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Observation of Rice Gene/Protein Expression and Rice Growth and Development by Low-level Gamma Ray
Exposure in litate Village
Randeep Rakwal (University of Tsukuba)

Email; plantproteomics@gmail.com

Abstract

In the summer of 2012, one year after the 3.11 nuclear accident at Fukushima Daiichi plant following the
Great Tohoku Earthquake, a project was initiated to examine the effects of low-level gamma radiation on rice
plants. The site of the experiment was the highly contaminated litate village in Fukushima prefecture of Japan. The
experiment was set up at the litate Farm (ITF), which is located 31 kms from the nuclear power plant, having a
background radiation level over 100 times (about 5 uSv/h) than normal. The basic experimental strategy was to
expose healthy rice seedlings to continuous low-dose gamma radiation and investigate the changes in the
physiology and at the molecular level — gene (transcriptomics), protein (proteomics), and metabolite.

The experiment was started by growing healthy rice seedlings. For this present study, Japonica-type rice
(Oryza sativa L.) cv. Nipponbare was used as the test material. Healthy rice seedlings were transported to ITF, and
placed in a designated area that was defined as a low-level gamma field. There was no direct contact between the
rice seedlings and the contaminated soil, thus helping us observe primarily the effects of gamma radiation alone.
Exposure times were set at 6, 12, 24, 48, and 72 h after arrival at ITF, and the rice leaves at the 3" position (from
the base) from 6 to 10 seedlings were sampled.

Prior to analysis of gene expression, the rice leaf samples powders were prepared. For the first part of the
analyses, total RNA was extracted from the leaves, and whose quality and quantity were determined to be excellent
for downstream analysis. Selected gene expression profiles of internal control, DNA repair/damage, oxidative
stress, photosynthesis, and defense/stress functions were examined by semi-quantitative RT-PCR. Results revealed
that low-level gamma radiation affects the expression of numerous genes, in particular showing the early (6 h)
induction in DNA repair/damage-related genes and the late (72 h) induction of a previously described marker gene
for defense/stress responses. Based on these results, which confirmed our data from preliminary experiments using
detached rice leaves for radiation exposure, we proceeded for DNA microarray analysis.

Using the established dye-swap approach, we analyzed the differentially expressed genes at 6 and 72 h
time points using a whole rice genome 4 x 44 K custom chip. A rice 4 x 44K custom (eARRAY, AMAdid-017845)
oligo DNA microarray chip (G2514F: Agilent Technologies, Palo Alto, CA, USA) was used; 0 h controls were
also analyzed. Obtained results showed that exposure to low-level gamma radiation differentially regulated 4481
(induced) and 3740 (suppressed) and 2291 (induced) and 1474 (suppressed) rice leaf genes at 6 and 72 h
post-exposure, respectively, by at least two-fold changes. Proteomics approach involved extraction of proteins from
the 0 h healthy control and 72 h gamma irradiated leaves in a lysis buffer followed by analysis using the 2-D-DIGE
technique and DeCyder analysis and identification of the proteins by mass spectrometry. A total of 91 differentially
expressed protein spots were identified.

I thank the people of litate village (Fukushima) and all other people involved in this study at various parts

of the experiment for their support and encouragement, without which this work could not have seen light.
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