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Elucidation of the symbiosis mechanism to improve the nitrogen fixation in legume

Agarie (Nomura), Mika

4,000,000

8 RNA
qRT-PCR
NO

Iron is an essential micronutrient for the legume rhizobium symbiosis and is
accumulated abundantly in nodule. lron homeostasis needs to be strictly controlled to avoid toxicity.
Homeostasis of iron in plants is achieved through processes requiring proteins and small organic
molecules. Among the molecules, ferritins are a class of iron storage proteins. During nodule senescence,
total iron concentration in nodule was decreased, whereas expression of ferritin, Ljferl, was induced in
Lotus japonicus. We have identified signal transduction pathway leading to the increase of Ljferl in
nodule. The Ljferl promoter of L. japonicus is conserved Iron-Dependent Regulatory Sequence (IDRS). The
expression of Ljferl was induced by application of iron or sodium nitroprusside. Moreover, application of
iron in nodule increased the nitric oxide (NO). These data indicate that iron-induced NO leads to
increase the expression of Ljferl in the senescence of L. japonicus nodule.
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Figure 1 Functional classification according to euKaryotic Orthologous Groups (KOGs) database.
Relative frequency of genes belonging to a category is given for 2 data sets: The expression of up-
regulated genes (M) and d genes () were more than two-fold and less than 1/2-
fold nodules at 8 wpi compared to nodules at 2 wpi, respectively. J: translation, ribosomal
structure and biogenesis, A: RNA processing and modification, K: transcription, L: replication,
recombination and repair, B: chromatin structure and dynamics, D: cell cycle control, cell division,
chromosome partitioning, Y: nuclear structure, V: defense hani: T: signal ducti

hani M: cell wall t lope bi is, Z: cytoskel w: Tlul

structures, U: intracellular trafficking, secretion, and vesicular transport, O: posttranslational
modification, protein turnover, chaperones. C: energy production and conversion, G: carbohydrate
transport and metabolism, E: amino acid transport and metabolism, F: nucleotide transport and
metabolism, H: coenzyme transport and metabolism, I: lipid transport and metabolism, P:
inorganic ion transport and metabolism, Q: secondary metabolites biosynthesis, transport and
catabolism, R: general function prediction only, S: function unknown, No hits. The data represents
percentage of number of up- or down regulated genes in each KOGs per number of genes in each
classified KOGs.




Figure 2 Expression
profiles of genes
differentially expressed
during nodule senescence.
The graphs show the
expression patterns of
significant genes for each
cluster. The total number
of genes in each cluster is
indicated in parentheses.
The data are expressed as
average normalization and
standard deviation (SD).
The coefficient of variation
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Figure 3 Comparison of relative expression levels in the microarray analysis with RT-PCR. Representatives of genes in
cluster 1 (M), cluster 2 (M), cluster 3 (M) and cluster 4 (M) during nodule development. The expression profile was
normalized to ubiquitin. Al of the data are shown as & SD. Wpi: weeks post inoculation
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Fig. 5 Iron concentration of cell sap (A) and the residues (B) from the nodules at 2, 4, and 8 wpi by
ICP-MS. Error bar indicates mean + SD. Statistically significant differences (p<0.01) compared with
M. loti-inoculated nodule at 2 wpi are indicated by asterisk.
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Fig. 6. Expression of ferritin gene treated with a various
concentration of SNP (A) and with or without cPTIO (B). Mock
represents control treated with distilled water. The amount of
transcripts were estimated by means of quantitative real-time RT-PCR
normalized to ubiquitin transcripts. Error bar indicates mean = SD.
Statistically significant differences (P<0.01) compared with the
distilled water are indicated by asterisk.
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