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Keeping the gate closed: WOXS5 supports the balance between
the proximal and distal root meristems via auxin biosynthesis
in Arabidopsis thaliana L.
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Abstract — The functioning of the root stem cell niche depends
on the auxin maximum formed and maintained by auxin transport METHODS

and local biosynthesis. The auxin maximum is located in the We create 1D hybrid computation model of auxin

quiescent center (QC), which separates the mitotically active  {igiribytion in columella cells. In the model cell growth, active

proximal and distal root meristems. Transcription factor and : :
. passive auxin transport between cells, and substances
WUSCHEL HOMEOBOX (WOX3) expressed in QC controls stem degradation are described by continuous functions, but

cell maintenance. In WO.X5'0ve'.‘exP ression lm.e 338::WOX5-GR transitions between the cell cycle states are discrete events,
we recorded increase in auxin biosynthesis through TAAI . . L
. . . . which are depend on auxin concentration in the cell.

upregulating and changes in PIN-mediated auxin transport.
Altogether it leads to auxin redistribution between proximal and Recently, iRoCS toolbox was developed [6] for annotation
distal root meristems. We show with mathematical modeling that  of the root tip organization in three dimensions. Together with
increasing TAAI expression is sufficient to trigger auxin  the refined experimental procedure for detection of cell cycle
redistribution. Numertca.l simulation results reproduce wild type progression [7], it provides an unprecedented potential to
a"d, WO),G overexpressing columella I?henmyp ©s- Ke)f role of study the mechanism of cell cycle regulation in an entire
auxin .Ifwsj.) "”.'e.m was  support with L-kynurenine (t.he organ. Here, using these techniques, we analysed the
competitive inhibitor of TAAI activity) treatment for 48h, which distributions of the key cell cycle events — DNA replication

partially restored the wild type phenotype in 355::WOX5-GR line. N . - .
Our model predicts formation of “quiescent domain” by actively and mitosis in the root tips of 355:-WOX3-GR line.

dividing columella stem cells and columella stem cell daughters RESULTS
that was proved by 3D image analysis of root tips with traced cell
cycle events. We observe in 355.: WOX5-GR overexpression transgene

upon DEX treatment that columella stem cell daughters do not
undergo normal differentiation. We notice that during 48
hours of DEX treatment almost all rows of differentiated
INTRODUCTION columella cells are detached but small cells in the enlarging of

. . . . upper columella part do not have starch granules and look
Root apical meristem contains a stem cell niche where a similar to the wild type CSCs. This means that CSC

quiescent center (QC) promotes maintenance of the adjacent descendants occurred just after DEX activation of WOX5

stem cells (initials) [1]. The distal part of the root stem cell oy regsion do not undergo differentiation, but activate mitotic
niche consists of the columella stem cells (CSCs) producing cycle progression.

daughters (CSCDs) further differentiating into columella
(central root cap) cells (DCCs). WOX5 (WUSCHEL- We show that WOXS5 modulates TAA1-mediated auxin
RELATED HOMEOBOX 5) transcription factor is the QC ~ synthesis and PIN-mediated auxin transport in root apical
signal maintaining the columella stem cells as a part of the ~ meristem. We hypothesize that modulation TAA1-mediated
distal meristem [2]. Auxin concentration maximum in the QC ~ auxin synthesis results in observed changes in columella
is also required for maintenance of the adjacent stem cells,  phenotype of WOXS overexpression line.

including CSCs, and for differentiation of CSC daughters [3].
Tian and co-authors proposed and provide some evidence that
WOXS5 modulates auxin biosynthesis in the QC [4]. Recent
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We developed 1D computational model of auxin
distribution in columella with growth and division of cells.

o Using the mathematical modeling approach we showed that
work shows that WOXS acts mainly in the QC and WOXS5 WOXS5-dependent upregulation of TAAl-mediated auxin

mobility was not required to inhibit CSC differentiation [5]. synthesis are sufficient to reproduce all other changes

Howey e, mechgmsms underlying this moidulatlon and impact observes in the 35S.:WOX5-GR plant roots. Incubation of L-
of this regulation on stem cell functions are not fully

understood. Here we demonstrate that WOXS activates the
first step of auxin biosynthesis and this is very important for
functioning of root stem cells, because disturbance in this
regulation (e.g. in the case of WOXS5 overexpression) violates
root stem cell renewing and differentiation.

kynurenine (the competitive inhibitor of TAAI activity)
provides partially recovery the wild type columella phenotype
of WOXS overexpression line. So, we can conclude that the
main role of WOXS5 gene for auxin distribution is modulation
of TAA1-mediated auxin synthesis.

Moreover, numerical calculations predict that active cell
divisions occur only in the lower part of columella while the
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cells in the upper part of columella remain quiescent in
358::WOXS5-GR transgenic line. 3D image analysis of cell
cycle events distribution in the root tip confirms the model
prediction.
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