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Abstract. Selenium (Se) is an essential micronutrient for humans, animals and plant growth. The 

consumption of plant products containing a high Se concentration, is the most efficient and safe way of 

Se supplementation. Selenium concentrations in plants vary depending on exogenous selenium levels, 

plant species and variety. In the recent pot experiment, the effects of exogenous selenium (0, 0.5, 1.0, 2.5 

and 5 mg·kg-1) on the selenium uptake and transport of three Brassica vegetables (Brassica rapa ssp. 

chinensis L., Brassica rapa ssp. pekinensis L. and Brassica oleracea var. capitata L.) were studied. The 

expression levels of selenium metabolism related genes families, such as APS, APR, SAT, SMT, CysD 

and MMT, were also detected using qRT-PCR assays. The results showed that selenium concentration in 

leaves, stems and roots of the three Brassica vegetables increased with the increase of soil selenium level. 
The selenium concentration in the leaves of the three Brassica vegetables was the highest at selenium 

level of 5 mg·kg-1. Leaf selenium concentration of Brassica rapa ssp. chinensis L. was significantly 1.39-

3.02 times higher than that of the other two vegetables. Under the same selenium treatment, selenium 

concentration, selenium accumulation coefficient and transport coefficient of edible parts of Brassica 

vegetables were the highest in Brassica rapa ssp. chinensis L. and the lowest in Brassica oleracea var. 

capitata L. At soil selenium level of 5 mg·kg-1, the expression levels of SAT, SMT and MMT in leaves of 

Brassica rapa ssp. chinensis L. and the expression levels of SAT, APS, SMT, APR and MMT in leaves 

of Brassica pekinensis L. significantly increased. Brassica rapa ssp. chinensis L. had the best selenium 

enrichment effect among the three Brassica vegetables. 

Keywords: selenium, Brassica, bioconcentration factor, qRT-PCR, selenium metabolism related genes 

Abbreviations: Se – selenium, APS – ATP sulfurylase, APR – APS reductase, SAT – Serine 
acetyltransferase, CysD – Cysteine desulfurase, MMT – S-adenosyl-L-Met:L-Met S-methyltransferase, 

SMT – selenocysteine methyltransferase, MeSeCys – methylselenocysteine, SeMet – Selenomethionine, 

OAS – O-acetylserine, BCF – bioconcentration factor, TF – translocation factor, SeMM – methyl-

Semethionine, SMM – thiomethyl methionine 

Introduction 

Selenium (Se), a vital trace element for humans, is important for preventing disease, 

improving health, and preventing aging and has been considered a life-protecting agent 

(Gupta et al., 2016). Most soils of the world has a selenium content of 0.01-2.0 mg·kg
-1

, 

with an average content of 0.4 mg·kg
-1

. In selenium-deficient soil, Se content is less 

than 0.15 mg·kg
-1

. The world’s selenium-deficient population reaches 1.5 billion (Zhu 

et al., 2009). About 72% of China’s land area has varying degrees of selenium 

deficiency (Zhou et al., 2016). Selenium content of less than 0.05 mg·kg
-1

 in human 
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foods results in selenium deficiency, but greater than 5 mg·kg
-1

 can be toxic (Wen, 

2006). Inorganic selenium supplementation not only has the problem of low uptake and 

conversion rate, but also will adversely affect human health because of the narrow safe 

dose range of selenium (Keskinen et al., 2010; Zhao et al., 2017). Bio-selenium is the 

safest and most effective way to supplement human selenium (Ellis and Salt, 2003; 

Song et al., 2017). By absorbing and enriching exogenous selenium and converting it to 

safe and effective bioorganic selenium, crops improve human or animal selenium 

nutrition in low and selenium-deficient areas (Zhang et al., 2014; Li et al., 2015; Liu et 

al., 2017). 

Selenium levels in plants vary depending on exogenous selenium levels, plant 

species and variety (Longchamp et al., 2015; Bañuelos et al., 2016). Under the same soil 

selenium level, the selenium concentrations in fruits of different tomato varieties were 

ranked as Luobeiqi > KT30 > Defumm-8 (Zhao et al., 2017). The selenium 

concentration in shoot, stem and root of Brassica rapa Linn L. was higher than that of 

Brassica tumida Tsenet Lee L. at the same soil selenium level (Xie, 2016). However, 

there are also reports to the contrary. Yawata et al. (2010) conducted a study on three 

cruciferous crops [Indian mustard (Brassica juncea), nozawana (Brassica rapa var. 

hakabura) and komatsuna (Brassica rapa var. peruviridis)] and found that there was no 

significant difference in selenium concentration among the three crops. However, due to 

its rapid growth and larger biomass, komatsuna has higher selenium accumulation. 

ATP sulfurylase (APS) exerts a rate limiting effect on selenate reduction and 

selenium assimilation (Matich, et al., 2012; Zhang, 2014). Overexpression of APS in 

transgenic plants promoted APSe separation into AMP and selenite and increased 

selenium accumulation (Xie, 2016; Zhao et al., 2017). APR (APS reductase) is the APS 

reductase gene. Methylation is the major metabolic pathway for selenium in plants. 

After selenomethionine (SeMet) production, selenium is converted to 

methylselenocysteine (MeSeCys) by the methylation pathway under the action of 

selenocysteine methyltransferase (SMT) (Song et al., 2017). SMT activity is closely 

linked to the high accumulation of selenium in eight species of Astragalus with different 

selenium enrichment ability (Fang et al., 2017; Schiavon and Pilon-Smits, 2017). 

McKenzie et al. (2009) reported that 200 μM selenium application resulted in an over-

expression of SMT transgene in crops, which increased selenium accumulation in crops 

by 2-4 times, made MeSeCys content reach 20% of the total selenium, with MeSeCys 

directly converted to methyl second-generation selenium. In addition, CysD (Cysteine 

desulfurase), MMT (S-adenosyl-L-Met:L-Met S-methyltransferase) and SAT (Serine 

acetyltransferase) were also found to be the main genes for plant metabolism and 

selenium accumulation. Co-expression of SAT and SMT promoted the increase of OAS 

(O-acetylserine), which in turn promoted the expression of sulfur transporter as well as 

plant uptake and accumulation of selenium (Çakır et al., 2012; Song et al., 2017). 

Brassica has the strongest selenium enrichment ability (Wiesner-Reinhold et al., 

2017). At present, there are many reports on selenium-enriched crops at home and 

abroad (Matich, et al., 2012; Zhao et al., 2017). However, there are few reports of Se 

enrichment difference and Se related gene expression in Brassica vegetables (Xie, 

2016). In this experiment, Brassica rapa ssp. chinensis L. (pakchoi), Brassica rapa ssp. 

pekinensis L. (Chinese cabbage) and Brassica oleracea var. capitata L. (cabbage) were 

used as materials to compare the differences in selenium uptake, selenium 

transformation and transport among the three Brassica vegetables. Also, selenium 

metabolism related gene expression of the three Brassica vegetable s was tested. 
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Materials and methods 

Plant material, soil and Se treatments 

The seeds of Brassica rapa ssp. chinensis L., Brassica rapa ssp. pekinensis L. and 

Brassica oleracea var. capitata L. were purchased from Xiema farmer’s market in 

Beibei district, Chongqing, China. The experimental soil was taken from Jiulongpo 

District of Chongqing, China. The soil pH was 6.70, soil organic matter was 9.08 g·kg
-1

, 

soil total nitrogen was 0.64 g·kg
-1

, soil available nitrogen was 72.77 mg·kg
-1

, soil 

available phosphorus was 54.81 mg·kg
-1

, soil available potassium was 216.7 mg·kg
-1

,
 

soil cation exchange capacity was 30.3 cmol·kg
-1

, soil total selenium was 0.42 mg·kg
-1

 

and soil available selenium was 0.029 mg·kg
-1

. 

Pot experiment was conducted at No. 1 glass greenhouse of College of Resources 

and Environment of Southwest University, Beibei District, Chongqing, China (106.4N, 

29.8E), from November 4, 2014 to February 25, 2015. Five selenium levels (0, 0.5, 1.0, 

2.5 and 5 mg·kg
-1

) prepared from Na2SeO3 were set up. Considering the larger biomass 

of Brassica oleracea var. capitata L. than Brassica rapa ssp. chinensis L. and Brassica 

rapa ssp. pekinensis L., two plant·pot
-1 

of Brassica oleracea var. capitata L., three 

plant·pot
-1 

of Brassica rapa ssp. chinensis L. and Brassica rapa ssp. pekinensis L. 

respectively were planted in black plastic basin (25 cm in diameter and 17 cm in 

height), each basin was loaded with 5 kg of air-dried soil screened with 5 mm sieve. 

The total dosage of nitrogen fertilizer, phosphate fertilizer and potassium fertilizer was 

180 mg·kg
-1

, 100 mg·kg
-1

 and 150 mg·kg
-1

, respectively. Ammonium nitrate, 

monopotassium phosphate and potassium sulphate were used as nitrogen, phosphate and 

potassium fertilizers, respectively. Each treatment was repeated 3 times and arranged 

randomly. During the cultivation period, pure water was used to maintain soil water 

content at 60% -80% of the maximum water holding capacity of the field. Considering 

the longer growth period of Brassica oleracea var. capitata L., Brassica oleracea var. 

capitata L. was harvested after 85 days, and Brassica rapa ssp. chinensis L. and 

Brassica rapa ssp. pekinensis L. were harvested after 65 days. Edible parts of 

vegetables were taken, quick-frozen by liquid nitrogen and placed in -80℃ refrigerator 

for later RNA extraction. 

 

Analysis of soil physicochemical properties 

The soil pH was ascertained in 1:5 (soil: water), and available phosphorus, available 

potassium and total nitrogen in soil was determined in term of a previously report 

(Rayment and Higginson, 1992). The soil cation exchange capacity and soil organic 

matter content was determined on the basis of a previously published method 

(McCleod, 1975). 

 

Analysis of Se concentrations in soil and plants 

Soil and plant samples were ground and digested at 170°C using 10 mL of acid 

mixture (8 mL of ultrapure nitric acid and 2 mL of perchloric acid) (Kyodan et al., 

1988). The acid mixture was heated until white smoke appeared; further, 10 mL of 6 

mol·L
−1

 hydrochloric acid was added, and the mixture was heated until the white smoke 

reappeared (Kyodan et al., 1988). The residual sample was then diluted in 25 mL of 

ultrapure water (Kyodan et al., 1988). The concentration of Se in the solution was 
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analyzed using hydride generation atomic fluorescence spectrometry (PF6.3, Beijing 

Purkinje General Instrument Co. Ltd., China). 

 

Detection of gene expression 

RNA was extracted from edible part of the sample stored in the refrigerator at -80 ℃. 

The specific procedure followed the operation manual of the RNA extraction kit 

purchased from Tiangen Biotechnology Company (Beijing, China). Purification of total 

RNA, RNA detection, synthesis of reverse transcription cDNA, primer design and 

synthesis, PCR amplification of cDNA and real-time quantitative PCR were done 

according to Zhao et al. (2017) method. 

 

The statistical analysis 

Data were analyzed by one-way analysis of univariate ANOVA and followed by 

Duncan’s multiple comparison tests using SPSS version 21.0 (IBM Corp., Armonk, 

NY, USA). The variables analyzed separately were Se concentration, bioconcentration 

factor (BCF) and translocation factor (TF) of Se in three Brassica vegetables. The BCF 

refers to the ratio of the Se concentration in tissues to the exogenous Se. TF is the ratio 

of Se concentration in shoots to that in roots (Renkema et al., 2011). The level of 

significance was 0.05. 

Results 

Selenium concentration 

As can be seen from Figure 1, the selenium concentration in leaves, stems and roots 

of the three Brassica vegetables increased with the increase of soil selenium level. The 

selenium concentration in leaves, stems and roots of the three Brassica vegetables was 

the highest at the maximum level of soil selenium (5 mg·kg
-1

). At this time, leaf 

selenium concentration of Brassica rapa ssp. chinensis L. was significantly higher than 

that of the other Brassica vegetables by 1.39-3.02 times. Under the same selenium level, 

selenium concentration in stem and root of Brassica oleracea var. capitata L. was the 

lowest among the three Brassica vegetables. 

 

Selenium transport ability 

In order to better compare the differences in selenium uptake, transport and 

accumulation among the main Brassica vegetables, bioconcentration factor (BCF) and 

transport factor (TF) were introduced in this study to characterize the enrichment and 

transport of selenium in different Brassica vegetables. A higher BCF value indicates 

stronger selenium enrichment ability. A higher TF value suggests stronger ability of 

plants to transport selenium absorbed by the roots to shoot. 

As can be seen from Table 1, BCFleaves/soil of Brassica rapa ssp. chinensis L. reached 

the maximum at 0.5 mg·kg
-1

 selenium, and decreased with the increase of soil selenium 

level. Selenium treatment had no significant effect on the BCFleaves/soil of Brassica rapa 

ssp. pekinensis L. and Brassica oleracea var. capitata L. With the increase of soil 

selenium levels, BCFstem/soil of three Brassica vegetables firstly decreased and then 

increased, reaching the highest at 0.5 mg·kg
-1

 selenium. 
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Figure 1. Effects of different concentrations of selenium on the selenium concentrations of leaf, stem and root in different Brassica vegetables. Different 

letters (a, b, c) indicate significant difference at P ≤ 0.05 among different species.  

 

 
Table 1. Bioconcentration factor (BCF) and translocation factor (TF) of Se in different Brassica vegetables 

Se level 

/mg·kg
-1

 

BCFleaevs/soil BCFstem/soil BCFroot/soil TF 

Brassica 

rapa ssp. 

chinensis 

L. 

Brassica 

rapa ssp. 

pekinensis 

L. 

Brassica 

oleracea 

var. 

capitata L. 

Brassica 

rapa ssp. 

chinensis 

L. 

Brassica 

rapa ssp. 

pekinensis 

L. 

Brassica 

oleracea 

var. 

capitata L. 

Brassica 

rapa ssp. 

chinensis 

L. 

Brassica 

rapa ssp. 

pekinensis 

L. 

Brassica 

oleracea 

var. 

capitata L. 

Brassica 

rapa ssp. 

chinensis 

L. 

Brassica 

rapa ssp. 

pekinensis 

L. 

Brassica 

oleracea 

var. 

capitata L. 

0 - - - - - - - - - - - - 

0.5 3.24±0.24a 0.80±0.95b 0.50±0.67c 1.66±0.16b 2.06±0.14a 0.89±0.03c 3.46±0.46a 3.39±1.0a 2.71±0.70b 1.43±0.30a 0.93±0.52b 0.56±0.38c 

1.0 3.09±0.06a 1.05±0.50b 0.69±0.14c 1.52±0.02a 1.56±0.06a 0.66±0.12b 1.98±0.08b 4.72±0.03a 1.89±0.01b 2.34±0.10a 0.55±0.09c 0.72±0.01b 

2.5 1.95±0.18a 1.15±0.24b 0.65±0.16c 0.91±0.07a 0.90±0.09a 0.84±0.05a 2.88±0.33b 3.40±0.19a 1.73±0.65c 0.99±0.02a 0.60±0.06b 0.94±0.42a 

5.0 2.62±0.11a 1.06±0.03b 0.86±0.01c 1.39±0.01a 1.37±0.07a 0.74±0.07b 2.32±0.31b 2.79±0.61a 1.65±0.25c 1.74±0.27a 0.89±0.16b 0.99±0.20b 

Different letters (a, b, c) indicate significant difference at P ≤ 0.05 among different species. “-” indicates selenium concentrations below the detection limit 
(0.005 mg·kg-1). The results listed are mean ± standard deviation.  
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With the increase of soil selenium level, BCFroot/soil of the three vegetables decreased 

first, reaching the lowest value at 1 mg·kg
-1

 soil selenium level, and then increased 

again, but still lower than that of non-selenium treatment. BCFroot/soil of Brassica 

oleracea var. capitata L. was significantly reduced at high levels of selenium (5 mg·kg
-

1
), which was 39.01% lower than in the case of 0.5 mg·kg

-1
 selenium level. Selenium 

transport coefficient of Brassica rapa ssp. chinensis L. and Brassica rapa ssp. 

pekinensis L. increased with the increase in exogenous selenium, indicating that greater 

soil selenium levels enhanced the ability of the two Brassica vegetables to transport 

selenium from the root to the shoot. On the contrary, Brassica oleracea var. capitata L. 

showed the opposite trend. For selenium transport coefficient (TF), that of Brassica 

rapa ssp. chinensis L. > Brassica rapa ssp. pekinensis L.≈Brassica oleracea var. 

capitata L., indicating that among the three tested Brassica vegetables, Brassica rapa 

ssp. chinensis L. has the strongest ability to transport selenium to shoot. In comparison 

of selenium enrichment factor of edible parts among the three Brassica vegetables, 

Brassica rapa ssp. chinensis L. ranked the top, while Brassica oleracea var. capitata L. 

was at the bottom. 

 

Expression of selenium metabolism related gene 

As can be seen from Figure 2, at soil selenium level ≤ 0.5 mg·kg
-1

, the SAT 

expression level was not significant in the leaves of Brassica rapa ssp. chinensis L. 

When the soil selenium level increased to 1 mg·kg
-1

, SAT expression level decreased 

drastically, reaching the lowest at 2.5 mg·kg
-1

 selenium, but significantly increased at 

5 mg·kg
-1

 soil selenium level. 
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Figure 2. Real-time PCR analysis of Se metabolism associated genes in leaf of Brassica rapa 
ssp. chinensis L. 

 

 

The expression level of SAT4 gene was the highest in SAT genes family of Brassica 

rapa ssp. chinensis L. at the same selenium level. Exogenous selenium inhibited the 

expression of APS4. At 0.5 mg·kg
-1

 soil selenium level, the expression levels of APS1, 

APS2 and APS3 increased by 1.10-12.20 times compared with those of non-selenium 

treatment. At soil selenium level ≥ 1 mg·kg
-1

, expression level of APS was in order of 

APS2 > APS1 > APS3 > APS4 under the same selenium treatment. CysD gene 

expression level decreased first with the increase of soil selenium level, reaching the 

lowest level at 2.5 mg·kg
-1

 selenium, and then increased. However, CysD expression 

level in all selenium treatments was lower than that of non-selenium treatment. With the 

increase of soil selenium level, APR gene expression level first increased, reaching the 

highest level at 0.5 mg·kg
-1

 selenium, and then decreased. Under the same selenium 

treatment, APR expression level was ranked as APR3 > APR2 > APR1. With the 

change of soil selenium level, SMT2 expression level was the lowest at 2.5 mg·kg
-1

, 

reaching the peak at 5 mg·kg
-1

. SMT2 expression level was 1.84 times that of non-

selenium treatment. Variation trend of SMT1 and SMT3 gene expression was consistent 

with that of APR. At soil selenium level ≤ 2.5 mg·kg
-1

, there was no significant 

difference in MMT gene expression level. When selenium level increased to 5 mg·kg
-1

, 

MMT expression level significantly increased, which was 33.42 times that of non- 

selenium treatment. Except MMT, selenium metabolism-related gene expression in 

leaves of Brassica rapa ssp. chinensis L. was inhibited at 1 mg·kg
-1

 and 2.5 mg·kg
-1

 

selenium. 

As can be seen from Figure 3, at soil selenium level ≤ 2.5 mg·kg
-1

, expression levels 

of SAT, APS, SMT and APR in leaves of Brassica rapa ssp. pekinensis L. were low, 

but increased significantly at 5 mg·kg
-1

 selenium level. The expression level of SAT2, 

SAT4, APS2, SMT2 and APR2 was found the highest in the SAT, APS, SMT and APR 

genes family respectively. Exogenous selenium inhibited CysD expression level in 

leaves of Brassica rapa ssp. pekinensis L. MMT expression level first decreased with 

the increase of soil selenium level, reaching the lowest at 1 mg·kg
-1

 selenium level, and 

then increased, reaching the highest level at 5 mg·kg
-1

 soil selenium level. 

As can be seen from Figure 4, except that APR1 expression in leaves of Brassica 

oleracea var. capitata L. was inhibited by exogenous selenium, the expression of other 

genes in leaves of Brassica oleracea var. capitata L. increased and then decreased with 
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the increase of soil selenium levels, reaching the highest at 0.5 mg·kg
-1

 selenium level. 

The APS expression in wild cabbage leaves was the highest among all the six genes, 

and APS4 expression level in leaves of Brassica oleracea var. capitata L. was up to 

994.62 at 0.5 mg·kg
-1

 selenium. 

The qRT-PCR assays of all Se metabolism related genes showed that the expression 

levels of detected genes in Brassica oleracea var. capitata L. were more severely 

regulated than that in other two vegetables at the same soil Se level. Moreover, the 

expression levels of all detected genes in Brassica oleracea var. capitata L. was much 

higher than that in other two vegetables even at soil selenium level ≤ 2.5 mg·kg
-1

 (Figs. 

2, 3 and 4). It indicated that Brassica oleracea var. capitata L. might be more tolerant to 

exogenous Se and may has more complicate Se metabolism processes than Brassica 

rapa ssp. chinensis L. and Brassica rapa ssp. pekinensis L. 

 

  

  

  

Figure 3. Real-time PCR analysis of Se metabolism associated genes in leaf of Brassica rapa 

ssp. pekinensis L. 
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Figure 4. Real-time PCR analysis of Se metabolism associated genes in leaf of Brassica 
oleracea var. capitata L. 

Discussion 

In pot experiment, the accumulation of selenium in Brassica vegetables increased 

with the increase of soil selenium level, but selenium was extravagantly absorbed in 

Brassica vegetables at 5 mg·kg
-1

 selenium. This result was similar to that reported by 

Zhao et al. (2017). The uptake of selenium by plants varies according to the plant 

species (Šindelářová et al., 2015). For the three Brassica vegetables, Brassica rapa ssp. 

chinensis L. had the highest selenium uptake, while Brassica oleracea var. capitata L. 

had the lowest, probably because selenium action sites differ for different vegetables. 

To discover the specific reasons, in depth study is needed of the expression levels of 

selenium metabolism related genes. 
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Much of the selenite absorbed remains in the roots, with only a small fraction 

transported to the stems and leaves (Wiesner-Reinhold et al., 2017). In this experiment, 

BCFroot/soil > BCFleaf/soil of Brassica rapa ssp. pekinensis L. and Brassica oleracea var. 

capitata L. suggested that the selenium absorbed by the two Brassica vegetables mainly 

accumulated in the roots. BCFstem/soil < BCFroot/soil < BCFleaf/soil of Brassica rapa ssp. 

chinensis L. indicated that it was more able to transport selenium to shoots. Moreover, 

during selenium transportation in the body of Brassica rapa ssp. chinensis L., there was 

no hindrance in selenium transport from root to leaf. In comparison among the three 

Brassica vegetables, BCFleaevs/soil, BCFstem/soil and transport coefficient (TF) were the 

lowest in Brassica oleracea var. capitata L., indicating that it had relatively weak 

capacity of selenium uptake and selenium transport. In this experiment, selenium 

content, selenium enrichment coefficient and transport coefficient was the highest in 

Brassica rapa ssp. chinensis L. among the three Brassica vegetables, so Brassica rapa 

ssp. chinensis L. had the best selenium enrichment among the three Brassica vegetables. 

Selenite has been found to be bioabsorbable by high-affinity proactive transport 

mechanism of ATP. Overexpression of ATP sulfurylase in transgenic plants accelerates 

this process and increases selenium tolerance and accumulation (Araie et al., 2008). 

Leduc et al. (2006) team over-expressed mustard ATP sulfurylase and SMT genes in 

Indian mustard at the same time, finding that mustard selenium content increased by 4-9 

times. Terry et al. (2000) obtained transgenic plants that had increased selenium 

tolerance and enrichment by overexpression of seleno methyltransferase (SMT) in 

Arabidopsis and Indian mustard. In this experiment, ATP and APS expression levels of 

Brassica rapa ssp. chinensis L. and Brassica oleracea var. capitata L. increased 

significantly under selenium treatment. Meanwhile, exogenous selenium also increased 

SMT gene expression level, but high selenium level (≤2.5 mg·kg
-1

) would down-

regulate transcription level of SMT gene mRNA in Brassica oleracea var. capitata L., 

showing that SMT could enhance the tolerance of vegetables to selenium under high-

selenium treatment, thus increasing the accumulation of selenium. SAT and CysD are 

two important enzymes involved in the synthesis and regulation of cysteine, and the two 

combine to form cysteine synthase (Çakır et al., 2012). In this experiment, SAT 

expression level in leaf of Brassica rapa ssp. pekinensis L. firstly increased and then 

decreased with the increase of soil selenium level. Exogenous selenium inhibited CysD 

expression in leaf of Brassica rapa ssp. pekinensis L., which may be due to the 

competitive effect of selenium and sulfur that caused inorganic sulfur hare to mix with 

cysteine, thus the transcription level of CysD gene mRNA was down-regulated. The 

expression levels of leaf genes SAT and CysD in the other two Brassica vegetables 

showed the same trend under the same treatment, probably due to the synergistic effect 

of the complexes formed by the two in plant cells (Liu et al., 2017). Methionine 

methyltransferase plays a key role in the production of volatile compounds in plants. 

SeMet and Met produce methyl-Semethionine (SeMM) and thiomethyl methionine 

(SMM) by homocysteine methyltransferase and methionine methyltransferase (MMT), 

and these compounds have toxic effects on non-selenium plants (Araie et al., 2008). In 

this experiment, the expression of MMT in leaves of Brassica rapa ssp. chinensis L. 

and Brassica rapa ssp. pekinensis L. was not significant at soil selenium level ≤ 

2.5 mg·kg
-1

, but significantly increased at soil selenium level of 5 mg·kg
-1

. Under the 

same selenium level, the expression level of the same gene in different vegetables was 

significantly different, which may be related to the different transcriptional levels of 

mRNA. 
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Conclusion 

The selenium concentrations in leaves, stems and roots of the three Brassica 

vegetables increased with the increase of soil selenium level, and selenium 

concentration in leaves was the highest at soil selenium level of 5 mg·kg
-1

. At 5 mg·kg
-1

 

selenium level, the expression levels of SAT, SMT and MMT in leaves of Brassica 

rapa ssp. chinensis L. and the expression levels of SAT, APS, SMT, APR and MMT in 

leaves of Brassica rapa ssp. pekinensis L. were significantly increased, while 

expression levels of SAT, APS, SMT, APR, MMT and CysD in leaves of Brassica 

oleracea var. capitata L. were significantly decreased. Under the same exogenous 

selenium level, the selenium concentration, selenium enrichment coefficient and 

transport coefficient of edible parts were highest in Brassica rapa ssp. chinensis L. and 

the lowest in Brassica oleracea var. capitata L. among the three Brassica vegetables. 

Brassica rapa ssp. chinensis L. had the best selenium enrichment effect among the three 

Brassica vegetables. However, the field application of selenium-enriched vegetables 

should be studied in the future. 
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