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Metabolic Network Flux Balance Analysis
of the Microgravity Influence on the Growth of
Arabidopsis Thaliana
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(School of Informatics, Huazhong Agricultural University, Wuhan 430070)

Abstract As a typical space environmental factor, the influence mechanism of microgravity on plants
is a research hotspot in space life science. The microgravity environment directly or indirectly affects
plant metabolism and induces many physiological adaptations. With the development of systems biology,
the metabolic network model enables the modeling of plant metabolism in microgravity. In this study,
the flux balance analysis method was used to study the metabolic networks of different tissues of the
model plant Arabidopsis thaliana, and to explore the mechanism of the effect of microgravity on the

growth and development of Arabidopsis thaliana. By comparing the biomass yield of Arabidopsis
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thaliana under space and ground conditions, it was found that the biomass of etiolated seedlings,

seedlings, shoots, roots, and hypocotyls is decreased by 33.00%, 51.52%, 6.89%, 12.53%, and 11.70%, re-

spectively, consistent with the growth trend of Arabidopsis thaliana in the space environment. Enrich-

ment analysis of metabolic pathways showed that microgravity down-regulated Arabidopsis thaliana’s

carbon fixation pathway, while up-regulated the pentose phosphate pathway. This result preliminarily

analyzed the mechanism of microgravity influence on the growth and development of Arabidopsis

thaliana and demonstrated the potential of the flux balance analysis method in the study of the biologi-

cal effects of microgravity.
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Fig. 1

Mustard biomass production and ATP synthesis reaction fluxes of Arabidopsis thaliana etiolated seedlings

(a), seedlings (b), shoots (c), roots (d), and hypocotyls (e) in microgravity and ground environment
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*1 METECYE AR ZERNEEREZE
Table 1  Enrichment pathways for genes corresponding to Arabidopsis thaliana etiolated
seedlings down-regulation reactions
i KEGGii #1D p FDR
Glyoxylate and dicarboxylate metabolism ath00630 4.24x107 1.10x10 %
Carbon metabolism ath01200 1.88x10" 2.44x107"
Biosynthesis of antibiotics ath01130 2.20x10 " 1.91x10 "
Metabolic pathways ath01100 4.68x10 " 3.04x10 "
Biosynthesis of secondary metabolites ath01110 6.97x10 " 3.62x10"°
Carbon fixation in photosynthetic organisms ath00710 1.21x10° 5.24x10°
Pyruvate metabolism ath00620 6.00x10° 2.23x10°
Citrate cycle (TCA cycle) ath00020 2.12x10° 6.88x10°
Cysteine and methionine metabolism ath00270 5.04x10 " 1.46x10°
One carbon pool by folate ath00670 2.79x10° 7.24x10°
x2 WETYHETERENNEENEERRE
Table 2 Enrichment pathways for genes corresponding to Arabidopsis thaliana
seedlings down-regulation reactions
il KEGG#H$ID p1H FDR
Oxidative phosphorylation ath00190 3.16x10 % 9.49x10 **
Metabolic pathways ath01100 2.24x10 ** 3.36x10 >
Biosynthesis of amino acids ath01230 7.08x10 > 7.08x10 *
Phenylalanine, tyrosine and tryptophan biosynthesis ath00400 3.60x10 *° 2.70x10 "
Carbon fixation in photosynthetic organisms ath00710 1.82x10 ° 1.09x10 ™
Biosynthesis of secondary metabolites ath01110 1.96x10 " 9.82x10
Biosynthesis of antibiotics ath01130 1.12x10 " 4.79x10 "
Phagosome ath04145 1.81x10 " 6.78x10 "
Carbon metabolism ath01200 2.82x10 " 9.40x10 "
Nitrogen metabolism ath00910 5.95%107 1.79%10°°
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*3 HEAFTARENEEENEREE
Table 3 Enrichment pathways for genes corresponding to Arabidopsis thaliana
shoot down-regulation reactions
i KEGGi#E#ID p{H FDR

Carbon metabolism ath01200 8.48x10 ™ 1.36x10
Biosynthesis of antibiotics ath01130 5.95x107"° 4.76x10°%
Pentose phosphate pathway ath00030 2.01x10™ 1.07x10°*
Glycolysis / Gluconeogenesis ath00010 2.27x10% 9.09x10°%
Carbon fixation in photosynthetic organisms ath00710 2.20x107 7.05%10 >
Biosynthesis of secondary metabolites ath01110 2.04x10 % 5.43x10 %
Metabolic pathways ath01100 3.75%10 ' 8.58x10 '
Fructose and mannose metabolism ath00051 1.05x10°"° 2.10x107"
Nitrogen metabolism ath00910 3.26x10°" 5.79x10 "
Biosynthesis of amino acids ath01230 4.02x10°" 6.43x10

x4
Table 4

METR T AR NI N EERNERRE

Enrichment pathways for genes corresponding to Arabidopsis thaliana

root down-regulation reactions

BN KEGGi#i 1D p i FDR
Carbon metabolism ath01200 3.50x10 % 4.20x10°"
Carbon fixation in photosynthetic organisms ath00710 1.42x10°* 8.53x10°"
Glycolysis / Gluconeogenesis ath00010 1.63x10° 6.53x10°%
Biosynthesis of amino acids ath01230 1.16x10 3.48x10™
Biosynthesis of antibiotics ath01130 2.89%x10% 6.94x10%
Metabolic pathways ath01100 5.74x10 " 1.15%10"°
Pentose phosphate pathway ath00030 8.53x10°" 1.46x10™"
Fructose and mannose metabolism ath00051 4.30x10™" 6.45x10"
Biosynthesis of secondary metabolites ath01110 3.44x10™" 4.58x107"
Arginine biosynthesis ath00220 5.65%10 " 6.78x10 "
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x5 HETTHRETARNMYNERNERRRE

Table 5 Enrichment pathways for genes corresponding to Arabidopsis thaliana
hypocotyl down-regulation reactions
i KEGGi# 1D p{H FDR

Carbon fixation in photosynthetic organisms ath00710 1.05x10°™ 14810
Carbon metabolism ath01200 1.40x10 9.80x10 *®
Glycolysis / Gluconeogenesis ath00010 3.94x10°% 1.84x10 %
Biosynthesis of antibiotics ath01130 1.33x10™ 4.66x10 >
Biosynthesis of secondary metabolites ath01110 1.25x10™" 3.49%x10 "
Metabolic pathways ath01100 3.46x10 " 8.08x10
Fructose and mannose metabolism ath00051 2.05%x10 " 410x10°"°
Biosynthesis of amino acids ath01230 1.42x10 ™ 2.48x10 ™
Pentose phosphate pathway ath00030 1.95x10 ™ 3.03x10 "
Arginine biosynthesis ath00220 7.01x10 " 9.82x10 "

*6 HETERAYBELARNYNERNEERRZ
Table 6 Enrichment pathways for genes corresponding to Arabidopsis thaliana etiolated

seedlings up-regulation reactions

i KEGGI#F#ID p1H FDR
Carbon metabolism ath01200 3.78x10°" 4.16x10°°
Biosynthesis of antibiotics ath01130 9.37x10 * 5.15x10 >
Pentose phosphate pathway ath00030 4.01x10 " 1.47x10 "
Carbon fixation in photosynthetic organisms ath00710 6.44x10 " 1.77x10 "7
Nitrogen metabolism ath00910 L45x10 " 3.18x10 "
Biosynthesis of secondary metabolites ath01110 2.22x10 " 4.07x10 "
Biosynthesis of amino acids ath01230 9.14x10 "' 1.44x10 "
Metabolic pathways ath01100 1.76x10 ° 2.42x10°
Glycolysis / Gluconeogenesis ath00010 3.36x10 7 4.11x10 7
Glutathione metabolism ath00480 7.11x10° 7.82x10°
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®7 METYEDARENEERNEEERE
Table 7 Enrichment pathways for genes corresponding to Arabidopsis thaliana

seedlings up-regulation reactions

By KEGGi#i 1D p i FDR
Carbon metabolism ath01200 1.85%10 % 1.37x10
Pentose phosphate pathway ath00030 2.28x107 1.37x10 %
Biosynthesis of antibiotics ath01130 5.24x10 > 2.10x10 %
Biosynthesis of secondary metabolites ath01110 2.05x107° 6.14x107
Metabolic pathways ath01100 3.38x10 " 8.12x10 "
Phenylalanine metabolism ath00360 1.27x10°* 2.55%10 *
Citrate cycle (TCA cycle) ath00020 2.06x10° 3.53%x10°
Carbon fixation in photosynthetic organisms ath00710 9.38x10" 1.41x10°
Glycolysis / Gluconeogenesis ath00010 3.01x10° 4.01x10°

*8 BRI TREEARNYNERNERERRE

Table 8 Enrichment pathways for genes corresponding to Arabidopsis thaliana hypocotyl up-regulation reactions

T KEGGi##%ID p1H FDR
Glyoxylate and dicarboxylate metabolism ath00630 1.12x10°*' 1.23x10 %
Nitrogen metabolism ath00910 2.19x10™* 1.21x10 "
Carbon metabolism ath01200 7.92x10° 2.91x10°°
Carbon fixation in photosynthetic organisms ath00710 5.85%10° 1.61x10 "
Alanine, aspartate and glutamate metabolism ath00250 8.51x10° 1.87x10 "
Pyruvate metabolism ath00620 2.79x10°7 5.12x10 7
One carbon pool by folate ath00670 4.16x107 6.53%x10 "
Citrate cycle (TCA cycle) ath00020 5.85%10 7 8.04x10 "
Biosynthesis of antibiotics ath01130 8.07x10 " 9.86x10 "
Cysteine and methionine metabolism ath00270 1.27x10° 1.40x10°

&9 HWETREDARNMEERNSREE
Table 9 Enrichment pathways for genes corresponding to Arabidopsis thaliana
root up-regulation reactions

T KEGGI#E#ID p A FDR
Oxidative phosphorylation ath00190 3.63x10 % 1.02x10°%
Metabolic pathways ath01100 2.07x10°7° 2.90x10 **
Biosynthesis of secondary metabolites ath01110 1.85x10 " 1.73x107™"
Biosynthesis of amino acids ath01230 3.81x10°"° 2.67x10 ™
Biosynthesis of antibiotics ath01130 6.91x10°"° 3.87x10 ™
Citrate cycle (TCA cycle) ath00020 L77x10™" 8.24x10 ™
Phenylalanine, tyrosine and tryptophan biosynthesis ath00400 5.69x10"° 2.27x10
2-Oxocarboxylic acid metabolism ath01210 5.91x10 "' 2.07x10 "
Phagosome ath04145 6.69x10 " 2.08x10 "

Phenylalanine metabolism ath00360 2.09%10 " 5.84x10 "
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Table 10 Enrichment pathways for genes corresponding to Arabidopsis thaliana

shoot up-regulation reactions

i KEGGH#HID pH FDR
Oxidative phosphorylation ath00190 4.27x10" 5.98x10 '
Phagosome ath04145 1.45%10 " 1.02x10 "7
Metabolic pathways ath01100 5.92x107" 2.76x10 "
Ascorbate and aldarate metabolism ath00053 1.25%10" 4.37x10™"
One carbon pool by folate ath00670 0.001723 0.004825
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