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The basic functions of all plant roots are acquisition of water 
and nutrients, anchorage of above-ground part, and environmental 
sensing.1,2 Therefore, a good root system is very important for 
plant growth. The formation of a root system is a very complex 
developmental process, which requires many genes.2 Rice has a 
unique root system, which is composed primarily of seminal root, 
numerous crown roots that develop from the stem and lateral roots. 
However, only few genes involved in the root development have 
been identified. Recently, we isolated a mutant with short root.3 
Genetic and molecular analysis showed that the gene (OsASL1) 
responsible for the short root encodes argininosuccinate lyase 
cleaving argininosuccinate to arginine and fumarate reversibly at 
the last enzymatic reaction of arginine (Arg) biosynthesis. These 
findings indicate that Arg is essential for normal root growth in 
rice.3

OsASL1 gene has 2 distinct transcripts produced from 
different transcription start sites of OsASL1, OsASL1.1 and 
OsASL1.2, respectively. However, yeast assay revealed that only 
OsASL1.1 has an argininosuccinate lyase activity,3 indicating 
that the N-terminal region of OsASL1 is important for the 
enzyme activity or substrate specificity. The OsASL1.1 transcript 
was detected in both the roots and shoots at the vegetative stage.3 
A more detailed analysis of the expression in different organs at 
different growth stage showed that OsASL1.1 was also expressed 
in other organs such as flag leaf sheath, peduncle, and spikelet 
at the reproductive growth stage (Fig. 1A). These results suggest 
that OsASL1.1 may also play a role in other organs. By contrast, 

OsASL1.2 was mainly expressed in the roots throughout the 
whole growth period (Fig. 1B).

OsASL1.1 is localized to the plastid.3 We also investigated the 
subcellular localization of OsASL1.2 by co-expressing OsASL1.2-
GFP construct with OsFd III-TagRFP, which is a marker protein 
localized at the plastid,4 in onion epidermal cells. We found that 
unlike OsASL1.1, OsASL1.2 was not localized to the plastid, but 
in the nucleus and also likely anchored to the plasma membrane 
(Fig. 2A-C). The only difference in protein sequence between 
OsASL1.1 and OsASL1.2 is in the N terminus.3 This region is 
generally considered to contain most signal peptides of protein 
localization in the cell, such as signals for mitochondria, chloroplast, 
and the endoplasmic reticulum.5,6 Our results suggest that the 
N terminus of OsASL1 determines its subcellular localization 
(Fig. 2). OsASL1.2 may have different role from OsASL1.1 
although further functional analysis of OsASL1.2 is required.

Arg is a precursor for the biosynthesis of nitric oxide (NO), which 
participates in root development as a signaling molecule in the 
cell.7,8 To examine whether the short root in the mutant was caused 
by the lack of NO in the roots, exogenous sodium nitroprusside as 
a nitric oxide donor was supplied to the growth solution. Addition 
of sodium nitroprusside at different concentrations did not restore 
the short-root phenotype of the mutant (Fig. 3A-C). This result 
suggests that the short-root phenotype in the mutant is not 
associated with NO signaling pathway.

The short root phenotype could be rescued by supplementation 
of arginine at 0.1 mM, but not other amino acids,3 indicating that 
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Plant roots play an important role in uptake of water and nutrients, support of above-ground part and environmental 
sensing, but the molecular mechanisms underlying the root development are poorly understood in rice. We found that a gene 
(OsASL1) encoding argininosuccinate lyase is involved in normal root development of rice. osaSL1 cleaves argininosuccinate 
to arginine and fumarate reversibly, the last step in the arginine biosynthetic pathway. here, we further characterized 
OsASL1 in terms of expression pattern, subcellular localization, and arginine effect on the root growth. a detailed expression 
analysis revealed that 2 transcripts of OsASL1, OsASL1.1 and OsASL1.2, showed different expression patterns; OsASL1.1 was 
expressed in most organs throughout the whole growth period, whereas OsASL1.2 was mainly expressed in the roots. in 
contrast to plastid-localized osaSL1.1, osaSL1.2 was localized to the cytosol and nucleus. the short-root phenotype of 
the mutant was not rescued by exogenous addition of the sodium nitroprusside, a nitric oxide donor, but rescued by an 
appropriate concentration of arg. our results indicate that the subcellular localization was determined by the n terminus of 
osaSL1 and that appropriate concentration of arg is required for normal root elongation in rice.



©
 2

01
4 

La
nd

es
 B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

e28717-2 Plant Signaling & Behavior Volume 9 

Figure 1. Expression pattern of OsASL1.1 and OsASL1.2. Different organs at various stages of rice grown in paddy field were sampled for rna extrac-
tion. the expression was determined by real-time quantitative rt-PCr. Expression of OsASL1.1 (A) and OsASL1.2 (B) relative to the root at flowering 
stage is shown. HistoneH3 was used as an internal standard. Data are means ± SD of 3 biological replicates.

Figure 2. Subcellular localization of osaSL1.2. a fusion of OsASL1.2 and GFP was co-introduced with OsFd III-TagRFP into onion epidermal cells. (A) 
Fluorescence of GFP; (B) Fluorescence of tagrFP; (C) merged image of GFP and tagrFP. Scale bars = 20 μm.
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the short-root phenotype results from Arg deficiency. On the other 
hand, compared with the wild type, free Arg concentration in the 
roots of the mutant is similar.3 A previous study has reported that 
a fine-tuned regulatory system controls Arg level at low level in 
the roots.9 To support this, we tested the effect of different Arg 
concentrations on the root elongation in both WT and the mutant. 
At Arg concentration up to 0.1 mM, addition of Arg did not affect 
the root growth of the WT (Fig. 4A-C), but Arg at 0.05 mM was 
not able to rescue the short root phenotype. On the other hand, at 
higher Arg concentration (> 0.2 mM), the root growth of the WT 
was inhibited although the root growth of the mutant was rescued 
partially (Fig. 4D-F). These results indicated that although Arg 
serves not only as an essential amino acid for protein synthesis 
but also as a precursor for the biosynthesis of many compounds, 
which are important for the functioning of the cell,7 an appropriate 
concentration is essential for normal root growth at least in rice.

In summary, our results demonstrated that the subcellular 
localization of OsASL1.1 and OsASL1.2 was determined by N 
terminus of OsASL1 and that an appropriate concentration of Arg 
is essential for normal root elongation in rice.
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Figure 3. Effect of exogenous sodium nitroprusside on the primary root growth. Germinated seeds of wild type (left) and mutant (right) were 
exposed to a 0.5 mm CaCl2 solution containing 0, 0.5, and 1.0 mm sudium nitroprusside as a nitric oxide donor for 5 days.

Figure  4. Effect of different arg concentrations on the primary root 
growth. (A-F) Germinated seeds of wild type (left) and mutant (right) 
were exposed for 5 days to a 0.5  mm CaCl2 solution containing 0 (A), 
0.05 mm (B), and 0.1mm (C) arginine or 0 (D), 0.2 mm (E), and 0.5 mm 
(F) arginine.
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