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AbstrACt
Reactive oxygen species (ROS) fulfil many functions in plants. They have a signaling 

role in several physiological mechanisms, but they are also directly involved as substrates 
in important reactions, especially in the apoplast. Two ROS, superoxide and hydrogen 
peroxide, were shown to exhibit a typical accumulation pattern in the Arabidopsis root 
apex. While hydrogen peroxide is mainly present in the cell wall of fully elongated cells 
in the region of root hair formation, superoxide accumulation roughly coincides with the 
transition zone, between the meristem and the fast elongating zone. Developing lateral 
roots also exhibit a strong superoxide labeling with the same localization.

In a recent work,1 we have shown that superoxide radical and hydrogen peroxide have 
different accumulation sites in Arabidopsis root tip. Hydrogen peroxide is mainly present 
in a region identified as “differentiation zone”, according to the nomenclature used by 
Scheres et al.2 This localization fits well with the role that was assigned to this ROS in the 
formation of root hairs.3 This hypothesis was strengthened by the fact that umbelliferone, 
which promotes the in vitro and in vivo formation of hydrogen peroxide by peroxidases, 
induces the formation and the elongation of root hairs. In contrast, potassium iodide, a 
H2O2 scavenger, prevents the formation of root hairs, but does not completely abolished 
their initiation.

As for superoxide radical, it accumulates mainly in apoplast of cells ranging from the 
proximal part of root meristem to the point where cells initiate their fast elongation. This 
localization is in agreement with a role of superoxide in the cell elongation process.1 This 
conclusion can be refined, taking into account the work of Baluška and coll.4,5 Using 
various functional and structural criteria, these authors identified four distinct zones in 
the root apex of Arabidopsis. They introduced an additional zone, between the meristem 
and the fast elongating cells, named “transition zone”. This region comprises cells which 
do not divide any more and are preparing their elongation. A reappraisal of the localiza-
tion of superoxide accumulation in the light of this classification could suggest that this 
ROS is actually mainly associated with this transition zone, rather than with the begin-
ning of the elongation zone. Figure 1 shows an Arabidopsis root stained for the presence of  
superoxide with nitroblue tetrazolium. It appears that the strong superoxide staining 
ranges from about 80 to 250 mm away from the root tip. The respective sizes of the 
various zones somewhat differ from the sizes reported (in ref. 5). It is difficult to precisely  
determine the border between the meristem and the transition zone, which should be around 
120 mm. The fast elongation zone begins at about 240 mm. Fast elongating cells exhibit 
only a slight superoxide staining in their cell wall. Therefore, it appears that superoxide  
accumulates mainly in the wall of cells preparing their rapid elongation. It has been 
reported that cells in the transition zone undergo several modifications to prepare 
their growth. This includes reactions leading to cell wall loosening.6,7 The presence of  
superoxide in the cell wall of those cells could participate in the onset of the loosening 
process, for example by interacting with peroxidases to produce hydroxyl radicals.8

When roots get older, the intensity of superoxide staining in the main root tip 
decreases, while the apex of the newly formed lateral roots exhibits a stronger reaction  
(Fig. 2). This could be related to the important growth potential of young lateral roots. 
The emerging root primordium is usually clearly positive (Fig. 2A) and in a fully formed 
lateral root, superoxide staining is concentrated in a zone between the meristem and 
elongated cells, most likely corresponding to the transition zone (Fig. 2B). In conclusion, 
superoxide radical seems to accumulate in the wall of cells preparing their elongation in 
the transition zone of Arabidopsis root apex.
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Figure 1. Distribution of superoxide radical in the root of a 7-day old Arabidopsis seedling 
stained with nitroblue tetrazolium. Growth conditions and staining procedure were as 
described (in ref. 1). The scale indicates mm, starting from the root cap junction. The picture 
was taken with a MZ 16 Leica stereomicroscope. Arrowheads point to root hairs in formation. 
Black arrow, basal limit of meristem. White arrow, onset of the fast elongation zone.

Figure 2. Detection of superoxide radical by nitroblue tetrazolium in a lateral 
root primordium marked by an arrow (A) and in a developing lateral root (B). 
mr, main root. Scale bar: 100 mm.
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