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today’s presentation…today’s presentation…

vocabularyvocabulary
RNA Interference backgroundRNA Interference background
Part I Part I –– human siRNA library analysishuman siRNA library analysis
Part II Part II –– algorithm designalgorithm design
Q & A (feel free to ask during as well)Q & A (feel free to ask during as well)



4

vocabularyvocabulary

target ~ mRNA ~ genetarget ~ mRNA ~ gene
silence ~ knockdownsilence ~ knockdown
offoff--target effect: when an siRNA interferes with target effect: when an siRNA interferes with 
an mRNA that it wasn’t intended for, caused by an mRNA that it wasn’t intended for, caused by 
sequence similaritysequence similarity
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RNAi backgroundRNAi background

RNA Interference (RNAi) is a naturally RNA Interference (RNAi) is a naturally 
occurring gene silencing mechanismoccurring gene silencing mechanism
possibly evolved to defend cells from possibly evolved to defend cells from 
transposable DNA elements and virusestransposable DNA elements and viruses
Andrew FireAndrew Fire and and Craig C. MelloCraig C. Mello received 2006 received 2006 
Nobel Prize in Physiology or Medicine for their Nobel Prize in Physiology or Medicine for their 
paper (1998) explaining RNAi in paper (1998) explaining RNAi in C. elegansC. elegans
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how does RNAi work?how does RNAi work?

nucleus

dsRNA
dicer

RISC

mRNA

siRNAs



7

video!video!
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RNAi research at TGenRNAi research at TGen

Pharmaceutical Genomics Division at TGenPharmaceutical Genomics Division at TGen
involved in cancer diagnostics and involved in cancer diagnostics and therapeuticstherapeutics
siRNAsiRNA--mediated selective knockdown of cancer mediated selective knockdown of cancer 
causing genes (oncogene)causing genes (oncogene)
Analyzing whole human transcriptome by highAnalyzing whole human transcriptome by high--
throughput screeningthroughput screening
‘whole human genome siRNA library’‘whole human genome siRNA library’
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siRNA library analysissiRNA library analysis

the siRNA library was created by a commercial the siRNA library was created by a commercial 
company company 
it covered a large part of the human genome it covered a large part of the human genome 
(10K genes)(10K genes)
for each mRNA they designed 4 different for each mRNA they designed 4 different 
siRNAssiRNAs
prepre--validated, usually meaning more than 80% validated, usually meaning more than 80% 
silencingsilencing
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siRNA library analysissiRNA library analysis

offoff--target effect: Sequence identity between target effect: Sequence identity between 
siRNA and other mRNA transcripts causes siRNA and other mRNA transcripts causes 
RNAi to silence nonRNAi to silence non--targeted genestargeted genes
does our siRNA library have any offdoes our siRNA library have any off--target target 
effects?effects?
If so, to what extent?If so, to what extent?
unintentional but useful offunintentional but useful off--target effects? target effects? 
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search for offsearch for off--target effectstarget effects

create FASTA filescreate FASTA files
need to find sequence homologyneed to find sequence homology

BLAST (need local copy)BLAST (need local copy)
download download refseq_rnarefseq_rna (2GB)(2GB)
for each siRNA run BLASTfor each siRNA run BLAST

filter out nonfilter out non--Homo sapiensHomo sapiens
end up with several hits for each siRNAend up with several hits for each siRNA
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extent of offextent of off--target effectstarget effects
frequency of BLAST matches
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about using BLASTabout using BLAST

what is my E value?what is my E value?
word size?word size?
CCGUUAUAUAUUAGGUGAUUACCGUUAUAUAUUAGGUGAUUA

||||| ||||||||| |||||||||| ||||||||| |||||

CCGUUCCGUUGGUAUAUUAGGUAUAUUAGGAAGAUUAGAUUA

overestimate or underestimate?overestimate or underestimate?
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which ones could be useful?which ones could be useful?

it could be useful to knockdown a family of it could be useful to knockdown a family of 
genesgenes
which siRNAs has offwhich siRNAs has off--target effects in one target effects in one 
family?family?
crosscross--reference my BLAST results with HGNC reference my BLAST results with HGNC 
databasedatabase

HUGO Gene Nomenclature CommitteeHUGO Gene Nomenclature Committee
assigns gene to familiesassigns gene to families
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which ones could be useful?which ones could be useful?

criteria:criteria:
if HGNC associated more than half of my hits for a if HGNC associated more than half of my hits for a 
certain siRNAcertain siRNA
or more than 4 no matter how many hitsor more than 4 no matter how many hits

300 siRNAs that could be identified as:300 siRNAs that could be identified as:
“likely to have off“likely to have off--target effects on a specific family target effects on a specific family 
of genes”of genes”

how to use this list?how to use this list?
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today’s presentation…today’s presentation…

vocabularyvocabulary
RNA Interference backgroundRNA Interference background
Part I Part I –– human siRNA library analysishuman siRNA library analysis
Part II Part II –– algorithm designalgorithm design

Q & A (feel free to ask during as well)Q & A (feel free to ask during as well)
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algorithm designalgorithm design

previous section: searched for unintentional but useful previous section: searched for unintentional but useful 
offoff--target effects using a commercial librarytarget effects using a commercial library
this section: let’s create offthis section: let’s create off--target effects that we know target effects that we know 
will be usefulwill be useful
how to design siRNA’s that can silence multiple how to design siRNA’s that can silence multiple 
genes?genes?

functional redundancy exists with a lot of proteins functional redundancy exists with a lot of proteins –– that’s that’s 
why it is important to knock out multiple gene family why it is important to knock out multiple gene family 
membersmembers
delivery is an issuedelivery is an issue



18

algorithm designalgorithm design

most work has been done on eliminating offmost work has been done on eliminating off--
target effectstarget effects
two sets of widely accepted guidelinestwo sets of widely accepted guidelines

Reynolds et. al (8 items)Reynolds et. al (8 items)
UiUi--Tei et. al (4 items)Tei et. al (4 items)
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Reynolds vs. UiReynolds vs. Ui--TeiTei

30%30%--52% GC content52% GC content
Three or more A/Us at Three or more A/Us at 
positions 15positions 15--19 (sense)19 (sense)
A at position 19 (sense) A at position 19 (sense) 
A at position 3 (sense) A at position 3 (sense) 
U at position 10 (sense) U at position 10 (sense) 
No G/C at position 19 No G/C at position 19 
(sense)(sense)
No G at position 13 No G at position 13 
(sense) (sense) 

A/U at the 5' end of the A/U at the 5' end of the 
antisense strandantisense strand
G/C at the 5' end of the G/C at the 5' end of the 
sense strandsense strand
AUAU--richness in the 5' richness in the 5' 
terminal oneterminal one--third of the third of the 
antisense strandantisense strand
the absence of any GC the absence of any GC 
stretch over 9bp in stretch over 9bp in 
length. length. 
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algorithm design guidelinesalgorithm design guidelines

5’

5’

3’

3’
119

30-52% GC, no long repeats

A/U should exist

A/U rich

no long GC stretch

•Reynolds

•Ui-Tei

these are for increasing efficiencythese are for increasing efficiency
we may have to sacrifice efficiency for specificitywe may have to sacrifice efficiency for specificity



21

what effects specificity?what effects specificity?

seed region; 6seed region; 6--7 nucleotides at the 5’ end of the 7 nucleotides at the 5’ end of the 
antianti--sense strandsense strand
this region is known to initiate binding to the this region is known to initiate binding to the 
mRNAmRNA

5’

5’

3’

3’
119

seed region

seed region

Guide / anti-sense strand
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seed regionseed region

Qiu showed that a baseQiu showed that a base--pair difference in this pair difference in this 
region reduced offregion reduced off--target chances by a great target chances by a great 
marginmargin
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other facts to considerother facts to consider

shorter siRNAs have greater chance for offshorter siRNAs have greater chance for off--
target effectstarget effects
though not as important as seed region; though not as important as seed region; 
contiguous centrally located complementarity contiguous centrally located complementarity 
more than half the length of siRNA is also a more than half the length of siRNA is also a 
factorfactor
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algorithm designalgorithm design

guidelines for designing siRNA to silence multiple guidelines for designing siRNA to silence multiple 
genes:genes:

The set of genes we wish to silence must contain at least 11 The set of genes we wish to silence must contain at least 11 
basebase--pairs of nearpairs of near--perfect matchperfect match
The 6The 6--7 matching base7 matching base--pairs of this aligned region should pairs of this aligned region should 
correspond to the seed region of the siRNA correspond to the seed region of the siRNA 
If the aligned region can be extended include as much as If the aligned region can be extended include as much as 
possible in the opposite direction from the seed region possible in the opposite direction from the seed region 
Apply the guidelines for siRNA efficiency as outlined by Apply the guidelines for siRNA efficiency as outlined by 
Reynolds and UiReynolds and Ui--Tei if possible Tei if possible 
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efficiency guidelines?efficiency guidelines?
multiple alignment program parameters?multiple alignment program parameters?

mRNA 1

mRNA 2

mRNA 3

6-7 base 
pairs

siRNA

siRNA

extend similarity in this 
direction, at least 11bp

A/U rich

no long G/C 
stretch
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manual trialmanual trial

picked a family (chemokine)picked a family (chemokine)
took 3 memberstook 3 members
clustalwclustalw multiple alignmentmultiple alignment
check efficacycheck efficacy
check uniquenesscheck uniqueness
BLAST tooBLAST too
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Questions?Questions?
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