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I ntroduction

Boron (B) is one of the essential elements for plant growth and development. Dgfafi@bas
been identified as a serious agricultural issue in more thaord@8 in 80 countries (Shorrocks,
1997). Limitation of B impairs growth of young tissues and seed sethwsults in depressed
guality and quantity of agricultural products. In rice, B content is ditime lower than those of
dicot plants (Matoh et al., 1996). And thus rice young seedlingaswely resistant to B limited
condition (Yu and Belle, 1998) compared to dicot plants suénasdopsis (Miwa et al., 2006).
However, the effect of B limitation until the reproductive phasiétlis known in rice. In this study,
we evaluate the growth and yield of rice subjected to Bcigeti condition by hydroponic
experiments.

We previously reported that a boron efflux transpdd&OR1 plays a crucial role in efficient
root-to-shoot translocation in rice (Nakagawa et al., 2007). Oveessipn of AtBOR1 improved
growth and seed fertility iArabidopsis plants under B deficient condition (Miwa et al., 2006). But
this strategy, up-regulation of native B transporter to achieviléx@nce to B deficiency, has not
been applied for the crop so far. We herein generated severalndéepénes of transgenic rice
plants overexpressing riGOR1 and characterised the phenotypes of these transgenic rice plants

under B deficient condition.

Materials and methods

Effect of boron deficiency onrice

Rice QOryza sativa L) cultivar Nipponbare was used. Growth experiments wereechaut in a
green house under natural light condition (30°C/25°C, day/night). Afterigation on the agar
medium containing 0.5 mM Cagkeedlings were transferred to a Kimura B hydroponic solution
containing 2 mM MES (pH 5.6) with different B levels: ConcentratibB in the solution was 18
UM for B sufficient condition, and 18, 0.18, 0.03 uM for B deficient inegits. Seedlings were
grown until grain ripening stage and plant height was measuregaher week. At harvest, yield
components were measured. Concentration of B in flag leaf and huskedbgoavn rice) were
determined by ICP-MS after digestion using nitric acid and hydrogen peroxide.

Transgenic rice over-expressing rice boron transporter gene
We generated 11 independent lines of transgenic rice which woelgbeted to over-express rice
boron transporter gen®@sBOR1. For RT-PCR analysis, total RNA was isolated from roots of



seedlings subjected to 0.18 uM B treatment using RNeasy PlantkmifQIAGEN) and
reverse-transcribed using ExScript RT-PCR kit (Takara). Spewifnes forOsBOR1-sGFP (5'-
CACTAGAAGCCGTGGTGAAA -3’ and 5'- GCTGAACTTGTGGCCGTTC-3and OsUBQ5
(5'- GAAGGAGGAGGAAATCGAAC-3' and 5'- CTTCACAGAGGTGATGCTAGG-3’) were
used to amplify the fragment of respective genes by PCR. Buottlgexperiments, plants were
grown hydroponically under B sufficient (18 uM) and deficient (0.18 pdaddions for 2 weeks
and root length and shoot height were measured every 7 days. Xagemas collected from these

plants and B concentration in sap was determined by ICP-MS.

Results and discussion

Effect of boron deficiency onriceyields a 80
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Figure 1. Plant height (a) and spikelet number (b) of rice
plants grown hydroponically under B limited condition. n=3.

were relatively tolerant to B limited condition
however, continuous low B supply clearly impairs the vegetative anddective growth, leading

to decreased yields.



Transgenic rice over-expressing OsBOR1-GFP
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in roots of transgenic rice and NT subjected to 0.18 uM B for
compared to those of NT an@ weeks. (b) Shoot elongation of transgenic rice and NT under
transformants with weak expression C;'® WM B for2weeks. n=3.
introduced gene (data not shown). These results suggest that inengasssion of the rice boron
transporterBOR1 enhanced root-to-shoot translocation of boron, which might be resaolted

improved B acquisition and further growth under boron deficient condition.
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