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The hormone auxin is critical for many plant developmental processes. Unlike the model
eudicot plant Arabidopsis (Arabidopsis thaliana), auxin distribution and signaling in rice
tissues has not been systematically investigated due to the absence of suitable auxin
response reporters. In this study we observed the conservation of auxin signaling
components between Arabidopsis and model monocot crop rice (Oryza sativa), and
generated complementary types of auxin biosensor constructs, one derived from the
Aux/IAA-based biosensor DII-VENUS but constitutively driven by maize ubiquitin-1
promoter, and the other termed DR5-VENUS in which a synthetic auxin-responsive
promoter (DR5,,) was used to drive expression of the yellow fluorescent protein
(YFP). Using the obtained transgenic lines, we observed that during the vegetative
development, accumulation of DR5-VENUS signal was at young and mature leaves,
tiller buds and stem base. Notably, abundant DR5-VENUS signals were observed in
the cytoplasm of cortex cells surrounding lateral root primordia (LRP) in rice. In addition,
auxin maxima and dynamic re-localization were seen at the initiation sites of inflorescence
and spikelet primordia including branch meristems (BMs), female and male organs.
The comparison of these observations among Arabidopsis, rice and maize suggests
the unique role of auxin in regulating rice lateral root emergence and reproduction.
Moreover, protein localization of auxin transporters PIN1 homologs and GFP tagged
OsAUX1 overlapped with DR5-VENUS during spikelet development, helping validate
these auxin response reporters are reliable markers in rice. This work firstly reveals
the direct correspondence between auxin distribution and rice reproductive and root
development at tissue and cellular level, and provides high-resolution auxin tools to
probe fundamental developmental processes in rice and to establish links between auxin,
development and agronomical traits like yield or root architecture.
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right). Blue, no signal; Red, strong saturated signal intensity. Scale bar: 25 pwm.

FIGURE 10 | DR5-VENUS overlaps with PIN1 protein localization in spikelets. PIN1 immunolocalization (arrowheads in A,C,E) and DR5-VENUS signals
(B,D,F). PIN1 proteins (A) are detected at incipient sites of lemma and palea primordia (B). At stage 4 of spikelet development, auxin transported by PIN1 (C)
accumulates in glume primordia (D). PIN1 location (E) in inner vascular bundles of stamen and pistil primodium (arrowheads) paves the way for auxin flow to pollen
and pistil formation (F). The level of DR5-VENUS/Auxin (B,D,F) and Alexa Fluor 488 (A,C,E) are shown in pseudocolor from blue to red (Spectrum LUT bar in the top

rice transition phase from vegetative to reproductive growth
brought out yellow sterile inflorescence without any spikelet, at
the same time, longer time and higher level of NPA (50 pM)
adoption was lethal to rice plants, with deformed inflorescence
arrested inside (data not shown), while IAA or NAA treatment

prompted shoot apex differentiation into flower initials, further
advanced rice flowering (Sircar and Kundu, 1955). However, rice
Osauxl T-DNA mutants present out inconspicuous defects in
spikelet structure or fertility, which may be explained by the
genetic redundancy of AUX1-like gene family in rice. Therefore,
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FIGURE 11 | OsAUX1 protein localization overlaps with auxin maxima during floral development. (A,B) Spikelet meristems of ProOsAUX1:0sAUX1-sGFP
transgenic lines are observed under confocal microscope. At stage 3, OsAUX1 is expressed in the floral meristem, including lemma and glume primordia, where
DR5-VENUS signals are also present. Scale bar: 25 pm. (C,D) At stage 4 of spikelet development, both OsAUX1 and auxin are strongly expressed in palea
primodium. Scale bar: 25 pm. (E,F) OsAUX1 is observed at lemma and first several layers of stamen primordia, overlapping with DR5 expression sites. Scale bar: 25
wm. (G,H) OsAUX1 also has a relative high expression level at carpel primodium at stage 7. Scale bar: 25 wm. The closeup view in (A,C,E,G) are magnified pictures of
signals visible inside dotted squares. Green channel in (A,C,E), GFP; Green channel in (B,D,F), VENUS.

local auxin gradient formed by auxin polar transport is required
for rice flower organogenesis.

In this work, combining with DR5-VENUS, we use DII-
VENUS patterns as negative controls for well defining auxin
distributions in rice. DII-VENUS labels out strong auxin signals
with minimum of florescence, profiles of which are quite

Frontiers in Plant Sciel frontiersin.org

complementary with DR5 signals in almost all conditions and
most notably during rice spikelet development (Figures 5-7).
However, in few conditions at specific tissues, DII-VENUS
reporter doesn’t work well, for example in root (Figure 4) and
shoot apical meristem (Figure 3A), a feature possibly caused
by limited expression abilities of maize ubiquitin-1 promoter in
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these tissues. We hypothesize that it will be better if we replace
domain II fragment of IAA28 Arabidopsis, which might possess
differentiated stability and half-life characteristics in rice, with
rice-specific ones, although the key residues for auxin interaction
are considered generic and could be transformed into any plant
species (Dreher et al., 2006; Zhang et al., 2016).

In conclusion, comparison of auxin localization and dynamic
relocation between Arabidopsis and rice could help shed
light on the auxin functions in angiosperms; these two
biosensors represent important tools to understand the auxin
signaling pathway in diverse rice developmental processes by
transformation or genetic crossing method, but also to further
reveal the strong link between auxin flow and agronomical traits
of interest like aerial and root architecture or yield.
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