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cells were endowed with BOR proteins, but did not possess NIP
transporters to enhance the uptake in the next cell shootwards.
To analyze its implications, we studied the predicted resulting
shootward fluxes within the root. Our mathematical model
straightforwardly allows us to calculate the upward flux of
boron along the distance from the root tip.

Surprisingly, we found that the net shootward fluxes were
extremely low (Fig. 5A). The flux is reasonably high up to
500 mm from the tip, but it becomes very low in the region

further away from the tip. This means that in this model, boron
taken up by the tip of the roots is not efficiently transported
shootwards, and a substantial portion of boron ‘leaks’ out back
into soil from the cell wall in the more proximal region of the
MZ. We considered that this scenario is conceptually strange,
given that boron uptake requires energy and boron taken up by
NIPs and BORs in the tip region at the expense of energy should
thus be efficiently transported to shoots, by means of loading
the xylem for further shootward transport (which only initiates

Fig. 5 Mathematical modeling analysis of the flux affected by NIPs in the stele. Simulations of a root whose initial boron content is zero,
immersed in a 0.3mM boron medium. Simulations were run for 480,000 time steps, corresponding to 800 min. (A) Net shootward boron flux for
each longitudinal position along the root at the 800 min time point. (B) Layout of NIPs in the modified model. NIPs with low permeability were
introduced into the stele and pericycle, with the intention of enhancing upward boron flux. The layout of BORs used in the model was identical
to that of Fig. 1B. (C) Net shootward boron flux for each longitudinal position along the root at the 800 min time point. (D) Boron content as
predicted by the modified model, if LA-ICP-MS were to be applied to the in silico root.
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