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Presentation overview

1. Screening workflow
2. Design consideations:

• Which genes to assay: biological question
• Sources of error in the screens:

• Experimental (Optimization of the biological materials)
• Off-target effects and how to avoid them: specific/non- 

specific
3. Statistical concepts important for RNAi screens
4. RNAi screening data analysis software (siRna, cellHTS2)
5. Sensitization analysis (synthetic lethal screens)
6. siRNA screenign is not the end but the beginning.
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Screening work-flow

Biological question

Primary screens

Replicating hits

Biological assay/reagents
relevant to question

Libraries of siRNAs, miRNAs, 
compounds

Secondary screening

Integration with: gene expression,
aCGH, other screens (cancer/normal)

Investigation of: pathways targeted, 
literature

Prioritized hits for further validation
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Design considerations: Identity and 
placement of controls

• Positive control: PLK1, 
KIFF11(EG5) or specific for 
the assay

• Negative control: scramble 
siRNA, non-hitting genes?

• Mock transfection/lipid only
• Background/ cells-only
• Enough controls that you can 

calculate standard deviation 
from them: 8-16

• Placement of controls on the 
array should be random, but in 
practice at least some 
alternation of rows/columns is 
good
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Design considerations: Off-target effects
• Non-sequence 

specific off-target 
effects:
–

 

Interferon 
response

–
 

siRNA causing 
miRNA 
machinery 
saturation

–
 

Lipid toxisity
• Specific:

–
 

Effects on 
related mRNAs

–
 

miRNA 
mechanism 
based off-target 
effectsAll off-target effects are cell 

line and reagent specific
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Design considerations: how to minimize off- 
target effects (OTE)

1. Optimize screens (not covered on this course).
• Use fresh cells and minimal amounts of siRNA.

2. Use replicate screens and redundant siRNAs (2-8).
• Different siRNAs are unlikely to have the same off-targets
• Pools can also reduce OTE but redundant siRNAs = better

3. Assay as many parameters as possible.
4. Normalize the screen properly.
5. Ratios of measurements can help:

• Ratios control often for cell amount etc…(self-normalizing)
6. Knockdown of the mRNA/protein needs to be confirmed.
7. Always treat screening data with caution.
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Robust statistics reduces the effect of 
outliers on the results

• Robustness: method is 
relatively insensitive to outliers, 
anomalous values, in the series

• Mean: The average of the 
values in the series

• Median: the center of the 
values in the series.

• Standard deviation:

• Median absolute deviation:

median(|2-3.25|, …,|8-3.25|)
• sd=1.4826*MAD

• s1=(2, 2.5, 3, 3.5, 3.5, 4)
• s2=(2, 2.5, 3, 3.5, 3.5, 8)
• Mean:

–
 

mean(s1)=3.08
–

 

Mean(s2)=3.75
• Median

–
 

median(s1)=3.25
–

 

median(s2)=3.25
• Standard deviation:

–
 

sd(s1)= 0.74
–

 

sd(s2)= 2.16
• Median absolute deviation:

–
 

mad(s1)=0.74
–

 

mad(s2)=0.74
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Z-scores and mad-scores
Z-score is the distance of the value from mean 

in standard deviation units.

• Z-score: x - mean(sample)/sd(sample)
• MAD-score: x - median(sample)/MAD(sample)
• Robust Z-score: x - median(sample)/MAD(sample)*1.4826

If robust metrics are not used it is possible to miss
significant changes in activity.

> (s1-mean(s1))/sd(s1)
[1] -1.4719601 -0.7925939 -0.1132277  0.5661385  0.5661385  1.2455047
> (s1-median(s1))/mad(s1)
[1] -1.6862269 -1.0117361 -0.3372454  0.3372454  0.3372454  1.0117361

> (s2-mean(s2))/sd(s2)
[1] -0.8093703 -0.5781216 -0.3468730 -0.1156243 -0.1156243  1.9656135
> (s2-median(s2))/(mad(s2)*1.4826)
[1] -1.1373445 -0.6824067 -0.2274689  0.2274689  0.2274689  4.3219090



VTT MEDICAL BIOTECHNOLOGY

Quality control parameters for screens

Signal to noise ratio: mean/median of positive controls 
(1) - mean/median of negative 
controls (2) divided by the 
standard deviation of the 
negative controls

Z' - factor: Z' = 1 (ideal screen)

1 > Z' > 0.5 (excellent screen)

0.5 > Z' >0 (doable screen)

Z < 0 (screen has failed)

Positive control (1)Negative control (2)
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Software for siRNA data analysis

• R/Bioconductor:
–

 
CellHTS2

• Has been around for a longer time
• Html reports of the results

–
 

RNAither
• More developed between screen normalizations

• siRna (developed at VTT)
–

 
A workflow oriented approach 

–
 

Minimal command typing and hands on time 
• one command carries out entire analysis automatically

–
 

Minimal knowledge of R needed
–

 
A great deal of graphical output is generated

–
 

Creates Excel readable output files
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Outline of an analysis run using siRna
• Reading in the data

–
 

Correct format is important
–

 
Defining the siRNAs (Control/Sample/use of barcodes)

–
 

Exceptional annotations handling

• Normalisation of the data
• Plate series plot: for each screen/normalisation
• Plate image plot: for each plate/normalisation
• Data distribution plots:

–
 

tests for normal distribution and artefacts
–

 
q-norm plot, histogram, boxplot

• A combitable for each normalisation (Excel compatible)
• Log file containing analysis verbose output is created
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cell line

date

scan_id

barcode

Raw data file:

Reading in the data
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Normalise 
d

Raw

Results can be displayed in a plate series plot
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loess fit

raw data

loess‐log

B‐score

Plate picture plots make it easy to compare normalizations
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• Statistical outliers are defined using the IQR (inter- 
quartile range) and given a low weight

o maximum

o upper quartile

o median

o lower quartile

o minimum

outliers

outliers

Our loess method estimates hits before 
smoothing
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Data distribution plots

qqnorm:  values vs. 
the normal 
distribution

histogram boxplot: each plate 
separately
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Hit determination: threshold method

• A threshold of mean/median +/- 2-3SD is 
often used to define hits

• If the data is normally distributed then 95% 
of the data is within 2SD and 99.7% within 
3SD (thresholds are only indicative).

• Thresholds are usually chosen so that there 
is a degree of repeatability in the hits.

• We use screen-wise thresholds but plate- 
wise can be useful sometimes.

Screen-wise threshold Plate-wise threshold

3SD
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One file for each 
 normalisation

Comprehensive sorted output
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"Customer" is provided with an interactive 
Excel file

Can be generated automatically with R.
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• Two screens, each with and without drug.

• Difference of ’+drug’ and ’-drug’ of each screen: 
diff1 = ’S1_+drug’ – ’S1_-drug’ (resp. for diff2)

• Plate-based normalisation of the sensitisation score by dividing 
the median score of the plate

• Screen-based (across-plates) normalisation using Quantile 
normalisation (limma)

• Sensitisation score = mean(diff1, diff2)

• P-values for the probability that the sensitisation score lies within 
the ’normal-like’ set of the score distribution (outliers)

• Q-values using FDR (false discovery rate) method for multiple 
testing correction (qvalue)

Criteria: Sensitization hits
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raw data 1 raw data 2

plate‐normalised 1 Plate‐normalised 2

Plate series plots to illustrate steps…
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quantile‐normalised 1 quantile‐normalised 2

Sensitisation score

To the sensitization score
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Integration of data from other sources

Increased gene expression 
and greater siRNA growth 
inhibition

Gene amplification, siRNA 
growth inhibition and gene 
expression increase

by Henrik Edgren

Expression ratio to parental
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One cell line: GE+siRNA+aCGHTwo cell lines: GE+siRNA
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High Throughput Screening Database: 
Multiple Assays of the same Model System 

HTSdbPlate based:            
- CTB                        
- CellTiter-Glo™ 
- ApoOne™ 
- luciferase assays

Lysate arrays:             
- up to 3 channels       
- multiple endpoints    
- use of ratios

Cell Arrays:                                   
- up to 5 channels                         
- uHTS (10000's)                            
- improved repeatability               
- use ratios for normalization

Supporting Data:

- gene expression

- aCGH

- miRNA expression 
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