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Root is an important plant organ for anchoring the plant and 
acquiring minerals and water from the soil. Roots move through 
the rhizosphere by elongating.1 Root elongation is determined 
by the proliferation and elongation of cells, primarily within 
the elongation zone. 2 Different from the animal cells, the plant 
cells were covered with a lay of cell wall, which can support the 
shape of the cell. Cellulose is a major component of the cell wall. 3

Therefore, the synthesis and remodeling of cellulose plays an 
important role in plant development and also the root elongation.

It is well known that rice can alter its root architecture to 
adapt to environmental stresses, such as phosphate starvation. To 
check whether nitrogen starvation also affects cellulose content 
to modulate rice root architecture in rice, we observed rice root 
architecture under the stress and measured the cellulose content.

The Wild type (WT, SSBM) were grown for 10 d in media 
without nitrogen and transferred to low nitrogen media (2 mg/L 
nitrogen) or control media (40 mg/L nitrogen) for another 20 
d respectively. The nitrogen starvation stress leads to an around 
20% increase of primary root elongation in WT as compared 
with that grown under the control condition, Figure 1A ). To 
determine whether the root elongation under nitrogen starvation 
is due to the induction of cell elongation or enhanced mitotic 
activity, longitudinal sections of the primary root maturation 
zone and the expression patterns of OsCYCB1;1:GUS under 
the treatment were analyzed. It showed that nitrogen starvation 
can lead to an increase of approximately 13% in rice root cell 
elongation ( Fig. 1C and E). Also, the starvation activates root 
mitotic activity as visualized by a broader GUS staining in the 
root tip (Fig. 1F ). Together, this indicates that similar to phos -
phate starvation, the nitrogen starvation also stimulates primary 
root elongation by inducing root cell elongation and activating 
root mitotic activity.

Previously, we showed that OsGLU3, a β-1,4-endoglucanase, can affect the cellulose synthesis for root elongation in 
rice. And the phosphate starvation induced root elongation in rice depends on the function of OsGLU3. Here, we further 
showed that OsGLU3 is also dispensable for nitrogen starvation induced root elongation in rice.
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Furthermore, we also found that the nitrogen starvation can 
lead to an approximately 15% increase in root cellulose content 
(Fig. 1D). This indicates that the nitrogen starvation, can also 
affect cellulose synthesis to modulate root architecture. To test 
this hypothesis, we checked the root architecture and cellulose 
content of the Osglu3-1 mutant under nitrogen starvation stress. 
It showed that nitrogen starvation could not obviously induce 
root and root cell elongation in Osglu3-1 (Fig. 1A, C and E ). 
Under the stress, the defect of root cell division of Osglu3-1 was 
more severe as visualized by a decrease of OsCYCB1;1:GUS 
expression in Osglu3-1 (Fig. 1F ). Also the root cellulose con -
tent of Osglu3-1 was not obviously increased under the stress 
(Fig. 1D). Consistent with these observations, the nitrogen star -
vation induced root elongation is also abolished in the OsGLU3 
loss function mutant, Osglu3-2 (Fig. 1B ). Therefore, it sug-
gests that nitrogen starvation induced primary root elongation 
depends on the activity of OsGLU3.

Altogether, these data with our previous work indicate that 
both the phosphate and nitrogen starvation can affect root cell 
wall cellulose synthesis to modulate root architecture in an 
OsGLU3 dependant way in rice. It was well known that under 
the phosphate or nitrogen starvation, plants showed an increased 
root: shoot biomass ratio. These responses might be resulted 
from the alteration of carbon partitioning to favor root growth, 
therefore improve the ability to acquire the mineral elements. 4 
Since, the exogenous application of glucose can elevate the cel -
lulose content in rice root,5 we proposed that both the nitrogen 
and phosphate starvation may induce the carbon partitioning 
to root tissue, which leads to an induction of cellulose synthesis 
and favors the root elongation in rice. Furthermore, OsGLU3 
is a key player in this system, as loss of function of it can abol -
ish the response. However, how the plants sensing the external 
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starvation signals to alter the carbon partitioning and how the 
plants integrate the internal carbon signal and the external star-
vation signals to modulate the root mitotic activity are still need 
to be addressed in future.
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Figure 1. nitrogen starvation induces root elongation in an OsGLU3 dependant way in rice. (A) The phenotype of WT (SSBM) and Osglu3-1 under 
nitrogen-starvation. a, WT under control condition; b, WT under nitrogen starvation; c, Osglu3-1 under control condition; d, Osglu3-1 under nitrogen 
starvation. Bar = 2cm. (B) The phenotype of WT (Dongjin) and the T-DnA insertion mutant Osglu3-2 under nitrogen starvation. a, WT under control 
condition; b, WT under nitrogen starvation; c, Osglu3-2 under control condition; d, Osglu3-2 under nitrogen starvation. a-b, Bar = 2cm; c-d, Bar = 1cm. 
(C) nitrogen-starvation could not induce root cell elongation in Osglu3-1. (D) The root crystalline cellulose (TFA-insoluble) content of Osglu3-1 was not 
obviously changed under nitrogen starvation. Data are mean values from three independent experiments, each performed in triplicate. Error bars 
represent standard error (SE). Different letters are used to indicate means that differ significantly (p < 0.05). CWM: cell wall material. (E) nitrogen starva-
tion could not induce the cell elongation in Osglu3-1. Bar = 50μm. (F) restricted OsCYCB1;1:GUS expression in Osglu3-1 under nitrogen starvation. Bar = 
100μm
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