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SmartBase™ siRNA Modifications 
Modifications for Increased Duplex Stability, Nuclease Resistance & Cell Permeation 

 
 
Introduction 
 
Well designed siRNAs are potent and specific modulators of gene expression and have immense potential in 
therapeutic gene silencing. Very successful design rules and algorithms have been established based on 
performance of hundreds of siRNA and miRNAs (miRNAs are naturally occurring and structurally resemble siRNA 
and use a similar silencing complex). The most important determinant of siRNA function is sequence specific 
recognition and Watson-Crick base pairing of the target single stranded mRNA sequence facilitated by the RISC 
complex followed by cleavage of the target mRNA leading to gene silencing. Robust algorithms are available for 
predictive selection of sequences that are patterned on established design rules (1-4). 
 
Other than specific sequence requirements, effective siRNA functionality requires the following attributes. 
 
1. Effective cell membrane permeation. 
2. Targeted delivery. 
3. Nuclease resistance confers increased half-life. 
4. Sustained gene silencing with increased duplex stability. 
5. Minimal off-target seeding and silencing  
6. Low dosage. Minimal Toxicity 
 
siRNAs are conveniently synthesized chemically similar to common primers; synthetic oligos are used ubiquitously 
for molecular applications from the simplest as amplification primers to the more complex as siRNA and aptamers. 
In general a well designed oligo to serve as a primer, probe or siRNA will perform using standard bases for 
hybridization to its cognate sequence(s); but we can make it perform better using modified bases that are 
specifically developed by nucleic acid chemists to enhance exacting characteristics.  
 
As with most natural molecules oligos are prone to degradation under normal conditions, specifically once 
introduced in body fluids. Ubiquitous nucleases as well as chemical instability lead to fast degradation with a finite 
half life. 
 
Gene Link presents various design options for synthesizing effective siRNAs, probes and oligos based on the 
application. SmartBase™ siRNA can be synthesized in a predetermined way to exhibit the features that is desired; 
for instance to increase duplex stability 2’-fluoro C and U bases and 5-methyl dC and 2-Amino dA can be 
substituted, for nuclease resistance the phosphodiester linkages can be selectively substituted with 
phosphorothioate, selected bases substituted with 2’O methyl bases and for cellular delivery we may add 
cholesterol-TEG or other lipophilic modifications like stearyl, polyethylene glycol, α-tocopherol for lipid 
membrane permeability. The siRNA sequence can also be modified with thiol or amine for post synthesis 
conjugation with Cell Penetrating Peptides (CPP’s) that are known to aid transport and facilitate cellular uptake. 
  
The premise of this product guide is to introduce the use of SmartBase™ modifications and go beyond the 
traditional use of standard DNA and RNA bases for constructing synthetic siRNAs in particular and as well 
emphasize their use in primers, oligos and probes.  SmartBase™ modifications also introduces the molecular 
biologists to develop a cross-disciplinary synergy of molecular applications to a wealth of nucleic acid chemistry 
tools available as modified bases to impart specific properties compatible with biological applications and gene 
expression pathways. 
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Effective siRNA Design 
Several guidelines have been proposed to design effective siRNA (3-5). The strategy for siRNA design is based on our present 
understanding of the biochemical mechanisms involved in RNA interference and, in particular, structural features that allow 
the antisense-strand of the siRNA duplex to be more efficiently incorporated into the RNA-induced silencing complex (RISC). 
The main characteristics are listed below (3). 
 
Default parameters: (N19)TT  
1. Low to medium GC content (30-50%). 
2. Absence of internal repeats or palindromes. 
3. Presence of an A at position 3 of the sense strand. 
4. Presence of A at position 19 of the sense strand. 
5. Absence of G or C at position 19 of the sense strand. 
6. Presence of U at position 10 of the sense strand. 
7. Absence of a G at position 13 of the sense strand. 
8. At least 3 A/Us at positions 15-19 of the sense strand. 
There are several other factors that influence effective functional performance of the designed siRNA; half-life of the siRNA is 
crucial for sustained activity and in many cases to increase effect for a longer time the dosage (concentration) is increased that 
leads to toxicity and off target effects. Similarly serum or cellular delivery methods can be improved. A common list of features 
for improvement is given below and possible sites in the nucleobase that can be modified to impart specific customized 
properties. 
Common Features for Improvement 

1. Increased nuclease resistance.  
2. Increased duplex stability and manipulation of duplex stability. 
3. Cellular delivery. 
4. Surface attachment. 

 
Common Modification Sites 

1. Phosphodiester linkages. 
2. Nucleic acid bases. 
3. Sugar moieties. 
4. Functional group addition. 

 

 
Figure 1. A partial list of possible modifications to a nucleotide. 
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Modifications for siRNA & Antisense Oligonucleotides (ASO, ODN) for Enhanced Activity 

Modification Type Mod Name Main Features Application 

Phosphate linkage phosphodiester Naturally occurring Steric hindrance & 
RNase H cleavage 

    
Phosphate linkage phosphorothioate 

(PS) 
Inexpensive, improved nuclease resistance Steric hindrance & 

RNase H cleavage 
    
Sugar modification LNA & 2'-Fluoro Increased duplex stability and nuclease resistance. 

Does not support RNase H cleavage. N 
Steric hindrance 

    
 2'-O Me & 2'-O MOE Increased duplex stability and nuclease resistance. 

Does not support RNase H cleavage. Inhibits immune 
stimulation of PS backbone 

Steric hindrance 

    
Non-nucleotide & 
non-lipophilic 

GalNAc Used in combination with other modifications in ASO 
or siRNA for cellular delivery 

Targeted liver delivery 

    
Lipophilic Cholesterol TEG, 

Stearyl or α-
tocopheryl 

Non-toxic lipophilic modifications used in combination 
with other modifications in ASO or siRNA for cellular 
delivery 

Cellular delivery 

 
 
 
 

SmartBase™ siRNA Modification 
 Increasing Duplex Stability, Nuclease Resistance & Cell Permeation 

Modification* Duplex Stability [Tm Increase] Nuclease Resistance Cell Permeation 

Phosphorothioate Slightly decreased Increased Slightly increased 

2’-O Methyl Increased Increased No effect 

2’-Fluoro A and U Increased [1-2° per substitution] Increased No effect 

2-Amino-dA Increased [3.0° per substitution] No effect No effect 

5-Methyl-dC Increased [1.3° per substitution] No effect No effect 

3’-Cholesterol  No effect No effect Increased 

3’-PEG No effect No effect Increased 

3’-Spacer 18 No effect No effect Increased 

Selected list of modifications available from Gene Link, Inc. are listed in this table. 
Visit www.genelink.com  for complete offerings. 

 
 

http://www.genelink.com/


RNAi: Smart Base siRNA Design 
For research use only. Not for use in diagnostic procedures for clinical purposes. 

 

 

SmartBase_siRNA_Design_V2.1.doc                         l www.genelink.com l                      Page 5 of 12                    

 
SmartBase™ siRNA Pathway Interactions  
SmartBase™ modifications go beyond the traditional use of RNA bases for constructing synthetic siRNAs to specifically increase 
duplex stability, nuclease resistance and cell permeation. SmartBase™ can be incorporated based on the following observations 
• 2’- OH is not required for siRNA to enter the RNAi pathway. 
• The major groove of the A-form helix is required for RNAi. 
• Guide strand 5’ end (Antisense) has a seed region of 2-8 bases that should be A-U rich. Modified siRNAs that stabilize A–U 
base-pair interactions can induce RNAi. 
• Modified siRNAs enter into the RNAi pathway in vitro. 
• Phosphorothioate increases stability but with slight decreased or no effect on silencing. 
• Add 3’-thiol for conjugation to cell penetrating peptides (CPPs). 
 
 

SmartBase™ siRNA Recommended Modifications 
• Alternating 2’-F bases and 2’OMe bases in siRNA enhances duplex stability and are more resistant to RNase degradation.  
• Use a few 2’OMe bases in the seed region of the guide strand to decrease the Tm below 21.5 of this region. 2’O methyl base 
hybridization with RNA has a lower TM. (5’ end of guide or antisense strand has a seed region of 2-8 bases that should be A-U 
rich). Modified siRNAs that stabilize A–U base-pair interactions can induce RNAi. 
• Phosphorothioate linkages confer oligonucleotides resistance to nuclease degradation. 
• Incorporate 2’-F bases, 5-me dC or 2-amino dA preferentially at the 5’ end of the sense strand to block incorporation of the 
sense strand in to the RISC. 
• 2’F U and C substituted siRNA are more resistant to RNase degradation. 
• 3’ Cholesterol modification helps in cellular uptake. Alternates are PEG and long chain spacers. 
• 5’ or 3’ GalNAc C3 modification for targeted liver delivery. 
 
 
SmartBase™ siRNA and ASO Design Service 
 
Gene Link offers SmartBase™ siRNA and ASO design services for a fee. You simply give us the accession number or sequence for 
the gene to down regulate. Gene Link designs siRNA’s using published criteria’s and proprietary algorithms. Gene Link 
guarantees a minimum of 70% silencing of your gene with at least one of the siRNA supplied. Three target siRNA will be 
supplied. 

SmartBase™ siRNA and ASO design service is only available for Human and Mouse Reference Sequence (RefSeq) Accession 
Numbers. 

- 3 specific target siRNAs custom synthesized by Gene Link. Each siRNA is supplied annealed and ready to use after 
reconstitution. Additional charges for synthesis. Visit this link for pricing information. 

- Guarantee: Gene Link guarantees a minimum of 70% silencing of your gene with at least one of the siRNA supplied. Gene Link 
will synthesize another set of 3 siRNA if evidence is provided of none of the provided siRNA was functional in achieving a 
minimum of 70% silencing. 

- Let Gene Link design and supply the custom RNAi Explorer™ and you simply knock out a gene! 

 
 

Contact Gene Link technical services for expert help in designing custom SmartBase™ siRNAs 
support@genelink.com  

http://www.genelink.com/geneprodsite/category.asp?c=162
mailto:support@genelink.com
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Figure 2. Effective siRNA design features based on sequence requirements and suggested modified bases to impart 
specific desired characteristics.  
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Increased Duplex Stability and Manipulation of Duplex Stability 
Specific and stable hybridization of the oligo to its cognate sequence is the desired outcome of a successful experimental 
protocol. The melting temperature of the oligo dictates the strength of the affinity and thus the stability of the hybridization. 
Manipulation of the oligo sequence to increase the duplex stability or in some cases to decrease the duplex stability in certain 
loop structure will lead to oligos with increased affinity for the target molecule. There are many nucleic acid modifiers that 
increase duplex stability, examples are 5-methyl dC, 2-amino dA, locked nucleic acids etc.  
 
A summary is presented in the table below. Gene Link does not presently offer LNA substituted oligo synthesis due to licensing 
issues and as such LNA base modifications are not included in this guide. 
 
Increased Nuclease Resistance 
As with most natural molecules synthetic DNA and RNA oligos are prone to degradation under normal conditions, specifically 
once introduced in body fluids. Ubiquitous nucleases as well as chemical instability lead to fast degradation with a finite half 
life. Nucleic acids are degraded rapidly once introduced in bodily fluids, RNA are more susceptible to degradation under normal 
laboratory conditions particularly due to RNase contamination. Special precautions must be taken to prevent RNA degradation. 
Nuclease resistant modifications can be introduced chemically in oligonucleotides that still retain its molecular structure and its 
shape based molecular interaction. These modifications are almost indispensable and have been used intensely in antisense 
applications. Also nucleic acids with mirror image chemistry have been developed that evade natural nucleases completely. 
Examples are converting the normal phosphodiester linkages to phosphorothioate or phosphorodithioate linkages, 2’O methyl, 
propyne bases etc. 
 
Antisense oligonucleotides refer to short, synthetic oligonucleotide that are complementary in sequence and upon specific 
hybridization to its cognate gene product induces inhibition of gene expression. Oligonucleotides, as short as 15 mer have the 
required specificity to inhibit gene expression of a particular gene by annealing to the cellular mRNA (1,2). The mechanism of 
gene expression inhibition is based on two properties; the first is the physical blocking of the translation process by the 
presence of the short double stranded region, secondly the presence of the RNA-DNA duplex is susceptible to cellular RNase H 
activity. RNase H cleaves the RNA-DNA duplex region of the mRNA thus preventing the faithful translation of the mRNA (3). 
 
The stability of the RNA-DNA duplex in terms of hybridization and half-life is crucial to successful gene inhibition. Vigorous 
research activity in the area of nucleic acid chemistry has been devoted in developing novel base analogs that are resistant to 
degradation and that possess strong hybridization properties. This product profile aims at listing some analogs that meet the 
above criteria and are amenable to be synthesized by currently available standard DNA synthesis chemistry. This includes the 
classical phosphorothioate linkages (4), propyne analogs (5) and 2’Fluoro bases. 
 
RNA interference studies have shown the effectiveness of short interfering RNA (siRNA) in gene silencing. siRNA technology is 
now extensively recognized as a powerful tool for the specific suppression of gene expression and is presently being used by 
researchers in a wide range of disciplines for the assessment of gene function. These are generally 21mer double stranded 
RNA. Active research to render the siRNA more stable to degradation and to increase the duplex stability has led to the use of 
modified bases. 2’O methyl and/or 2’Fluoro bases are an attractive substitute together with phosphorothioate linkages to 
impart greater duplex stability and resistance to nuclease degradation 
 
 
Gene Link offers an extensive array of modifications to accomplish duplex stability and nuclease resistance to synthetic oligos. 
We can synthesize complex combinations of modifications, chimeric oligos and fluorescent probes. In addition to the synthesis 
of these modified oligos, we routinely assist customers in the design of the oligos that are particularly suited to their 
application. 
 
 
Duplex Stabilization 
Using these base substitutions, duplex stability and therefore melting temperatures are raised by the approximate amounts 
shown below. 
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Modifications Increasing Duplex Stability and Nuclease Resistance 

Modification* Duplex Stability [Tm Increase] Nuclease Resistance 

Phosphorothioate Slightly decreased Increased 

2’-OMethyl Increased Increased 

2’-Fluoro Increased [1-2° per substitution] Increased 

2-Amino-dA Increased [3.0° per substitution] No effect 

5-Methyl-dC Increased [1.3° per substitution] No effect 

C-5 propynyl-C Increased [2.8° per substitution] Increased 

C-5 propynyl-U Increased [1.7° per substitution] Increased 

*Selected list of modifications available from Gene Link, Inc. are listed in this table. 
 Visit www.genelink.com  for complete offerings. 

 

 

Careful selection of modifications and verifying the performance of modified siRNA is required; the guidelines 
presented are based on documented physical and chemical properties of the modifications. Design rules may 
have to be established empirically for very specific or novel assay settings but following these recommendations 
will provide a good start. 
 
 
 

 

http://www.genelink.com/
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*RNAi and siRNA  
RNA interference (RNAi) is a specific and sequence dependent targeted gene silencing activity. RNAi acts by post transcriptional degradation of mRNA by small interfering RNAs 
(siRNA’s) of the same sequence. The silencing approaches 100% and has to be empirically determined and optimized. Not every siRNA can effectively down regulate a gene. The 
process of RNA interference varies by individual siRNA while some do not exhibit any interference at all. 
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Document Warranty and Liability 
 
Information in this document is subject to change without notice. This document and all information presented in this 
document are written as a guide. Gene Link, Inc. does not warrant this document to be free of errors and assumes no 
responsibility for any errors that may appear in this document. 
Gene Link disclaims all warranties with respect to this document, expressed or implied, including but not limited to those of 
merchantability or fitness for a particular purpose. In no event shall Gene Link be liable, whether in contract, tort, warranty, or 
under any statute or on any other basis for special, incidental, indirect, punitive, multiple or consequential damages in 
connection with or arising from this document, including but not limited to the use thereof. 
 
Website 
As the receipt of information on the Internet is highly dependent upon factors, including without limitations to, the user’s 
computer, browser, operation system, etc., information may be perceived incorrectly. Therefore, Gene Link does not warrant 
or guarantee that the information contained on its website www.genelink.com is error free. 
 
Product Warranty and Liability 
 
Warranty: Gene Link makes no warranty of any kind, specifically disclaims and excludes all other warranties of any kind or 
nature, directly or indirectly, express or implied, including, without limitation, as to the suitability, productivity, durability, 
fitness for a particular purpose or use, merchantability, condition, or any other matter with respect to Gene Link products. 
Gene Link products are for research purposes only including custom products. There is no warranty or claim of its performance 
for any specific research application. All Gene Link products are guaranteed to meet or exceed the specifications stated. Each 
Gene Link product is shipped with documentation stating specifications and other technical information. If the product fails to 
meet the stated specifications the sole remedy is prompt replacement by Gene Link or within 30 days of purchase a refund of 
the purchased price. 
 
Liability: Under no circumstances shall Gene Link be liable for any damages directly or indirectly related to Gene Link’s products 
and services. Whether direct, incidental, foreseeable, consequential, or special (including but not limited to loss of use, revenue 
or profit), whether based upon warranty, contract, tort (including negligence) or strict liability arising in connection with the 
sale or the failure of Gene Link products to perform in accordance with the stated specifications. 
 
Research Use Only. Not for use in diagnostic or clinical procedures. 
 
Notice to Purchaser: The purchase of this product conveys to the purchaser the limited, non-transferable right to use the 
purchased amount of the product only to perform internal research for the sole benefit of the purchaser. No right to resell this 
product or any of its components is conveyed expressly, by implication, or by estoppel. This product is for internal research 
purposes only and is not for use in commercial applications of any kind, including, without limitation, quality control and 
commercial services such as reporting the results of purchaser's activities for a fee or other form of consideration. For 
information on obtaining additional rights, please contact support@genelink.com. 
 
© 2020 Gene Link Inc. All rights reserved.  
The trademarks mentioned herein are the property of their respective owners. 
 
Gene Link, Inc. 
 
 
Email: support@genelink.com 
www.genelink.com  
 

mailto:support@genelink.com
http://www.genelink.com/
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