
Requirement ofMIR165A primary transcript sequence for its activity
pattern in Arabidopsis leaf primordia

Kiyoshi Tatematsu1,*, Koichi Toyokura2, and Kiyotaka Okada3,4

1National Institute for Basic Biology; Okazaki, Japan; 2Graduate School of Science; Kobe University; Kobe, Japan; 3Department of Agriculture; Ryukoku University;

Otsu, Japan; 4National Institute of Natural Science; Tokyo, Japan

miRNAs might move cell to cell and
act as mobile signals in plant devel-

opment, while the regulatory mecha-
nisms of miRNA cell-to-cell movement
are still unclear. Recently, in Arabidopsis
leaf primordia, we revealed that miR165
from the MIR165A gene, which is
expressed in the abaxial epidermal cells of
leaf primordia, acts non-cell-autono-
mously in inner cells on the abaxial side.
We proposed that not only mature
miR165 sequence but also the MIR165A
primary transcript sequence are required
for the confinement of miR165 activity
to the abaxial side of leaf primordia. The
deletion analysis of the MIR165A geno-
mic fragment showed that with a lack of
the 3’ region of MIR165A its activity is
not confined in leaf primordia, suggest-
ing that the full-length primary tran-
script of MIR165A is important for the
regulatory mechanism of miRNA activity

confinement in leaf primordia. It has
been reported that the MIR165A tran-
script is predicted to be translated into
the short poly peptide, proposing that
the MIR165A transcript may be exported
to the cytoplasm. Considering these mat-
ters, we propose a hypothesis for the con-
finement of miR165 activity to the
abaxial side in leaf primordia dependent
on theMIR165A primary transcript.

Small RNAs, including miRNAs, can
repress the expression of their target genes
in a non-cell-autonomous manner. A
miRNA, miR399, whose precursor was
expressed in the shoot, might move from
shoot to root via phloem and represses the
expression of its target gene.1 In maize,
precursor transcripts of miR390, which is
a regulatory factor for the determination
of the abaxial side in leaf polarity,

Figure 1. (A) Primary transcripts of MIR165A and 3’ end-truncated MIR165A. Red and orange boxes
indicates miR165 and miR165a*, respectively. Gray boxes represent pri-miR165a. A dashed-line box
indicate the lack of the 3’-region in 3’ end-truncated MIR165A. (B) Schematic model of the activity
patterns of miR165 arisen from the MIR165A (left) and 3’ end-truncated MIR165A (right) in leaf pri-
mordia. Black color indicates the MIR165A-expressing and miR165-active cell layer, and gray color
represents miR165-active cell layers.
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accumulate only in the L1 cell layer of the
SAM but mature miR390 is detected in
both the L1 and L2 layers of leaf primor-
dia.2 In Arabidopsis roots, miR165/166-
encoding genes, MIR165A, MIR166A and
MIR166B, are expressed in the endoder-
mis and miR165/166 is likely to move to
the stele to repress HD-Zip III expres-
sion.3,4 MIR165/166 genes also show
non-cell-autonomous activity during
embryogenesis.5 These data indicate that
miRNAs are able to act as mobile signals
for development. However, although
miRNAs might move cell to cell through
plasmodesmata,6,7 the regulatory mecha-
nisms for the cell-to-cell movement of
miRNAs are still unknown.

During leaf development along the
adaxial-abaxial polarity in Arabidopsis
thaliana, rigid determination of the
expression domain of HD-Zip III is
required in leaf primordia.8,9 The leaf pri-
mordia have 6 cell layers along the adax-
ial-abaxial axis; adaxial epidermis, adaxial
L2, adaxial L3, abaxial L3, abaxial L2 and
abaxial epidermis. (Fig. 1B) In our recent
publication,10 we reported thatMIR165A,
which is expressed in the abaxial epidermis
of leaf primordia, clearly represses the
expression of HD-Zip III genes in 3 cell
layers in the abaxial side but not those in
the adaxial side, indicating that MIR165A
is able to act in non-cell autonomous and
abaxial-baiased manners in leaf primordia.
(Fig. 1) In order to analyze the activity
pattern of MIR165A in leaf primordia
without any effects of other MIR165/
166 genes, we used mutated miR165
(miR165mu) having 2 nucleotide muta-
tion in miR165 sequence of the MIR165A
gene, because miR165mu do not have any
effects on the leaf development but show
the same activity pattern as that of native
miR165/166. We also suggested that the
movement of miR165 arisen from
MIR165A is restricted to within a few cells
toward to the adaxial side in the leaf pri-
mordia, confining miR165 activity to the
abaxial side. In addition, we found that
both a mature miR165 sequence and the
MIR165A backbone sequence are required
to confine miR165 activity to the abaxial
side in leaf primordia.

At the same time, we also revealed
another regulatory element in the

Figure 2. Schematic model of a possible scenario for the confinement of miR165 activity pattern
dependent on the MIR165A primary transcript (pri-miR165a) in leaf primordia. In the abaxial epider-
mal cells, a part of pri-miR165a is exported from the nucleus to the cytoplasm (blue arrow), and Fac-
tor-X binds to the 3’ end-region of the pri-miR165a. The pri-miR165a/Factor-X complex moves to
the abaxial L2 and L3 cells through plasmodesmata (green arrow). In the abaxial L2 and L3 cells,
the pri-miR165a/Factor-X complex is imported into the nucleus (red arrow), and the pri-miR165a is
dissected by DCL1 in the nucleus.
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MIR165A genomic region that confines
the miR165 activity. When miR165mu
was expressed by either the MIR165-
Amu(C241) or MIR165Amu(C365)
transgenes, both of which lack the 30

region of the untranscribed sequence of
MIR165A, the activity pattern of
miR165mu was very complicated; some
plants showed the miR165mu activity
throughout the leaf primordia, while
other plants showed the activity only on
the abaxial side (see Supporting infor-
mation of Tatematsu et al.10) The
results suggest that the 3’ untranscribed
region of the MIR165A gene is required
for the stable confinement of miR165
activity to the abaxial side in leaf pri-
mordia. Yao et al.11 analyzed the
transgenic lines, including p165a:pri-
miR165a-GUS, which expresses the 3’
end-truncated MIR165A primary tran-
script (pri-miR165a) fused to the GUS
gene. Some of the p165a:pri-miR165a-
GUS transgenic plants exhibited either
single radial-symmetric or severely up-
curled cotyledons and leaves, suggesting
that pri-miR165a-GUS expressed in the
abaxial epidermis represses HD-Zip III
expression even on the adaxial side of
the leaves, which cause the abaxialzed
leaf phenotype. This result also suggests
that the 3’ end-truncated pri-miR165a
fused to the GUS sequence cannot con-
fine the miR165 activity in leaf primor-
dia. Considering that the nucleotide
sequence directly after the 30 termina-
tion site is required for the proper ter-
mination of transcription, it is possible
that aberrant pri-miR165a, either
shorter transcripts or longer transcripts
with a binary vector sequence, were
transcribed from MIR165Amu(C241)
and MIR165Amu(C365), and that the
aberrant transcripts cannot confine the
mobility of miR165mu in leaf primor-
dia. (Fig. 1) Since the aberrant pri-
miR165a transcripts would have full
length of pre-miR165a, which include
miR165, loop, and miR165a*, the
entire sequence of MIR165A primary
transcript is important for the confine-
ment of its activity.

How does the primary transcript
sequence of MIR165A contribute on the

confinement of its activity to the abaxial
side of leaf primordia? The primary
transcripts of MIRNA genes have been
thought to be localized mainly in
nucleus and are processed by DCL1.
Recently, Lauressergues and co-authors12

reported that some MIRNA primary
transcripts encode short peptides, call
miPEPs, and that these miPEPs have a
role in enhancing transcription of their
own primary transcripts. They also
showed that the pri-miR165a is pre-
dicted to be translated into miPEP165a,
which is composed of 18 amino acid res-
idues, proposing that the pri-miR165a is
exported form nucleus to cytoplasm.
Taken together with the requirement of
the full-length sequence of pri-miR165a,
we hypothesize a possible scenario to
confine miR165 activity pattern to the
abaxial side, which depends on the pri-
mary transcript of the MIR165A, in Ara-
bidopsis leaf primordia. (Fig. 2) Firstly,
in the abaxial epidermal cells, a part of
pri-miR165a is exported from the
nucleus to the cytoplasm after transcrip-
tion from the MIR165A gene. An
unknown factor, Factor-X, is thought to
bind to the 30 end-region of the pri-
miR165a to form a pri-miR165a/Fac-
tor-X complex. Secondly, the pri-
miR165a/Factor-X complex might be
allowed to move to within a few cells
toward to the adaxial side via plasmodes-
mata but not to reach the cells on the
adaxial side. Thirdly, in the abaxial L2
and L3 cells, the pri-miR165a/Factor-X
complex is imported into the nucleus.
Finally, the pri-miR165a is processed by
DCL1, and mature miR165 represses
the expression of HD-Zip III in the
abaxial-side cells.
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