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NO VEIN facilitates auxin-mediated development in Arabidopsis
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Local, efflux-dependent auxin gradi-
ents and maxima mediate organ and
tissue development in plants. The auxin-
efflux pattern is regulated by dynamic
expression and asymmetric subcellular
localization of PIN auxin-efflux pro-
teins during plant organogenesis. Thus,
the question of how the expression and
subcellular localization of PIN proteins
are controlled goes to the heart of plant
development. It has been shown that
PIN expression and polarity are estab-
lished not only through a self-organizing
auxin-mediated polarization mechanism,
but also through other means such as
cell-fate determination. We found that
the Arabidopsis NO VEIN (NOV) gene,
encoding a novel, plant-specific nuclear
factor, is required for leaf vascular devel-
opment, cellular patterning and stem-
cell maintenance in the root meristem
and cotyledon outgrowth and separa-
tion. NOV function underlies cell-fate
decisions associated with auxin gradients
and maxima, thereby establishing cell
type-specific PIN expression and polar-
ity. We propose that NOV mediates cell
acquisition of the competence to undergo
auxin-dependent coordinated cell speci-
fication and patterning, thereby educ-
ing context-dependent auxin-mediated
developmental responses.

In plants, local auxin gradients associ-
ated with auxin maxima mediate coordi-
nated cell specification and patterning in
the root,'” lateral organ,*® embryo™ and
vascular tissue.!®® A central factor in the
formation of auxin concentration gra-
dients and maxima is polar auxin trans-

port, which is defined by cell type-specific
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expression and asymmetric subcellular
localization of the PIN family of auxin-
efflux proteins.'* Reciprocally, auxin can
induce changes in PIN localization'®" and

1819 under the influence of cell

expression
fate. Therefore, PIN expression and polar-
ity are established not only through the
self-organizing auxin-mediated feedback
mechanism, but also through cell-fate
determination. However, the molecular
mechanism regulating PIN expression
and polarity remains largely unknown.

As a model system to study auxin-
mediated polarized development, we
have genetically analyzed vascular devel-
opment in Arabidopsis. The no wein-1
(nov-1) mutant was identified among
Arabidopsis mutants defective in leaf
vascular development. We found that the
Arabidopsis NOV gene is required for leaf
vascular development, cellular patterning
and stem-cell maintenance in the root
meristem and cotyledon outgrowth and
® nov mutations affect many
aspects of auxin-dependent development
without directly affecting auxin percep-
tion. NOV encodes a novel, plant-specific
nuclear factor expressed in developing
embryos, leaf primordia, lateral-root pri-
mordia and the meristematic regions of
shoots and roots.”® Here we present addi-
tional data on cell specification defects in
nov-1 roots, further supporting that NOV
function underlies cell-fate decisions asso-
ciated with auxin gradients and maxima,
thus establishing cell-type-specific PIN
expression and polarity.

In wild type, PIN3, PIN4 and PIN7
proteins exhibit differential expression
patterns in the columella root-cap cells.
The first tier of columella cells (columella

separation.?
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Figure 1. Cell-marker expression in wild-type and nov-T1 root tips. (A and F) Expression of the columella initials marker J2341. In wild-type roots (A),
J2341 is expressed strongly in the first tier of columella cells and very weakly in the quiescent center and other initials. In nov-1 roots (F), J2341 expres-
sion encompasses the first to third tiers of columella cells, the quiescent center and cortex/endodermis initial cells. (B, C, G and H) Expression of the
ground-tissue marker JO571. In wild-type roots (B and C), J0571 is expressed in the cortex and endodermis and weakly in the quiescent center and
cortex/endodermis initials. In nov-1 roots (G and H), J0571 expression is disrupted in the cortex and occasionally perturbed in the endodermis.

(D, E, I and J) Expression of Q2500. In wild-type roots (D and E), Q2500 is expressed mainly in the endodermis, weakly in the pericycle and in the epider-
mis and cortex closer to the root stem-cell niche. In nov-T roots (I and J), Q2500 expression is also disrupted in the epidermis and cortex. Seedlings
used were vertically grown on the surface of 1.5% agar plates for 5 (B, C, G and H) and 7 (A, D-F, | and J) days. The reporter GFP expression (green) is
shown with (magenta; A, B, D, F, G and |) and without (C, E, H and J) propidium iodide staining for cell boundary. Arrows in (A) and (F) indicate positions
of the first tiers of columella cells. Asterisks in (B—E) and (G-J) mark positions of the cortex cell files. Scale bars = 20 um [equal scale in (A and B) and in

(B-E and G-J), respectively].

stem cells) express PIN4, the second tier of
columella cells expresses PIN3, PIN4 and
PIN7 and the third tier expresses PIN3
and PIN7.232921 In nop-1 columella cells,
while expression of PIN3 and PIN7 was
decreased or almost absent, PIN4 expres-
sion was expanded to the third tier of colu-
mella cells,?® suggesting that the differential
expression of the PIN proteins is disrupted
in nov-1. Cell specification defects are also
seen in columella cells of 7or mutants. In
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nov-1 and nov-3, the first tier columella
stem cells contain starch granules, which
in wild type are usually absent, suggest-
ing that fate of the first tier columella stem
cells is not maintained in nov-1 and nov-
3.22 On the other hand, the columella stem-
cell marker J2341 is ectopically expressed
in the second and third tiers of zov-1 colu-
mella cells (cf. Fig. 1F with A), suggesting
that these cells adopt at least some traits of
first tier columella cells. Loss of PIN3 and
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PIN7 expression in the second and third
tiers of columella cells and expansion of
PIN4 expression to the third tier in nov-I
fic well with the idea that the second and
third tiers of columella cells adopt the first
tier traits in 7ov-1. These data suggest that
the first to third tiers of 7ov-I columella
cells adopt mixed cell fates and that NOV'is
required for establishing both cell fate and
PIN expression pattern in columella root
cap cells.

Volume 5 Issue 10



In wild-type root tips, PIN2 is polar-
ized apically in the epidermis and basally
in the cortex.”? In nov-1, PIN2 polarity in
the cortex was not basal, but either apical
or non-polar.?’ In 7ov mutants, root cortex
cells also have cell specification defects. In
seedlings of nov-1 and embryos of nov-2,
-3, -4 and -5, cortex/endodermis stem
cells often undergo premature periclinal
division without prior anticlinal divi-
sion and are thus not maintained as stem
cells.?® In nov-1 roots, expression of the
ground-tissue marker J0O571 is disrupted
in the cortex and occasionally perturbed
in the endodermis (cf. Fig. 1G and H with
1B and C) and Q2500 expression is also
disrupted in the cortex (cf. Fig. 1I and ]
with 1D and E), suggesting that nov-I
root cortex cells lose some traits of the cor-
tex. These indicate that NOV is required
for establishing both cell fate and PIN2
polarity in root cortex cells.

Collectively, our data suggest that
the VOV indirectly regulates expression
and polarity of PIN proteins through
mechanisms that include the determina-
tion and/or stabilization of cell fate in the
root meristem.?’ We have also shown that
NOV is required for provascular PIN1
expression and region-specific expres-
sion of PIN7 in leaf primordia, that
NOV helps cells to acquire and maintain
their ability to differentiate into vascular
cells in response to auxin, that NOV is
required for normal cellular organization
and stem-cell maintenance in the root
stem-cell niche, that NOV has an impor-
tant role in auxin-mediated embryonic
development, and that NOV encodes
a previously undescribed plant-specific
nuclear factor specifically expressed in
developing organs and tissues.?® Together
with the data presented in this report,
we suggest that VOV function underlies
cell-fate decisions associated with auxin
gradients and maxima, thus establishing
PIN expression and polarity and auxin-
mediated development. We propose that
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NOV is a novel competence factor medi-
ating cell acquisition of competence to
undergo auxin-dependent coordinated
cell specification and patterning, thereby
educing context-dependent developmen-
tal responses. Future studies on NOV
may shed new light on the fundamental
mechanisms by which auxin regulates
the formation of plant organs and tissues,
regardless of their fate and origin.
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