000 r.min-1 (Li and 
Hu, 2020b). The supernatant was the total amylase solution. Taking advantage of the heat intolerance of β-amylase, 
the total amylase solution was placed in a constant temperature water bath at 70 °C for 15 minutes, which was 
α-amylase solution. Α-amylase isoenzyme in wheat seeds were determined by polyacrylamide gel electrophoresis 
(Li and Hu, 2020b).

Determination Statistics analysis

All data are the average of three repetitions. The number of seeds per replications is 150. The obtained results were 
analyzed statistically by SPSS statistical software. 

RESULTS AND DISCUSSION

Seed water absorption promotes the absorption of nutrients and seed germination. With the seed germination, the 
seed morphology also changed (Figure 1a). Wheat seed inflated gradually, but appearance was relatively unchanged in 
the first 12 h. At 24 h, the structures surrounding the embryo were penetrated by the radicle, and both radicle and bud 
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were visible at 48 h. At 72 h, the plumule becomes greenish and the radicle is extended to three radicles, indicating the 
completion of seed germination and the beginning of seedling growth. It can be seen that abundant early imbibition 
establishes a basis for the mobilization of water-soluble metabolites, which provide the continuous energy for the seed 
germination and subsequent seedling growth.

During the germination process, seed weight increased with imbibition (Figure 1b). Initially, water uptake by 
the dry seed is rapid during germination. Thus, the seed weight increased quickly during the first 12 h of imbibition 
(Phase 1), after which the seed weight increases slowly from 12 to 24 h. Seed weight increase steadily from 24 
to 72 h. What is interesting is that this result is different from the triphasic pattern of seed imbibition proposed 
and defined by Bewley and Black (1995) and Bewley et al. (2013). The triphasic pattern of seed imbibition is not a 
general rule and is usually more suitable to assess individual seeds, rather than seed lots or seed samples (Pereira 
et al., 2022). Toorop (2015) proposed an alternative pattern to describe the seed imbibition process, by splitting 
the original second phase into three others related to testa and endosperm integrity. In a world, we can describe 
the curve of Figure 1b as two phase. The first Phase 1 (Figure 1b) is characterized by seed water absorption due to 
potential differences between the seed and the germination medium and by low intensity metabolic activity (Bewley 
et al., 2013).  The second phase is divided into three parts: Phase 2a (identical to the classic phase 2, from 12 h to 
24 h) is characterized by little to no seed weight variation and intense metabolic activities involved in preparing the 
seed for germination and seedling growth, with testa rupture (phase 2b, form 24 to 48) followed by endosperm 
rupture and, lastly, embryo growth at 2c (from 48 to 72).

The data shown in Table 1 are the changes of germination percentage of wheat seeds treated with different 
concentrations of B. subtilis QM3. It can be seen from the table that the germination rate of wheat seeds treated with 
different concentrations of B. subtilis QM3 is obviously different. B. subtilis QM3 can promote the germination of wheat 
seeds, especially in A3 and A4 treatment groups. Compared with control group, the germination rate of wheat seeds 
increased obviously in A3 and A4 treatment groups (p < 0.05), the germination percentage of wheat seeds treated with 
A3 and A4 respectively increased by 7%-19% and 5%-14%. Seed germination is the initial stage of plant growth and is 
easily affected by various factors (Rifna et al., 2019). It has also been reported in the literature: Exogenous biological 
and abiotic factors could improve the germination rate of seeds (Sheng et al., 2018).

Figure 1.    Grain morphology and water content changes during seed germination. a. Morphology changes. b.1000-
seed water content changes.

a

b
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Figure 2 shows the changes of α-amylase activity under different treatments during wheat seed germination. With 
the increase of germination time, α-amylase activity of wheat seeds continuous increased, and α-amylase activity 
was the highest at 72 h. Compared with the control group, 106 B. subtilis QM3 can significantly increase the activity 
of α-amylase (p < 0.05), The α-amylase activity of 106 B. subtilis QM3 group increased by 16.9%. Compared with the 
inhibitor group (10 mmol.L-1 EDTA), α-amylase activity of seeds treated by 106 CFU.mL-1 B. subtilis QM3 increased by 
19.8%. It indicates that the inhibition has been alleviated. The amylase activity of the co-treated group (2 mmol.L-1 
CaCl2 and 106 CFU.mL-1 B. subtilis QM3) was higher than that of 106 B. subtilis QM3 group, reaching 14.9%. In general, 
α-amylase is a key enzyme in seed germination. The stimulation of exogenous regulators on seed germination is mainly 
due to the increase of amylase expression and activity (Ansari et al., 2019).

The changes including the number and brightness of electrophoretic bands of α-amylase isoenzymes during 
wheat seed germination can reflect the activity and content of the α-amylase largely. Based on the above experiment 
results, B. subtilis QM3 (106 CFU.mL-1) (B) were selected and treated with sterile water as the control group (CK) for 
electrophoresis analysis of α-amylase isoenzymes (Figure 3).

There were three isozyme types, Aα, Bα and Cα were observed in the gels, and most of the α-amylase activity could be 
attributed to Cα. The band of Aα and Bα are narrow band, and the width of Cα bands is relatively greater. No bands were 
detected at 0-12 h of germination, and the bands appeared from 24 h, and the width and brightness of bands increased 
with the extension of germination time. At different germination times, the number and brightness of bands in Group B 
were different from those in the control group. At 0-12 h, no isozyme bands were detected in Group B seeds. At 24-72 h, 
the number and brightness of bands in Group B seeds were significantly different from those in CK Group, in particular, at 
germination 48 h-72 h. The results showed that B treatment could improve the activity and content of α-amylase isozymes in 
wheat seed germination, especially the specific Cα band of α-amylase isozymes. B. subtilis QM3 may increase the expression 
of α-amylase isozymes by increasing the brightness and width of Cα band, thus promoting wheat seed germination. 

In order to explore the increase of germination rate of wheat seeds was related to α-amylase under the action 
of B. subtilis QM3 (106 CFU.mL-1). Three wheat varieties (Jinmai No.101, Jinmai No.97, Linhan No.9) were selected and 
their seed germination rate, α-amylase activity and α-amylase isozymes were measured. The Table 2 showed that 
the germination rate of wheat seeds soaked by sterile water and B. subtilis QM3 (106 CFU.mL-1) during germination. 
Compared with X1, Y1 and Z1, X2, Y2, and Z2 the germination rate of seeds increased by 7-18%, 7-19%, 6-16%. Figure 4  
showed that the α-amylase activity of wheat seeds soaked by sterile water and 106 CFU.mL-1 B. subtilis QM3 at 72h. 
Compared with X1, Y1 and Z1, X2, Y2, and Z2 the α-amylase activity of seeds increased by 8.8%, 14.6%, 12.1%. Figure 5  
showed the α-amylase isozymes of wheat seeds soaked by sterile water and B. subtilis QM3 (106 CFU.mL-1) at 72 h. 
Compared with X1, Y1 and Z1, X2, Y2 and Z2, the brightness of the α-amylase bands of seeds increased, especially the 
Cα band of α-amylase isozymes bands. 

Table 1.   Effect of B. subtilis QM3 on the germination rate of wheat seeds.

Germination 
time (h)

Germination rate (%)

CK A1 A2 A3 A4 A5
24 53.5 ± 1.5 d 58.0 ± 1.0 bc 58.7 ± 1.2 bc 63.7 ± 1.5 a 61.0 ± 1.7 b 56.0 ± 1.7 c
36 63.3 ± 1.5 d 68.0 ± 1.0 bc 66.3 ± 1.5 c 71.0 ± 1.7 a 69.3 ±1.5 ab 65.7 ± 0.6 cd
48 77.3 ± 1.5 d 82.0 ± 1.0 b 82.7 ± 1.5 b 86.3 ± 1.7 a 84.3 ± 1.5 a 79.7 ± 0.6 c
60 83.7 ± 0.6 d 86.3 ± 2.1 bc 87.3 ± 1.2 cd 91.3 ± 1.5 a 89.7 ± 0.6 ab 85.0 ± 2.0 cd

72 91.0 ± 1.0 d 93.7 ± 0.6 bc 94.7 ± 0.6 bc 97.0 ± 1.0 a 95.3 ± 0.6 ab 92.0 ± 1.7 cd

CK, A1, A2, A3, A4 and A5 represent soaked in sterile water, cultivated with sterile water (CK), 104 CFU.mL-1 B. Subtilis QM3, 105 CFU.mL-1 B. Subtilis 
QM3, 106 CFU.mL-1 B. Subtilis QM3, 107 CFU.mL-1 B. Subtilis QM3, 108 CFU.mL-1 B. Subtilis QM3. The different letters represented the significant 
difference between different bacterial solution treatments at the same time (p < 0.05). 
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Figure 2. Effect of B. subtilis QM3 on the α-amylase activity of wheat seeds.

Figure 3. Effect of B. subtilis QM3 on the α-amylase isozymes.

B represent soaked in sterile water, B1 represent cultivated with sterile water, B2 represent cultivated with 106 CFU.mL-1 B. Subtilis QM3; C 
represent soaked in 10 mmol.L-1 EDTA, C1 represent cultivated with sterile water, C2 represent cultivated with 106 CFU.mL-1 B. Subtilis QM3; D 
represent soaked in 2 mmol.L-1 CaCl2, D1 represent cultivated with 2 mmol.L-1 CaCl2, D2 represent cultivated with 106 CFU.mL-1 B. Subtilis QM3. The 
different letters represented the significant difference between different bacterial solution treatments at the same time (p < 0.05).

CK and B represent sterile water treatment and B. subtilis QM3 (106 CFU.mL-1) treatment, respectively. Aα, Bα and Cα are three different α-amylase 
isozyme bands. 0 h, 12 h, 24 h, 36 h, 48 h, 60 h and 72 h are germination time of wheat seed.

Table 2.   Seed germination rate of three wheat species.

Germination 
time (h)

Germination rate (%)

X1 X2 Y1 Y2 Z1 Z2

24 59.3 ± 1.5 a 67.0 ± 1.7 b 60.0 ± 1.7 a 68.0 ± 1.0 b 60.7 ± 2.5 a 69.3 ± 1.5 b

48 68.0 ± 2.0 a 79.7 ± 1.2 b 68.7 ± 2.1 a 82.0 ± 3.6 b 70.3 ± 2.5 a 81.7 ± 3.2 b

72 87.0 ± 2.0 a 93.3 ± 1.5 b 87.7 ± 1.5 a 94.0 ± 1.7 b 89.3 ± 2.1 a 95.0 ± 1.0 b

X, Y, Z represent Jinmai No. 97, Jinmai No. 101, Linhan No. 9. X1, Y1, Z1 represent germinated by sterile water. X2, Y2, Z2 represent germinated by 
106 CFU.mL-1 B. subtilis QM3. The different letters represented the significant difference between different treatments at the same wheat variety 
and time (p < 0.05). 
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CONCLUSIONS

Exogenous B. subtilis QM3 can effectively promoted wheat seed germination as a potential factor by increasing 
α-amylase activity and of α-amylase isozymes expression.
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