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Summary

The present study investigated the effects of exogenously supplemented selenite and seleno-L-methionine (SeM) on
variations in gene expression in Arabidopsis thaliana. After cultivation at 25C for 4 weeks with 1 ppm selenite and
SeM, growth parameters and selenium contents were measured and the expression of A. thaliana genes was com-
prehensively analyzed using RNA-sequencing (RNA-seq) technology. The fresh weight of plants was approximately
60% lower following the exposure to 1.0 ppm of selenite and SeM. RNA-seq showed that gene ontology terms relat-
ed to response to chitin, response to water deprivation, response to wounding, plant-type cell wall loosening, tran-
scription, and DNA-templated were enriched between the selenite and SeM groups. Furthermore, plant hormone
signal transduction, plant-pathogen interaction, glycine, serine and threonine metabolism, alpha-linolenic acid metabo-
lism, beta-alanine metabolism, and ascorbate and aldarate metabolism were confirmed between the selenite and SeM
groups by a pathway analysis. The expression levels of methionine gamma-lyase, which is involved in the metabolism
of selenocompounds, significantly differed between the experimental groups. These results provide insights into the
genetic and biochemical mechanisms underlying the effects of exogenously supplemented selenite and SeM on A.

thaliana.
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Fig. 1 Effects of selenite and seleno-L-methionine (SeM) on plant (A), leaf (B), and root (C) weights and Se contents in roots (D) and
leaves (E) of Arabidopsis thaliana.
Data represent means = standard error of the means (SEM).
Values not sharing a common letter are significantly different at p < 0.05 according to Tukey’s multiple comparisons test.

*Leaves and roots in the None group contained trace amounts of Se (< 0.1 ug/g).

Table 1 Influence of selenite and seleno-L-methionine (SeM) on a number of differential-

ly expressed genes® in Arabidopsis thaliana

None vs Selenite None vs SeM Selenite vs SeM
Up-regulated 496 464 315
Down-regulated 620 649 637

‘Satisfies the following conditions: the ratio was changed by more than 2-fold and the

Z-score was smaller than —2 or larger than +2.
SeM, seleno-L-methionine.
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Table 2 Significantly enriched gene ontology (GO) terms found in differently expressed genes

Go term

Benjamini p value

None vs Selenite

plant-type cell wall loosening 3.E-06
cell wall organization 5.E-05
response to jasmonic acid 2E-04
plant-type cell wall organization 1.E-04
iron ion homeostasis 2.E-04
response to iron ion 1.E-03
response to wounding 2.E-03
unidimensional cell growth 2.E-03
syncytium formation 3.E-03
response to gibberellin 4E-03
oxidation-reduction process 4E-03
response to karrikin 5.E-03
pectin catabolic process 8.E-03
plant-type cell wall modification involved in multidimensional cell growth 8.E-03
None vs SeM
response to chitin 1.E-18
response to wounding 4E-10
response to auxin 9.E-08
response to water deprivation 8.E-08
response to jasmonic acid 1.E-06
response to abscisic acid 5.E-06
response to cold 1.E-05
response to salicylic acid 6.E-05
plant-type cell wall loosening 3.E-04
defense response to insect 4E-04
defense response 1.E-03
response to karrikin 1.E-03
ethylene-activated signaling pathway 1.E-03
syncytium formation 2.E-03
cell wall organization 2.E-03
unidimensional cell growth 3.E-03
vasculature development 6.E-03
transcription, DNA-templated 8.E-03
Selenite vs SeM
response to chitin 3.E-23
response to water deprivation 4.E-09
response to wounding 7E-09
plant-type cell wall loosening 7.E-08
transcription, DNA-templated 8.E-08
ethylene-activated signaling pathway 1.E-07
response to iron ion 7E-07
response to auxin 7E-07
iron ion homeostasis 1.E-06
regulation of transcription, DNA-templated 2.E-06
response to abscisic acid 5.E-06
response to oxidative stress 2.E-05
leaf senescence 2.E-05
syncytium formation 3.E-05
response to cold 8.E-05
plant-type cell wall modification involved in multidimensional cell growth 2E-04
response to gibberellin 2E-04
unidimensional cell growth 3.E-04
response to salicylic acid 3E-04
plant-type cell wall organization 4.E-04
multicellular organism development 5.E-04
defense response to bacterium 8.E-04

(continued)



Table 2

Go term

Benjamini p value

response to hydrogen peroxide
vasculature development
auxin-activated signaling pathway
regulation of organ growth

cell wall organization

cold acclimation

response to bacterium

1.E-03
1.E-03
1.E-03
2.E03
2.E03
3.E-03
4.E-03

SeM, seleno-L-methionine.
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Table 3 Significantly impacted pathways in Arabidopsis thaliana as determined by a pathway analysis

None vs Selenite

None vs SeM

Selenite vs SeM

Up-regulated
Biosynthesis of secondary metabolites
Starch and sucrose metabolism
Metabolic pathways
Phenylpropanoid biosynthesis
Peroxisome
Cyanoamino acid metabolism
Glycine, serine and threonine metabolism

Metabolic pathways

Starch and sucrose metabolism
Biosynthesis of secondary metabolites
Limonene and pinene degradation
Stilbenoid, diarylheptanoid and gingerol biosynthesis
Alanine, aspartate and glutamate metabolism
Cyanoamino acid metabolism

Plant hormone signal transduction

Down-regulated
Pentose and glucuronate interconversions
Biosynthesis of secondary metabolites
Linoleic acid metabolism
Porphyrin and chlorophyll metabolism
Glycerophospholipid metabolism
Plant hormone signal transduction
Metabolic pathways
Flavonoid biosynthesis
Diterpenoid biosynthesis

Plant hormone signal transduction
Pentose and glucuronate interconversions
Plant-pathogen interaction

Nitrogen metabolism

Porphyrin and chlorophyll metabolism
Flavonoid biosynthesis

Diterpenoid biosynthesis

Cysteine and methionine metabolism

Plant hormone signal transduction
Plant-pathogen interaction

Glycine, serine and threonine metabolism
alpha-Linolenic acid metabolism
beta-Alanine metabolism

Ascorbate and aldarate metabolism

‘Benjamini p value < 0.05.

Table 4 Influence of selenite and seleno-L-methionine (SeM) on the expression of genes related to selenocompound metabolism
and selenium-binding proteins in Arabidopsis thaliana

Gene
name

Locus Definition

None vs Selenite None vs SeM  Selenite vs SeM

Selenocompound metabolism*

Fold change

AT5G49810  MMT methionine S-methyltransferase 122 1.32 1.07
AT3G55400 OVAl methionyl-tRNA synthetase 0.78 0.89 113
AT4G13780 probable methionine-tRNA ligase 1.00 0.95 0.93
AT1G64660  MGL methionine gamma-lyase 046" 0.30" 065"
AT3G03780  MS2 methionine synthase 2 1.03 1.26 1.20
AT5G17920 ATMS1  5-methyltetrahydropteroyltriglutamate-- 0.68 0.78 1.14
AT5G20980  MS3 methionine synthase 3 0.81 0.90 1.10
AT3G57050 CBL cystathionine beta-lyase 0.89 1.05 1.17
AT3G01120 MTO1 cystathionine gamma-synthase 1.22 1.28 1.04
ATI1G08490  CPNIFS cysteine desulfurase 2 1.14 121 1.05
AT2G17420 NTRA NADPH-dependent thioredoxin reductase A 1.17 1.03 0.87
AT1G19920  APS2 ATP sulfurylase 2 0.90 1.02 112
Selenium-binding protein
AT4G14030  SBP1 selenium-binding protein 1 117 1.02 0.86
AT4G14040  SBP2 selenium-binding protein 2 117 142 12
AT3G23800  SBP3 selenium-binding protein 3 N.D. N.D. N.D.

* The KEGG pathway of “selenocompound metabolism (00450)".
"p <005
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