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Introduction
Recombinant Dicer generated siRNA 

(d-siRNA) has been demonstrated 

to be as effective as chemically 

synthesized siRNA (cs-siRNA) at 

targeted gene knock-down.1 However, 

many scientists have presumed that 

d-siRNA will produce significant off-

target gene suppression since there 

are multiple species of siRNA present 

in a d-siRNA pool. Yet, no group until 

recently has investigated whether 

the opposite might be true, i.e., if 

d-siRNA would generate fewer non-

specific interactions since the absolute 

concentration of any individual cross-

reacting siRNA species within a d-siRNA 

pool would be relatively negligible. 

Since some studies have indicated that 

the off-target effects of cs-siRNA’s are 

much more prominent than previously 

assumed2, the question of whether 

the off-target effects of d-siRNA are 

greater or lesser than cs-siRNA is 

highly pertinent given the growing 

popularity of using siRNA for loss of 

function studies. A paper appearing in 

the July 2006 issue of Journal of RNAi 

and Gene Silencing3 addresses this 

issue.

Materials and Methods
To compare off-target effects, the 

authors used three cs-siRNAs (14-1, 

14-5, and 14-8) and three d-siRNAs 

(d-14-1, d-14-5, and d-14-8) against 

p38alpha MAPK (MAPK14), the target 

Recombinant Dicer-Generated siRNA Reduces Off-Target 
Effects Compared to Chemically Synthesized siRNAs
Jason W. Myers1,2, Jen-Tsan Chi2,3, Delquin Gong1, Marci E. Schaner2, Patrick O. Brown2 and James E. Ferrell Jr1,2.
1Stanford Univ. School of Medicine, Dept. of Molecular Pharmacology, Stanford CA; 2Stanford Univ. School of Medicine, Dept. 
of Biochemistry, Stanford CA; 3Duke Univ. School of Medicine, Inst.of Genome Sciences and Policy, Dept. of Molecular Genetics and 
Microbiology, Durham NC.

Figure 1. To generate ds-siRNA, the target DNA sequence is amplified by nested PCR 
to add a T7 RNA polymerase promoter on both strands. The resulting PCR product is 
then transcribed, annealed and purified for subsequent cleavage into d-siRNA using 
recombinant human Dicer enzyme. 

Generation of d-siRNA Using Recombinant Dicer EnzymeDicer™ siRNA Construction Kit
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of a previous study, to analyse off-

target siRNA effects.2 A pool of siRNA 

generated against MAPK14 by RNase 

III (e-siRNA) was also used. The 

three cs-siRNAs had been validated 

to knock down MAPK14 mRNA in the 

previous study, and each was shown 

to significantly and differentially 

affect the abundances of unrelated 

genes. The d-siRNA was prepared as 

described previously.4 Each d-siRNA 

pool was generated from ~550 bp 

dsRNAs transcribed from MAPK14. 

The dsRNA was used as a substrate 

for in vitro cleavage into siRNA with 

recombinant human Dicer enzyme 

(Figure 1). To verify the complexity 

of d-siRNA, the authors performed 

cloning and sequence analysis of a 

human cyclin B1 d-siRNA pool. Next, 

the authors transfected the MAPK14 

cs-, d- and e-siRNA into HeLa cells 

using the GeneSilencer® siRNA 

Transfection Reagent (Genlantis). 

The cells were lysed 48-hours post-

transfection, and the potency of the 

three types of siRNA in reducing levels 

of MAPK14 protein was determined by 

immunoblot analysis. 

Determination of off-target 
mRNA suppression using cDNA 
microarray analysis 

To assess the relative off-target effects 

of each type of siRNA, the authors 

prepared fluorescently-labeled cDNA 

from the HeLa cells transfected 

with the above mentioned c-, d- or 

e-siRNAs. Comparative hybridization 

to a human genome cDNA microarray 

with 41,421 spots was used to identify 

mRNAs whose levels were different 

in siRNA-treated cells compared to a 

transfection reagent only reference 

control. Taking into account changes 

in mRNA levels secondary to MAPK14 

suppression, the authors determined 

changes of off-target mRNAs revealed 

by the microarrays using significance 

analysis of microarrays (SAM), a 

modified t-test.5

Dilution of cs-siRNA in a 
d-siRNA pool to assess the 
impact of siRNA concentration 
on off-target effects

Based upon the hypothesis that 

d-siRNA has minimal off-target effects 

due to the low concentration of any 

individual siRNA within the d-siRNA 

pool, the authors diluted the cs-

siRNA with the most prominent off-

target effects into three different 

concentrations (1:3, 1:30, and 1:300) 

using a d-siRNA pool encompassing 

the cs-siRNA’s sequence. The resulting 

siRNA pools were transfected into 

HeLa cells using a final total siRNA 

concentration of 10 nM. The lysates 

from the transfected cells were then 

analyzed via microarray utilizing 

appropriate controls.

Results

d-siRNA and cs-siRNA induce 
similar knock-down of p38a 
MAPK protein and mRNA 

The d-siRNA and the cs-siRNA showed 

equivalent efficiency of MAPK14 

suppression by immunoblot analysis 

(Figure 2), whereas the e-siRNA was  

somewhat less effective. All siRNAs 

produced a ~50-70% decrease in 

MAPK14 protein levels. No significant 

changes in MAPK14 protein or mRNA 

levels were seen in the transfection 

reagent-only treated cells. 

Dicer siRNA produces minimal 
off-target effects compared 
to chemically synthesized 
siRNAs 

In the microarray analysis, spots from 

9538 mRNAs corresponding to 7587 

Figure 2: HeLa cells were transfected with a 10 nM final concentration of cs-siRNAs (14-1, 
14-5, and 14-8), d-siRNAs (d-14-1, d-14-5, and d-14-8), and e-siRNAs (e-14-8), each 
targeting p38_ MAPK (MAPK14). Equivalent amounts of whole cell lysates were subjected 
to SDS-PAGE and immunoblotted with MAPK14 antibody or with MEK1 antiserum (a 
loading control). GL3 luciferace was used as a non-specific control for each type of 
siRNA.

Silencing MAPK14 Expression with synthetic siRNA (cs-siRNA), diced 
siRNA (d-siRNA), and RNase III treated siRNA (e-siRNA)
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genes were measured for off-target 

effects. Three parameters were used 

to assess the degree of non-specific 

gene suppression: 1. the number of 

off-target mRNAs that changed > 

2-fold, 2. the number of off-target 

mRNAs that decreased more than 

that of MAPK14, and 3. the number 

of mRNAs that changed significantly 

as measured by significance analysis 

of microarrays (SAM). The results, 

summarized in Table 1 above, show 

that two out of the three MAPK cs-

siRNAs induced significant numbers 

of off-target mRNAs to change >2-

fold compared to zero out of three of 

the d-siRNA and none of the control 

siRNAs. Also, the same two cs-siRNAs 

induced substantial numbers of 

mRNAs to decrease more than that 

of MAPK14, whereas a statistically 

insignificant number of the d-siRNAs 

and control siRNAs did. Lastly, taking 

into account secondary effects of 

MAPK14 suppression, the authors 

found that the same two cs-siRNAs 

significantly changed the number of 

mRNAs as analysed by SAM, whereas 

statistically insignificant number of 

the MAPK14 d-siRNAs did so.  

Dilution of cs-DNA in a d-siRNA 
pool eliminates the off-target 
effects

The authors verified the complexity of a 

d-siRNA pool by cloning and sequence 

analysis of a human cyclin B1 d-siRNA 

pool. They found that ~200 different 

siRNA species were generated from 

a 660 bp mRNA. Then, to confirm 

that the siRNA off-target effects were 

concentration related, the MAPK14 

cs-siRNA with the most significant off-

target suppression was diluted to three 

different concentrations in a pool of 

d-siRNA encompassing its sequence. 

The resulting pools were transfected 

into HeLa cells and off-target mRNA 

suppression was again measured by 

cDNA microarray. Focusing on the 

mRNAs that had been suppressed by 

the undiluted cs-siRNA, the authors 

found that a 3-fold dilution decreased, 

but did not eliminate off-target mRNA 

changes. This is significant because 

many cs-siRNAs are used in pools of 

3 or 4 species in order to reduce cs-

siRNA concentration and thus the non-

specific supression of off-target genes.  

On the other hand, 30-fold and 300-

fold dilutions eliminated the off-target 

mRNA changes while not affecting 

reduction of MAPK14 levels (data 

not shown). The authors concluded 

that the minimal off-target effects 

resulting from use of d-siRNAs could 

GL# Controls Diced siRNAs RNase III Synthetic siRNAs

Mock d-GL3 e-GL3 si-GL3 d-14-1 d-14-5 d-14-8 e-14-8 14-1 14-5 14-8

Number of mRNAs that 
changed more than 2 fold

0 0 0 13 5 4 0 1 123 57

Number of mRNAs that 
decreased more than 

p38a MAPK

1820 3653 3330 3329 32 23 18 93 47 428 171

Number of mRNAs that 
chaged significantly by 

SAM

- 0±0 4±1 33±1 7±1 9±2 12±1 11± 35±1 1105±1 322±1

Table 1. Global Changes in mRNA levels in HeLa cells treated with d-siRNAs, e-siRNAs and cs-siRNAs.

Table 1. The number of off-target mRNAs affected by three different d-siRNAs vs. three cs-siRNAs and two e-siRNAs (all targeting p38a 
MAPK14). GL3 luciferase was used as a non-specific siRNA control.
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be explained based on the dilution 

of individual problematic siRNAs to 

insignificant concentrations.

Discussion
d-siRNAs have been demonstrated 

to produce equivalent target gene 

suppression compared with cs-

siRNAs. Further, as this study shows, 

d-siRNAs have significantly lower off-

target effects compared to the more 

commonly used cs-siRNAs. This result 

runs contrary to the prevailing notion 

that a pool of multiple siRNA’s must 

result in suppression of many off-target 

genes. Yet, such data can be explained 

by the minimal concentration of any 

problematic siRNAs within d-siRNA 

pools. 

In summary, the effectiveness of 

d-siRNA in mediating targeted gene 

silencing together with its minimal 

off-target effects make it an attractive 

alternative to cs-siRNA for a wide 

range of RNA interference studies.
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GeneSilencer® Transfection Reagent Kits
Sample kit 50 reactions T500020

0.75 ml kit 200 reactions T500750

5 x 0.75 ml kit 1,500 reactions T500750

Bulk applications Custom Inquire

Recombinant Dicer Enzyme Products
Turbo Dicer siRNA Generation Kit 1 Kit T520001

Recombinant Turbo Dicer Enzyme Kit 50 units T520002

Dicer siRNA Generation Kit 1 Kit T510001

Recombinant Dicer Enzyme Kit 50 units T510002

Recombinant Dicer Enzyme Kit 4 x 50 units T510008


