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A transcription factor with a bHLH domain regulates root 
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Dear Editor,

In plants, root hairs are important organs for the up-
take of nutrients and water from the rhizosphere and 
serve as sites of interaction with soil microorganisms [1]. 
A root hair grows as an extension of a single epidermal 
cell and is a simple system, making it an elegant model 
for studying higher plant cell differentiation and cell fate 
determination. Three types of root hair pattern have been 
suggested [2, 3]. Arabidopsis has the striped pattern (Type 
3) of root hairs, which has been extensively reported [4, 5]. 
Type 2 patterns depend on asymmetrical cell division, 
which is found in rice (Oryza sativa L.), Barley (Hordeum 
vulgare) and wheat (Triticum aestivum). Hair-forming 
cells (trichoblasts) in Type 2 roots derive from a late, un-
equal transverse cell division in the epidermal stem cell 
[2]. These different patterns of root hair development in 
different plant species imply the existence of different 
genetic and molecular mechanisms controlling epidermal 
cell behaviors, while the knowledge of the molecular 
mechanisms of Type 2 root hair pattern formation in 
monocot crops is still limited.

Here, we report the identification and characterization 
of a novel basic helix-loop-helix (bHLH) transcription 
factor that regulates root hair development in rice (O. 
sativa L.). To isolate mutants with defects in root hair 
growth, an ethyl methanesulfonate-generated rice (O. 
indica, Kasalath) mutant library was screened in solution 
culture. Two mutants defective in root hair elongation 
were isolated by examining root hair using stereomicro-
scope, and designated as Osrhl1-1 and Osrhl1-2. The 
mutant plants showed no significant differences in root 
length, number of lateral roots and adventitious roots 
(Figure 1A), except for very short root hair (Figure 1B 
and 1C). To examine the morphology of the epidermal 
cells of the mutants in more detail, seedlings were grown 
on Murashige and Skoog media for 3 days after germi-
nation. Roots from wild-type (WT) and Osrhl1-1 plants 
were compared using cryo-scanning electron microscopy 
(Cryo-SEM) (see Supplementary information, Data S1). 

Root hairs located 2-3 mm from the apex were examined, 
and their length and diameter were determined (Figure 
1D and 1E). The length of root hairs of Osrhl1-1 was re-
duced remarkably relative to WT, while no difference in 
root hair diameter was found (Figure 1J). The image of 
Cryo-SEM also showed that the WT epidermal cell pat-
tern as Type 2 formed by unequal transverse cell division 
in the epidermal stem cell [2] may be remediated. In the 
mutant, no clear shorter and longer cells were observed 
as in the WT (Figure 1D and 1E), suggesting that RHL1 
may control the root hair elongation as well as epidermal 
cell patterning in rice.

Genetic analysis of 700 F2 progenies derived from 
a cross between a homozygous rhl1-1 line and the Ja-
ponica cultivar Nipponbare revealed that rhl1-1 pos-
sessed a recessive mutation at a single nuclear locus. The 
OsRHL1-1 locus was mapped to chromosome 6 between 
STS1 and STS2 in a PAC clone P0554A06 (Supple-
mentary Information, Figure S1A). Within the mapped 
region, one gene with a bHLH domain (GenBank acces-
sion No. BAD72512) was found. Sequencing analysis in-
dicated that the point mutation in Osrhl1-1 disrupted the 
splicing site between exon 2 and intron 2, resulting in the 
addition of intron 2 to the mRNA of OsRHL1 and a shift 
in the reading frame. In Osrhl1-2, two base pairs (GC) at 
position 179 were deleted (Supplementary information, 
Figure S1B and S1C).

To determine the function of RHL1, complementation 
analysis was performed in the Osrhl1-1 mutant line us-
ing Agrobacterium tumefaciens-mediated transformation. 
The 1 263-bp coding region of OsRHL1 was cloned into 
the pCAMBIA 1301 vector and expression was driven 
by the 35S promoter. Ten independent transgenic lines 
were obtained, with 10-20 sibling plants in each line. 
Insertion and expression of the transgene were confirmed 
by RT-PCR and Southern analysis (Figure 1H and 1I). 
Cryo-SEM images of primary roots of WT and two in-
dependent Osrhl1-1 mutant transgenic lines with over-
expression of OsRHL1 showed that the transgenic lines 
had longer root hairs on primary roots than WT plants 
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(Figure 1F, 1G and 1K). To examine the subcellular lo-
calization of OsRHL1, OsRHL1 was fused in-frame to 
the amino-terminus of mGFP4 and transiently expressed 
in onion epidermal cells. The green fluorescence signal 
of OsRHL1-GFP was detected only in nuclei, suggesting 
that OsRHL1 is a nuclear protein (Supplementary infor-
mation, Figure S2A and S2B). To evaluate the expression 
pattern of OsRHL1, the 2 442 bps upstream of the coding 
region of OsRHL1 was fused to the GUS reporter gene. 
This chimeric gene cassette was introduced into WT 
plants via agrobacterium-mediated transformation. His-
tochemical staining for GUS activity in T2 plants showed 
that the reporter gene was expressed in root hair cells 
(Figure 1L and 1M). To investigate detailed expression 
pattern in roots, we examined the GUS staining pattern 
in longitudinal section from the root hair zone. It was 
shown that the gene was expressed specifically in root 
hair cells at root hair development sites (Figure 1N). In 
the above ground tissues, the GUS staining was observed 
in hull and base of panicle branches, but not in leaf, stem 
and flower (data not shown).

OsRHL1 belongs to subfamily C of the rice bHLH 
family and is highly homologous to members of subfam-
ily 17 of the bHLH family in Arabidopsis [6, 7] (Supple-
mentary information, Figure S1D). No member of this 
subfamily was found to be involved in root hair devel-
opment in Arabidopsis so far. In light of our findings, 
we suggest that OsRHL1 is a novel bHLH transcription 
factor involved in the regulation of plant root hair devel-
opment. Data from this report provide new information 
about the molecular mechanisms controlling plant root 
hair development and increase our understanding of the 
regulation of root hair development in cereal crops.
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(Supplementary information is linked to the online version of 
the paper on the Cell Research website.)

Figure 1 Phenotypic and complementation analyses of the rhl1-1 mutant. (A) Seedlings (7-day-old) of WT and two allelic 
rhl1 mutants (from left to right). Bar = 2 cm. (B and C) Stereomicroscope images of roots of WT and rhl1 mutant (only rhl1-
1 is shown). Bar = 0.5 mm. (D and E) Cryo-SEM images of root hairs at 3 mm from root tip of WT (D) and rhl1-1 mutant (E). 
Seedlings were grown vertically for 3 days on MS media. (F) Cryo-SEM images of the root tips of the wild type and two lines 
with overexpression of RHL1 (Ov1 and Ov2). (G) Cryo-SEM images of 2 to 3 mm from the root apex of the wild type and two 
lines with overexpression of RHL1 (Ov1 and Ov2). (H and I) Southern blotting analysis (H) and RT-PCR analysis (I) for two 
lines of transgenic plants. (J) Average values of root hair length (RHL) and root hair diameter (RHD). Seedlings were grown 
vertically for 3 days on MS media (only rhl1-1 is examined). Error bars indicate the SD (n = 100). Root hairs examined were 
in the 2 to 3 mm range from the root apex in a 100×100-μm2 region. (K) Comparison of the length of root hairs (RHL) on 
primary roots of 3-day-old seedlings grown on agar medium between wild type and the two transgenic lines (Ov1 and Ov2). 
Error bars indicate the SD (n = 100). Root hairs examined were in the 2 to 3 mm range from the root apex in a 100×100-μm2 
region. (L-N) RHL1 promoter-driven GUS expression in roots. L, root hair region; M, root hairs; N, longitudinal section of root 
hair region from L.


	A transcription factor with a bHLH domain regulates root hair development in rice
	Acknowledgements
	References




