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determines root morphology of young rice seedlings
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ABSTRACT
Seminal root growth is one of the factors to determine rice seedling establishment. Our previous reports
showed light can induce Z-type wavy root and coiling root morphology in several rice (Oryza sativa L.)
varieties, and the regulated Z-type and unregulated coil seminal roots were resulted by different
circumnutational trajectories. Moreover, the light-induced seminal root waving was conducted by an NO-
dependent signaling pathway. In order to further reveal the difference of root tip movement between
straight and wavy seminal roots; here, the root tip movement trajectories of Tainung 67 variety (TNG67;
presented straight root in light conditions) and Taichung Native 1 (TCN1; presented Z-type wavy root in
light) were recorded and analyzed in both white light and dark (dim far-red light was applied in dark for
taking time-lapse photography) conditions. The results showed the root tip movement of both rice
varieties in low intensity of dim far-red light conditions were followed the circumnutation path. However,
the stimuli of high intensity of white light would increase the root helix angle in TCN1 seedlings but not in
TNG67. In addition, slowing down the rate of root helix was induced by white light treatment in TCN1 but
not in TNG67 seedlings. In conclusion, changes of TCN1 rice seminal root morphology from straight to
wavy type stimulated by light was resulted by both helix angle increasing and circumnutation rate
slowing of root tip movement.
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Circumnutation is a spiral movement of growing organs in
plants, and it was firstly described by Darwin in the book “The
power of movement in plants.”1 Circumnutation was consid-
ered as an internal activity of plants. However, some reports
had also indicated that the regularity of circumnutation pattern
could be affected by external stimuli such as gravity, moisture,
touch, and light.2,3

Light is not only the energy source for plant growth and
development, but also an environmental signal to modulate
plant photomorphogenesis for helping plants adapt to envi-
ronmental conditions.4-7 Several mechanisms of photomor-
phogenesis in rice (Oryza sativa L.) such as inhibition of
seminal root elongation and coleoptile growth have been
studied.8-10 Our previous works showed light stimulate
induced Taichung Native 1 (TCN1; an indica type rice) dis-
played a regular Z-type wavy phenotype in young seedlings
under light conditions to replace a straight root phenotype
in the dark. Tainung 67 (TNG67), a japonica rice variety,
presented a straight root phenotype in both light and dark
conditions.11 However, Taichung Sen 17 (an indica-type rice,
TCS17), demonstrated irregular coiling seminal roots both in
light and dark.11 Thus, it was suggested that genetics factor
plays an important role to determine light sensitivities and
effects on plant morphology and physiological responses.
Based on the root tip movement recorded by time-lapse pho-
tography, it was already known that the difference of root

phenotype in light conditions between TCN1 and TCS17
was resulted by various root tip movement trajectories.11

However, it is still unclear whether the straight and the Z-
type wavy roots of TCN1 seedlings in dark and light condi-
tions, respectively, were conducted by different movement
trajectories of root tips or helix characteristics (e.g. helix
angle and rate).

In this report, the movement of root tips of TCN1 and
TNG67 seedlings in light and dark conditions were observed
and analyzed. Since automatic-timed photography could not be
carried out in the completely dark condition, the dim far-red
light (D-FR, 3 mmol m¡2 s¡1) was applied for taking photogra-
phy to record the root tip movement in the dark condition.
Our previous experiment result also indicated wavy root mor-
phology would not be presented if the white light intensity was
down to 3 mmol m¡2 s¡1.11 The straight root morphology
under 3 mmol m¡2 s¡1 of D-FR light conditions was the same
with that in dark (Fig. 1A), and the results of root tip trajectory
analysis showed that root tips of both rice varieties moved with
circumnutational trajectories under both dim far-red light and
white light conditions (100 mmol m¡2s¡1) (Fig. 1B). In TCN1
seedlings, the helix angle of root tip movement was about §20
degrees under dim far-red light conditions, and the circumnu-
tation rate was 1.1 cycle per hr. The record of the TCN1 seed-
ling under white light conditions showed that the helix angle of
root tip movement was also about §20 degrees and the
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circumnutation rate was about 1.0 cycle per hr during the
beginning 24 hr-light treatment. However, the angle of root tip
movement was up more than §40 degrees after 24-hr light

exposed; in addition, the rotation rate was decreased to around
0.3 cycle per hr (Fig. 1B). The result of helix rate of TCN1 root
tip in 100 mmol m¡2 s¡1 of white light condition showed here

Figure 1. Light modulate root tip movement of rice young seedlings. The germinated rice (TCN1 and TNG67) seeds were grown in water. Seedlings were treated with
white light, dim far-red light, and dark. Morphology of root tips (A), helix angles and rate of root tip movement (B) were recorded. W, 100 mmol m¡2s¡1 of white light; D,
dark; D-FR, 3 mmol m¡2 s¡1 of dim far-red light.
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was consistent with our previous observation of the helix period
(about 4.7 hr) of TCN1 root tip movement under a situation
with 90 mmol m¡2 s¡1 of light.11 Comparison of the root tip
behaviors of TCN1 seedlings in dim far-red light and white
light suggested that alterations of helix angle and rate of root
tip movement conducted the root morphology change from
straight to visible wavy phenotype. On the other hand, the helix
angle of root tip movements of TNG67 rice seedlings were
about §20 degrees under both dim far-red light and white light
conditions, and the helix rate were about 0.8 and 0.7 cycle per
hr, respectively. In other words, the angle of root tip movement
and the period of circumnutation were not obviously changed
by illumination in TNG67 seedlings (Fig. 1B). Comparison of
the circumnutation patterns between TCN1 and TNG67 indi-
cated light promoted root helix angle increasing and helix rate
decreasing were variety-dependent. Moreover, the root tips
movement of both straight root and wavy root during growth
followed regular helix trajectory but the higher degree helix
angle and slower helix rate conducted the visible Z-type wavy
root morphology.

Our previous studies indicated light stimuli triggers NO pro-
duction in TCN1 rice seminal roots and induces wavy roots via
the signals of oxylipins, ethylene and auxin in that order.12

Revealing whether the sensitivities to light stimuli or/and above
mentioned cellular signals were different between TCN1 and
TNG67 rice varieties could be expected to provide more infor-
mation for understanding the interactions of genetic and envi-
ronmental factors (i.e. light) in rice plants.
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