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Abstract
Roots are important organs in all vascular plants. They anchor the plant, and absorb water and nutrients from the soil. During the
growth of the plant, both primary root elongation and root hair formation occur. In the present study, we aimed to clarify the effects

of root hair formation on primary root elongation. We measured primary root length in several mutant plants with different number
of root hairs. The mutants with many root hairs showed similar or somewhat inhibited growth of the primary roots as compared with
that of the wild-type plants. However, the mutant with few root hairs showed significantly enhanced primary root growth as compared
with that in the wild type plants. Our results suggest that root hair formation might inhibit primary root growth. As the number of
root hairs decreases, the growth of primary root might increase.
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Rapid Communication
Plant roots facilitate the collection of water and nutrients that are essential for growth and survival. Differences in root
architecture have been linked to the survival of plants under harsh environmental conditions. Root hairs are outgrowths on
root epidermal cells. Owing to their large surface area, root hairs efficiently absorb water and nutrients needed for the plant.
In Arabidopsis thaliana roots, epidermal cells differentiate into two types of cells, root hair cells and non-hair cells [1,2].
Root hair formation is controlled by root hair formation related transcription factors, including CAPRICE (CPC),
WEREWOLF (WER), GLABRA2 (GL2), and TRANSPARENT TESTA GLABRA1 (TTG1), in Arabidopsis [3]. The cpc-1
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mutant produces less root hairs than the wild-type plants [4]. However, the wer-1, gl2-1, and ttg1-1 mutants produce more
root hairs than the wild-type plants do [5-7].
The A. thaliana cpc-1, wer-1, gl2-1, and ttg1-1 mutants were all described previously [4,6,8]. Plants were grown on agar
plates as described previously [9].

In accordance with the previous results, cpc-1 showed significantly reduced number of root hairs as compared with that of
wild-type plants FIG. 1 [4]. However, wer-1, gl2-1, and ttg1-1 showed approximately 1.5 times greater number of root hairs
than that of wild type FIG. 1 [8].

FIG. 1. Number of root hairs in seven-day-old Arabidopsis seedlings of the wild type, Col-0, and the mutants, cpc-1,
wer-1, gl2-1, and ttg1-1. The number of root hairs per mm was determined by counting ten seedlings from each line.
Error bars indicate standard errors.

Age of the seedlings had significant effects on the primary root length. All of the three-day-old mutant seedlings (cpc-1, wer1, gl2-1, and ttg1-1) showed similar primary root lengths (approximately 0.5 cm) as that of the wild type Col-0 FIG. 2.
However, the root length of ten-day-old seedlings varied from 2.6 cm to 5.6 cm FIG. 2. The cpc-1 mutant showed rapid
growth characteristics throughout the measured period FIG. 2. The gl2-1 and ttg1-1 mutants showed similar growth profiles
as that of the wild type, Col-0 FIG. 2. The wer-1 mutant showed the slowest growth curve over the entire measurement
period FIG. 2. Our results suggest that the inhibition of root hair formation may contribute to promotion of the primary root
growth.

As we had expected, the presence of a smaller number of root hairs might be compensated by enhancement of primary root
growth in the cpc-1 mutant. Intuitively, a large number of root hairs might trade off with primary root length in the wer-1
mutant. However, unexpectedly, the gl2-1 and ttg1-1 mutants showed similar primary root growth as that of wild type, Col-0.
Many root hairs in the gl2-1 and ttg1-1 mutants might enhance the absorption of water and nutrients, thereby resulting in
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FIG. 2. Primary root length of Arabidopsis root hair seedlings of the wild type, Col-0, and the mutants, cpc-1, wer-1,
gl2-1, and ttg1-1. The length of the primary roots was determined by measuring at least seven seedlings from each line.
Days indicate age of seedlings. Error bars indicate the standard errors.

more primary root growth than their original potential. Further investigation with root hair or root growth mutants will help to
elucidate the precise mechanisms controlling root phenotype.
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