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Topics 

• siRNAs can silence unintended targets by long 
matching or seed matching 

• Understanding siRNA long match silencing 
• Understanding siRNA seed match silencing 
• Off-target activity risks are best addressed through 

standard safety assessment measures in an 
appropriate safety species 
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Off-target prediction tools are a subset of multiple 
factors to be considered in siRNA design 

Example schema for siRNA sequence selection 
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RNA duplexes show two modes of transcript 
regulation in animal cells 

many seed-matched targets 
•similar to miRNA activity 
•matching to first 8 bases of GS 
•weak regulation 

few long-matched targets 
•similar to on-target activity 
•extensive matches to guide strand (GS) 
•strong regulation 
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A subset of siRNAs show strong in vitro off-target regulations 
conserved in human and rhesus cell lines 
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similar regulation to 
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rhesus and human cells 

Log10 expression ratio in rhesus cell line 

Strong off-targets tested show cross-
species site conservation, position 10 
cleavage (5’-RACE) and active, 
durable in vivo silencing 
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BLAST under-predicts and FASTA over-predicts long-
match off-targets 
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Standard 
algorithms fail 
to efficiently 
predict strong 
off-targets 
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Microarrays reveal siRNA sequence-specific gene 
expression profiles 

Nat. Biotechnol. (2003) 21:635-7; Merck 

MAPK14 target 
regulation 

sequence-specific regulation, not related to target 

scale: 10x up- regulated (red) to 10x 
down-regulated (green) 

siRNAs frequently 
regulate genes in a 
sequence-specific, 
target-non-specific 
manner 
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Counting seed matches improves prediction of siRNA 
off-target regulation vs. FASTA 

Weighted seed  
match count score 
 
Weighted FASTA  
alignment count score 
 
Random score 

Algorithms show correlation to 
observed regulation but are not 
100% accurate. 
Thus assessment in animal 
models is the ultimate arbiter of 
off-target toxicity. 

Predicting siRNA regulation of transcripts 
 in microarray data  

High-ranking 
true positive 
predictions 

Low-ranking 
false negative 

predictions 
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Genome-wide tools for target site validation remain 
exploratory 

May use tools up front in selection of target site and siRNA 
• Seed match silencing prediction 
• Long match silencing prediction 
• Expression profiling in vitro or in vivo 

However, bioinformatics tools have limitations 
• Prediction algorithms may miss important off-target genes 
• Expression profiling is limited by choice of time point, tissue, organ 

etc. 
• A potential off-target gene identified in silico or in vitro may not show 

toxicity in vivo as it may be a poor target, not expressed at the time 
or in the tissue where the drug is present, or non-critical in function 
 

 At present, in silico predictions and molecular profiling 
are exploratory tools not yet qualified as predictors of 
animal or human efficacy or toxicity 
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For assessment of off-target effects, GLP safety 
studies are the gold standard 

For both small molecule and oligonucleotide therapeutics, 
only GLP safety studies assess responses by the whole 
organism to the effects of the drug. 

No matter how well implemented, bioinformatics tools can 
never address the whole organism, all tissues and their 
interactions over time. 
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