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Summary
This study evaluated the effects of exogenously supplemented selenite on the growth and variations in gene ex-
pression in Arabidopsis thaliana. After cultivation at 25°C for 14 days with 0, 1, 5, and 10 ppm selenite, we measured
growth parameters, selenium contents, and comprehensively analyzed the expression of A. thaliana genes using a
DNA microarray. Fresh weight was approximately 60% (w/w) lower following exposure to 5 ppm selenite. Selenium
contents in leaves increased in a dependent manner on selenium exposure levels up to 10 ppm; the content of sele-
nium in leaves exposed to 10 ppm was 23.2 ug/g fresh weight. A DNA microarray analysis was conducted and re-
vealed that the expression of 2723 genes significantly differed between A. thaliana exposed to 1 ppm selenite and
0 ppm selenite. Gene ontology terms related to responses to heat, responses to a temperature stimulus, immune re-
sponses, and innate immune responses were enriched significantly more by 1 ppm selenite than by O ppm selenite.
The expression levels of cystathionine beta-lyase, pyridoxal phosphate-dependent transferase superfamily protein, and
cysteine desulfurase 2, which are involved in the metabolism of selenocompounds, were increased following the ex-
posure to 10 ppm selenite. These results provide insights into the genetic and biochemical mechanisms underlying

the effects of exogenously supplemented selenite on A. thaliana.
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Table 1 Influence of 0, 1, 5, and 10 ppm selenite on fresh weights and

selenium concentrations in Arabidopsis thaliana leaves

Selenite exposure level Fresh weight Selenium concentration

(ppm) (mg) (ug/g fresh weight)
0 687 + 18* 020 + 002°
1 608 = 94° 511 = 001°
5 279 + 114° 1699 = 0.12°
10 35 + 3°¢ 2321 = 091°

Values represent means+=SEM (n = 5).
Values in the same row not sharing a common letter were significantly
different at p <0.05 according to the Tukey-Kramer test.

Table 2 Influence of 1, 5, and 10 ppm selenite on a number of differentially expressed genes in
Arabidopsis thaliana

Selenite exposure level 2-fold change* 5-fold change’ 10-fold change*

(ppm) Up Down Up Down Up Down

1 1006 1717 202 249 52 43
5 663 1499 146 233 57 73
10 7045 11343 2073 6502 868 4500

Versus samples not exposed to selenite.

*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.

Satisfies the following conditions: the ratio was changed by more than 5-fold and the Z-score
was smaller than —5 or larger than +5.

*Satisfies the following conditions: the ratio was changed by more than 10-fold and the Z-score
was smaller than —10 or larger than +10.

— 114 —



Table 3 Significantly enriched gene ontology (GO) terms found in differently

expressed genes between 1 ppm and 0 ppm selenite

GO Term

Benjamini p value

Up-regulated
immune responses
innate immune responses
responses to chitin
defense responses
secondary metabolic process
responses to organic substances
responses to a carbohydrate stimulus
responses to bacteria

1.60E-03
1.30E-03
8.80E-04
3.00E-03
5.70E-03
7.80E-03
7.90E-03
4.90E-02

Down-regulated
responses to heat
responses to a temperature stimulus
external encapsulating structure organization
responses to high light intensity
cell wall organization
sexual reproduction
lipid storage
responses to light intensity
responses to hydrogen peroxide
cell tip growth
responses to reactive oxygen species
pollen tube growth
secondary cell wall biogenesis
cellular component morphogenesis
tube development
pollen tube development
unidimensional cell growth
developmental growth involved in morphogenesis
plant-type cell wall biogenesis
pollen wall assembly
cellular component assembly involved in morphogenesis
cell wall biogenesis
developmental cell growth
responses to oxidative stress
reproductive cellular processes

1.20E-15
1.30E-08
4.80E-08
3.70E-07
1.00E-06
8.30E-06
3.50E-05
1.90E-04
7.50E-04
2.00E-03
1.90E-03
3.10E-03
4.30E-03
7.20E-03
1.60E-02
1.60E-02
1.70E-02
1.70E-02
1.70E-02
3.30E-02
3.30E-02
4.10E-02
4.30E-02
4.40E-02
4.90E-02

GO, gene ontology.
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Table 4 Number of genes significantly changed® in a pathway
analysis of DNA microarrays between 1ppm and
0 ppm selenite

Pathway

Up-regulated
Stilbenoid, diarylheptanoid, and gingerol biosynthesis
Limonene and pinene degradation
Phenylpropanoid biosynthesis

9
9
9
Nitrogen metabolism 5
Phenylalanine metabolism 6
Methane metabolism 6
Glucosinolate biosynthesis 3
Down-regulated
Phenylpropanoid biosynthesis
Alanine, aspartate, and glutamate metabolism
Pyruvate metabolism
Starch and sucrose metabolism

Pentose and glucuronate interconversions

NSRS B =2 <) e}

Monoterpenoid biosynthesis

*Benjamini p value < 0.05.
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Table 5 Influence of 1, 5, and 10 ppm selenite on the expression of genes related to selenocompound

metabolism* in Arabidopsis thaliana

Selenite exposure level

Locus Gene name Definition
1 ppm 5 ppm 10 ppm
Fold change
AT5G49810  MMT methionine S-methyltransferase 0.77 1.05 1.20
AT3G55400 OVAl methionyl-tRNA synthetase 1.09 1.00 1.70
AT4G13780 probable methionine-tRNA ligase 1.05 0.97 0.85
AT1G64660 MGL methionine gamma-lyase 0.75 1.19 0.50
AT3G03780  MS2 methionine synthase 2 0.86 1.54 <0.01
atscm At Sneblerbimeoliine g g
AT5HG20980  MS3 methionine synthase 3 0.96 1.15 1.38
AT3G57050 CBL cystathionine beta-lyase 1.10 1.00 1.88
Pl st (DGl 15g s s
AT3G01120 MTO1 cystathionine gamma-synthase 0.79 1.17 1.09
AT1G08490  CPNIFS cysteine desulfurase 2 1.00 1.16 2.37
AT2G17420  NTRA NADPH-dependent thioredoxin 0,69 0,84 086
reductase A
ATIG19920 APS2 ATP sulfurylase 2 1.01 111 1.20

*KEGG pathway of “selenocompound metabolism (00450)”.

Table 6 Influence of 1, 5, and 10 ppm selenite on the expression of selenium-binding proteins in

Arabidopsis thaliana

Selenite exposure level

Locus Gene name Definition
1 ppm 5 ppm 10 ppm
Fold change
AT4G14030  SBP1 selenium-binding protein 1 097 0.98 1.50
AT4G14040  SBP2 selenium-binding protein 2 1.64 0.75 7.28
AT3G23800  SBP3 selenium-binding protein 3 1.02 0.96 218
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