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Reconstituting plant miRNA biogenesis
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he genomes of higher eukaryotes
encode not only proteins but
also diverse noncoding RNAs,
particularly small (20- to 30-nt)
regulatory RNAs (1-3). The small
RNAs include microRNAs (miRNAs),
siRNAs, and piwi-interacting RNAs
(piRNAs) (4, 5). These small RNAs re-
press gene expression at the transcrip-
tional or posttranscriptional levels and
have critical functions in genome de-
fense, growth, development, diseases,
and stress responses (1, 3, 6—8). Small
RNAs are classified largely on the ba-
sis of their biogenesis requirements.
miRNAs arise from single-stranded pri-
mary miRNA transcripts (pri-miRNAs)
that can form imperfect stem-loop
structures (6) (Fig. 1). In animals, pri-
miRNAs are processed in the nucleus
into shorter hairpin RNAs of ~65 nt
(premiRNAs) by the microprocessor
complex containing the RNaselll en-
zyme Drosha and its cofactor DGCRS/
Pasha, a dsRNA-binding protein (5, 9).
The premiRNA is then exported to the
cytoplasm, where it is further processed
by another RNaselll enzyme, Dicer, to
release an ~22-nt miRNA/miRNA* du-
plex (5, 9). Dicer function also requires
a dsRNA-binding protein, TRBP, as a
cofactor. The miRNA is loaded into the
effector complex, known as RISC, to
direct complementary or partially com-
plementary mRNAs for cleavage or
translational repression (5, 6). In plants,
the two-step processing of pri-miRNAs
into mature miRNAs occurs entirely in
the nucleus and is carried out by a sin-
gle RNaselll enzyme, DCL1 (Dicer-like
1) (6). In addition to DCLI1, genetic
analysis revealed that HYL1, a dsRNA-
binding protein, and SE, a C2H2-type
zinc finger, are also required for pro-
cessing pri-miRNAs and for accumula-
tion of mature miRNAs (10-12) (Fig.
1). However, whether DCL1 alone is
active in processing pri-miRNAs into
miRNAs and how HYL1 and SE may
function in the processing steps are not
known. In this issue of PNAS, Dong et
al. (13) reconstituted the processing of
pri-miRNAs in vitro by using recombi-
nant proteins and thereby provided
much-needed biochemical data to ex-
plain the genetic roles of DCL1, HYLI,
and SE in miRNA biogenesis in plants.
Dong et al. (13) constructed tagged
DCL1, HYL1, and SE proteins and ex-
pressed them in insect cells by using a
baculovirus vector. Unlike the animal
protein Drosha, which is not active by
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Fig. 1.  miRNA biogenesis and function in plants.
Primary miRNA transcript is processed by the RNa-
selll enzyme DCL1 (containing two double-
stranded RNA-binding domains) and its associated
RNA-binding cofactors HYL1 (containing two
double-stranded RNA-binding domains) and SE (a
C2H2-type zinc finger) to generate a miRNA, which
is then methylated, exported to the cytoplasm and
incorporated into the Agonaute 1 (AGO1)-
containing RNA-induced silencing complex (RISC)
to silence mRNA targets important for develop-
ment, diseases, and stress responses.

itself on pri-miRNAs (9), purified DCL1
alone could process pri-miRNAs,
premiRNAs, and dsRNAs into 21-nt
small RNAs. This difference between
the animal and plant enzymes may be
explained by the fact that DCL1 con-
tains two dsRNA-binding domains,
whereas Drosha has only one. When the
authors (13) added HYL1 or SE or both
to the in vitro processing assay, they
found that either protein could enhance
the activity of DCL1 and that the two
proteins have a synergistic stimulating
effect. Although DCLI1 alone could gen-
erate 21-nt small RNAs from pri-
miRNAs at a low rate in vitro, when the
small RNAs were cloned, only a small
fraction of the small RNAs were
miRNAs, whereas the rest were se-
quences from other parts of the pri-
miRNA structure. This interesting result
suggested that DCL1 is inaccurate in
catalyzing the release of miRNAs from

pri-miRNAs. Remarkably, HYL1 or SE
could improve the accuracy. When both
were present with DCL1, the accuracy
was increased greatly, resulting in ~80%
of the in vitro processing products being
miRNAs.

The importance of DCL1, HYL1, and
SE in plant growth and development
was evident early on from the severe
and pleitropic plant phenotypes exhib-
ited by their loss-of-function mutant al-
leles (10-12, 14). Only in the last 6
years has each of these genes been
found to be necessary for miRNA accu-
mulation in plants. In the dcli, hyll, or
se mutants, pri-miRNA levels increase,
whereas mature miRNAs are reduced
(10-12). Many, if not all, of the plei-
tropic phenotypes of these mutants can
be explained by miRNA biogenesis
defects. Recently, several groups discov-
ered that these three proteins can inter-
act with each other in vitro and in vivo,
and at least part of them colocalize in
the same subnuclear bodies that also
contain pri-miRNAs (15-17). The excit-
ing work of Dong et al. (13) nicely ex-
plains why HYL1 and SE are required
for miRNA biogenesis.

It appears that HYL1 and SE partici-
pate in both steps of pri-miRNA pro-
cessing, i.e., from pri-miRNA to
premiRNA and from premiRNA to
miRNA (Fig. 1), although this is diffi-
cult to test vigorously, because the
premiRNA intermediate does not ap-
pear to accumulate and is quickly pro-
cessed to release mature miRNA.
Unlike animal pri-miRNAs, which have
an ~70-nt stem-loop structure where
the miRNA is always located ~11 nt
from the base of the stem—loop (9), the
stem-loop structures of plant pri-
miRNAs vary greatly in length (from
~100 to >1,000 nt) (6, 18). So how does
the DCL1-HYL1-SE trimeric complex
recognize where the miRNA is within
the stem-loop and ensure that DCL1
makes appropriate cleavages to release
the correct miRNA? Gel mobility-shift
assays performed by Dong et al. (13)
suggest that each of the proteins is capa-
ble of binding pri-miRNAs (Fig. 1).
However, where each protein binds and
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which sequence and/or structural fea-
tures they recognize are not known.
Crystal structures of each of the pro-
teins bound to a pri-miRNA, and even-
tually the structures of the trimeric
complex with bound pri-miRNA and
premiRNA will be needed to under-
stand the precise mechanism of accurate
miRNA production.

The ~80% miRNA processing accu-
racy achieved by the DCL1-HYL1-SE
trimeric complex in vitro is still lower
than the near 100% accuracy observed
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