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Abstract 
Gene silencing offers new opportunities in molecular breeding. Attempts to improve agronomic 

performance and nutritional value in crops by transgenes have predominantly focused on the 

overexpression of genes. Several examples illustrate that loss-of-function mutations and 

gene silencing through RNA interference (RNAi) show great potential for agriculture. It has 

been recently shown that a reduction or a loss of gene function often underlies varietal 

differences and important traits in rice and other grasses. Artificial miRNAs present a new and 

highly specific technology for gene silencing. Based on an endogenous rice miRNA precursor, 

we designed artificial miRNA constructs targeting three different endogenous rice genes. We 

achieved specific suppression of the intended target genes in both Nipponbare (japonica), 

which is the work horse for genetic studies, but also in IR64 (indica), one of the most widely 

known Asian elite varieties which has been used in many breeding programs and cultivated on 

large acreage since its release in 1985. This is the first report that artificial miRNAs efficiently 

trigger gene silencing and mimic mutant phenotypes in monocots. All software tools to design 

artificial miRNA for rice and a wide variety of monocot crops are available 

online (http://wmd2.weigelworld.org). We will discuss the unique features and the potential of 

the technology for molecular crop breeding including hybrid crop breeding. 

 

Media summary 
Developing new biotechnology-based breeding strategies using silencing technology. 
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Introduction 

Naturally occurring loss-of-function alleles and chemically induced or sequence-indexed 

insertion mutants have proven instrumental to discover gene functions and biological 

mechanisms. Mutant collections can also be valuable for breeding. Perhaps contrary to intuition, 

there are several examples where loss of gene function results in improved plant performance, 

such as increased yield or biotic and abiotic stress tolerance. One prominent example in rice is 

the loss of function of sd1, which encodes a GA20 oxidase, GA20ox-2, involved in gibberellin 

biosynthesis that results in a semi-dwarf phenotype, a trait that triggered the Green Revolution. 

Transgene-mediated gene silencing through RNA interference (RNAi) is a directed way of 

inactivating one or several specific genes. Although widely used for gene discovery and 

validation of gene function, one impediment to a broader use of transgene-mediated gene 

silencing especially in crop improvement has been the question of specificity. 

 

Method 

 

Our strategy is based on the use of the recently developed artificial microRNA (amiRNA) 

technology that exploits endogenous miRNA precursors to preferentially generate a single 

specific sRNA in vivo. Plant miRNAs do not have to be perfectly complementary to the target 
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site and amiRNA sequence can therefore be optimized to target exactly one or, alternatively, 

several sequence related genes. Gene silencing by amiRNAs has not yet been demonstrated for 

a monocotyledon species, or for traits proven to be of agronomic importance. Here, we report 

the successful application of amiRNAs to agronomically relevant strains of both japonica and 

indica rice. 

 

Results 

 

Appropriate 21mers were designed and engineered into the endogenous precursor of osa-

MIR528 in place of the endogenous miRNA and these modified precursors were constitutively 

expressed in two rice varieties, Nipponbare (japonica) and IR64 (indica). The method was 

evaluated by targeting three different rice genes in different tissues with clearly visible loss-of-

function phenotypes. Loss-of-function of spotted leaf11, phytoene desaturase (pds, 

Os03g08570) and elongated uppermost internode (eui1, CYP714D1, Os05g40384) in rice have 

been reported to cause spontaneous lesion formation in the absence of pathogens, an albino 

phenotype and elongation of the uppermost internode at heading stage, respectively. Transgenic 

lines containing the amiRNA constructs successfully reproduced the previously described 

phenotypes for all intended target genes in both, the Nipponbare (NB) and IR64 genetic 

backgrounds (Table 1). Accumulation of the expected amiRNA was readily detected by RNA 

blot in every transgenic line and tissue tested, which demonstrates that the amiRNA precursor 

is efficiently produced and processed in planta (Fig. 1). By reverse transcription followed by 

quantitative real time PCR (qRT-PCR) we showed that the abundance of the target transcripts 

to be greatly reduced (Fig. 1). Finally, we mapped the amiRNA-guided cleavage sites by 

RACE-PCR and demonstrated that the expected cleavage products were detected (Fig. 1), 

which indicates that the intended amiRNAs are produced. According to our observation in the 

amiRNA T1 progeny, we conclude that the amiRNA transgenes are stably inherited and 

amiRNA-mediated gene silencing remains effective in the progeny (data not shown). 

 
Table 1 Efficiency of different amiRNA constructs in two rice varieties, Nipponbare and IR64. 

 

Nipponbare IR64 
amiRNA 

vector 

Target 

gene 
No. of 

independent 

transformants 

Mutant 

mimics 

Efficiency 

(%) 

No. of 

independent 

transformants 

Mutant 

mimics 

Efficiency 

(%) 

pNW75 Spl11 33 0 0 7 0 0 

pNW76 Spl11 29 15 51.7 32 12 37.5 

pNW77 Pds 38 0 0 21 0 0 

pNW78 Pds 42 39 92.9 68 38 55.9 

pNW81 Eui1 32 9 28.1 40 33 82.5 

pNW82 Eui1 35 0 0 8 0 0 
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Figure 1 Molecular characterization of transgenic plants. Cleavage site mapping was performed on 

mRNA from one transgenic plant for each transgene in both varieties (Nipponbare and IR64). 

Target cleavage was found to occur mainly as predicted, between positions 10 and 11 of the 

amiRNA (5’->3’); numbers above the arrows denote the number of clones found to be cleaved at 

the particular position, the total number of clones analyzed is given in parentheses (see Methods). 

The binding energy (∆G) of the RNA-RNA duplex between target gene (TIGR locus identifier) and 

amiRNA produced by the respective transgene is given in kcal/mol and in percent of the calculated 

binding energy of the perfect match. Total RNA from two transgenic plants for each construct was 

used for small RNA Northern blots for the presence of the amiRNA (gel and blot images) and RT-

PCR for the target gene (histograms) and compared to an empty vector control (IRS-154). The 

expression was normalized to the expression in the respective empty vector control set to 1.00. The 

error bars indicate the variation between technical replicates and the gel image is given as loading 

control for the Northern blot. Strong overexpression of the amiRNA and significant reduction in 

target mRNA levels were detected in leaf tissue (Spl11 and Pds) and young panicles 

(Eui1/CYP714D1). 

 

 

 

 

Spl11 has several homologs in the rice genome, which is problematic if targeted by 

conventional, siRNA based, hpRNAi. To examine the predicted specificity of the amiRNA 

against Spl11, we investigated the mRNA levels of Spl11 and its nine closest homologs by 

multiplex qRT-PCR. We found that only the transcript abundance of the targeted Spl11 

(Os12g38210) is reduced (data not shown). This observation not only confirms the specificity 

of the amiRNA, but also indicates that production of secondary siRNAs from the primary target 

gene, which could indirectly silence related genes, is not a major problem. 

 

Conclusion 
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AmiRNA will have many applications as it allows silencing of one or several genes or alleles 

with unprecedented specificity, even for genes essentially inaccessible to other reverse genetics 

techniques, e.g., tandem duplicated genes. Many recent QTL studies have shown that a 

reduction or loss of gene function often underlies varietal differences and agronomically 

important traits in rice and other grasses {Doebley, 2006). The amiRNA technology offers a 

way for time-efficient modification of the expression of such genes in any variety. This enables 

rapid knowledge transfer between different varieties, e.g., between indica and japonica strains, 

and can be used to develop new traits for improving agronomic performance and/or nutritional 

value. From the information in mutant collection, it is indeed feasible through tissue-specific, 

inducible or stimuli-responsive and partial gene inactivation, to mimick temporally 

and/or spatially any desired mutant phenotype and to modulate its severity. The 
dominant nature and specificity of amiRNA technology will also be very useful in hybrid crop 

breeding; only one of the parental lines needs to carry the amiRNA construct and artificial 

miRNAs have the potential to specifically reduce the activity of only one of the parental alleles. 
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