
impaired in the presence of HYL1. These results indicate
the essential role of the helicase domain of DCL1 possibly
in relation with HYL1.

RESULTS

Isolation of hyl1 suppressor

To gain insight into the molecular mechanism underlying
miRNA processing, genetic screening was performed to
isolate hyl1 suppressors. The hyl1-2 mutation is a pre-
sumably null allele with a T-DNA insertion in the first
dsRBD resulting in a nonfunctional truncated HYL1 pro-
tein. In hyl1-2 mutants, miRNAs are reduced in abundance
and the leaves are narrow and small, possibly because DCL1
could not normally recognize or be loaded with miRNA
precursor (Vazquez et al. 2004; Kurihara et al. 2006). The
hyl1-2 seeds were mutagenized by ethylmethane sulfonate
(EMS) and M2 seedlings with rounder, wild-type (WT)-
like cotyledons were selected as candidates for hyl1 sup-
pressor. Approximately 38,000 seeds were investigated in
total, and 22 individuals were obtained. Out of these 22
lines, 21 were obtained from the same M2 pool that was
treated with 0.1% EMS and one line was recovered from a
0.2% EMS-treated M2 pool. Subsequent experiments were
carried out using one representative line derived from a
0.1% EMS-treated pool. The obtained suppressor was
backcrossed to the original hyl1-2 mutant, and the leaf
morphology of the progeny was analyzed. The F1 progeny
exhibited leaf morphology similar to the wild type (data
not shown), indicating that the hyl1 suppressor mutation is
dominant.

An amino acid substitution in the RNA helicase
domain of DCL1 causes suppression
of the hyl1 phenotype

To identify the gene responsible for suppression of the hyl1
phenotype, map-based cloning was performed. The hyl1
suppressor mutation was mapped to within a 3.2 Mbp
region between the left end of chromosome 1 and the
nga63 polymorphic marker (data not shown). Because
DCL1 (At1g01040), which is essential for miRNA bio-
genesis, exists in this region, the genomic sequence of DCL1
in the hyl1 suppressor mutant was determined. A guanine
at nucleotide position 1183 of the coding sequence of DCL1
was substituted to adenine, resulting in an amino acid
substitution, glutamic acid (E) to lysine (K), at position 395
in the ATPase/DExH-box RNA helicase domain of DCL1
(Fig. 1A). Introduction of a DCL1 gene containing this
mutation into the hyl1-2 mutant significantly suppressed
the hyl1 mutant phenotype in T1 plants (Supplemental Fig.
S1 and Supplemental Materials and Methods), demonstrat-
ing that this mutation causes suppression of the hyl1
phenotype in a dominant fashion. All 22 suppressors

screened in this experiment had the same mutation,
implying a unique role for this amino acid within the
helicase domain. We have designated this new allele of
DCL1 as dcl1-13. To date, genetic studies have identified
various recessive dcl1 mutants including caf-1, which has
pleiotropic defects such as excess stamens and carpels
(Jacobsen et al. 1999). In this study we have demonstrated
that the dcl1-13 mutation suppresses the hyl1 phenotype in
a dominant manner and, to our knowledge, this is the first

FIGURE 1. Molecular nature of the hyl1 suppressor mutation. (A)
Schematic representation of the domain structure of Arabidopsis
DCL1 (AtDCL1) and the dcl1-13 mutation in the helicase domain
that caused the suppression of the hyl1 mutant phenotype. DCL1 has
two nuclear localization signals (NLSs), an ATPase/DExH-box RNA
helicase domain, a domain known as DUF238 (domain of unknown
function), a PAZ domain, two RNase III domains, and two double-
stranded RNA-binding domains (dsRBDs). Between motifs II and III
of the helicase domain, the G at position 1183 in the coding sequence
was substituted to A in hyl1 suppressor plants, resulting in the amino
acid substitution of Glu-395 with Lys (E395K). The transitions of
P415S in sin1-1 (dcl1-7) and I431K in sin1-2 were closely located. (B)
Alignment of amino acid sequences between motifs II and III in the
helicase domains of Arabidopsis DCLs and other Dicer homologs of
human, Drosophila, C. elegans, and S. pombe. Sequences that were
predicted to form a-helices using the jpred3 program (Cuff et al.
1998) are shown. Arabidopsis DCL1 (AtDCL1; accession no. NP_171612)
was aligned with Arabidopsis DCL2 (AtDCL2; NP_566199), DCL3
(AtDCL3; NP_189978), DCL4 (AtDCL4; NP_197532), Homo sapiens
Dicer (HsDicer; NP_803187), Drosophila Dcr-2 (DmDcr-2; NP_523778),
C. elegans Dcr-1 (CeDcr-1; NP_498761), and S. pombe Dicer (SpDicer;
Q09884). Sequences were aligned with the positions of conserved P, Y,
and M (letter columns marked with asterisks), which were highly
conserved among these proteins. Numbers indicate the positions of the
first amino acids. The arrow indicates the position of the hyl1 suppressor
mutation in AtDCL1. (C) Homology model of the first RecA-like
domain of the AtDCL1 helicase domain (residues 239–433) according
to the structure of yeast initiation factor 4A (PDB ID code 1qva). This
was constructed using the 3D-JIGSAW program (Bates et al. 2001). The
a-helices, b-strands, and turns are indicated with pink, yellow, and blue
colors, respectively. Residues E395, P415, and I431 are highlighted.
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