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In this study, we aimed to establish a fast and powerful tool for discriminating the salt-

tolerance ability of different soybeans on the basis of a metabolomic profile. Ten soybean 

varieties with different salt-tolerance properties were selected for this study, including two 

parental soybean lines (one salt-tolerant wild soybean: W05; and one salt-sensitive cultivated 

soybean: C08) and eight hybrid offspring soybean lines (four salt-tolerant soybeans: 9H0086, 

9H0124, 9H0391 and 9H0736; and four salt-sensitive soybeans: 9H0380, 9H0400, 9H0434 

and 9H0590), which were produced by the cross-breeding of the two parental lines. They 

were cultured in 1×Hoagland nutrient solution in a greenhouse with natural light. In the salt-

treated group, soybeans were treated with 0.6% NaCl for 48 hours when they produce 3-4 

trifoliate leaves. In the control group, soybeans were cultivated under normal conditions. 

Total small molecule extracts of seedling leaves were profiled by gas chromatography-mass 

spectrometry (GC-MS) and liquid chromatography-Fourier transform mass spectrometry (LC-

FT/MS). Finally, we found that the metabonome of soybean seedling leaves was mainly 

dominated by 139 metabolites, including carboxylic acids, sugars, amino acids, fatty acids, 

alcohols, isoflavonoids, flavonoids, amines, phospholipids and pigments. The salt-tolerant 

soybean W05 contained higher amounts of disaccharides, sugar alcohols, acetylated amino 

acids and unsaturated fatty acids than salt-sensitive soybean C08, but with lower quantities of 

monosaccharides, carboxylic acids and succinylated amino acids. Based on the above 

metabolomic variations between W05 and C08, the unique salt-tolerance abilities of the other 

eight soybean lines (9H0086, 9H0124, 9H0391, 9H0736, 9H0380, 9H0400, 9H0434 and 

9H0590) were successfully determined. Further investigations demonstrated that the ability of 

soybean to tolerate salt was mainly based on the synthesis of compatible solutes, induction of 

ROS scavengers, induction of plant hormones and cell membrane modifications. This study 

was the first attempt to demonstrate that the metabolomic technology might provide a fast and 

powerful tool to discriminate the salt-tolerance characters of different soybeans. 
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 Introduction of metabolomics and soybean 

 

 Objectives, why we did this study? 

 

 Metabolic profiling of soybean leaves 

 

 Summary 
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Royston Goodacre. Metabolomics (2005) 1:1-2. 
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 Soybean 

The soybean (U.S.) or soya bean (UK) 

(Glycine max) is a member of family 

Fabaceae and the world foremost provider 

of protein and oil.  
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Pictures were downloaded from the internet, only for the research communication. 



 Salinity stress 

20% 

Pictures were downloaded from the internet, only for the research communication. 



 Salt-sensitive vs. Salt-tolerance 

(Theor Appl Genet (2010) 121:229–236) 

Glycine max 

Glycine soja 



Soybean genome diversity 

(Lam HM., et al., Nature Genetics,  2010, 42(12): 1053-61) 



 Objectives 

To investigate the altered metabolites in soybean under salinity stress 

Understanding the metabolic differences between 

salt-sensitive and salt-tolerant soybeans 

To screen the soybean seedling leaf metabolome 

Identification of plant stress tolerance elements 

and the underlying adaptive mechanisms 



1×Hoagland nutrient solution  3-4 trifoliate leaves 

0.6% NaCl  

 

48 hours 

Leaves collection 

Frozen in liquid N2 

Homogenization  

Plant material 

MeOH/H2O 80/20 (v/v)  

Supernatants  

GC–MS analysis  

LC–MS analysis  



Metabolic profiling of C08 and W05  

C08 W05 GC-MS  

LC-MS  



The metabonome of soybean seedling leaves was mainly 

dominated by 139 metabolites, including:  

 

carboxylic acids, sugars, amino acids, fatty acids, alcohols, 

isoflavonoids, flavonoids, amines, phospholipids and 

pigments.  

Metabonome of soybean seedling leaves 



a  26 metabolites were monitored by GC-MS.  b 4 metabolites were detected by both GC-MS and LC-MS systems.  

The other 109 metabolites with no notation were monitored by LC-MS  

139 metabolites 



a  26 metabolites were monitored by GC-MS.  b 4 metabolites were detected by both GC-MS and LC-MS systems.  

The other 109 metabolites with no notation were monitored by LC-MS  



Principal component analysis (PCA)                   Hierarchical cluster analysis (HCA)    

Variation in the whole metabolome  

C08 W05 C08 W05 

C08 vs. W05  



PCA 

Control vs. Salinity 

C08 

W05  

C: normal condition  

T: salt stress condition 

Variation in the whole metabolome  



Altered metabolites 

C1, C08 under normal condition;  

C2, C08 under salt stress condition;  

W1, W05 under normal condition;  

W2, W05 under salt stress condition. 

TCA  

Glycolysis 



Potential salt-tolerant mechanisms 

non-enzymatic reactive oxygen 

species (ROS) scavenger 
plant hormone 



 Eight offspring lines 



Metabolic profiling of C08 and W05  

C08 W05 GC-MS  

LC-MS  



Cluster analysis  

of eight hybrid offspring soybeans 

Orthogonal partial least square discriminant analysis (OPLS-DA) 



 

 The metabolome of soybean seedling leaves is mainly dominated by 

139 metabolites, including carboxylic acids, sugars, amino acids, fatty 

acids, alcohols, isoflavonoids, flavonoids, amines, phospholipids and 

pigments. 

 

 The levels of glutathione and ABA in W05 is higher than those in 

C08 even under normal condition. This is possibly the main reason 

why W05 is more salt-tolerant than C08.  

 

On the basis of metabolomic analysis of the two parental soybean 

lines, eight hybrid offspring soybean varieties could be discriminated 

with OPLS-DA. 
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