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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

Statistical concepts important for RNAI screens

RNAI screening data analysis software (siRna, cell[HTS2)
Sensitization analysis (synthetic lethal screens)

SIRNA screenign is not the end but the beginning.
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Screening work-flow

Biological assay/reagents Libraries of siRNAs, miRNAs,
relevant to question compounds
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Integration with: gene expression, Investigation of: pathways targeted,
aCGH, other screens (cancer/normal) literature
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Rows

Design considerations: Identity and
placement of controls

» Positive control: PLK1,
| ? | 1|1 | 1|3 | 1|5 l 1|7 l 1? | 2|1 ! o K”:Fll(EGS) or SpeCifiC for
the assay

Negative control: scramble
Bl visc contro SiIRNA, non-hitting genes?

e Mock transfection/lipid only
| — Background/ cells-only

Mock Enough controls that you can
I Negative contro calculate standard deviation
from them: 8-16

e Placement of controls on the
array should be random, but in
practice at least some

Cojtimis: alternation of rows/columns is

good

Sample
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Design considerations: Off-target effects

Non-sequence
specific off-target

siRNA design Design of experiment effects:
Design of
experiment = - Interferon
— response
response
EHHNA . P .
—- IEFM response - SlRNA Causlng
_E MiRNA
Saturah::-n l siRNA design Design of experiment machinery

\‘> _u.@ l saturation
RISC . .
- Lipid toxisity

l « Specific:

. ]]]I[@ m; - Effects on

Specific Spemﬂc

target off-target related mRNAs
T - miRNA

Confirm phenotype mechanism
A~ based off-target
All off-target effects are cell effects

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.




VTT MEDICAL BIOTECHNOLOGY

Robust statistics reduces the effect of
outliers on the results

 Robustness: method is sl=(2, 2.5, 3, 3.5, 3.5, 4)
relatively insensitive to outliers, e 52=(2, 2.5, 3, 3.5, 3.5, 8)
anomalous values, in the series

 Mean:
 Mean: The average of the - mean(s1)=3.08
valuc?s In the series - Mean(s2)=3.75
* Median: the center of the e Median

values in the series. - median(s1)=3.25

« Standard deviation: - median(s2)=3.25
1 & « Standard deviation:
- d TR - sd(s1)= 0.74
- sd(s2)=2.16
* Median absolute deviation: » Median absolute deviation:
MAD = median; ( |X; — median;(X;)| ) - mad(s1)=0.74
median(|2-3.25]|, ...,|8-3.25|) - mad(s2)=0.74

e 5d=1.4826*MAD VvIT




Z-scores and mad-scores

Z-score is the distance of the value from mean
in standard deviation units.

o 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.
> (s1l-mean(sl))/sd(sl)
[1] -1.4719601 -0.7925939 -0.1132277 0.5661385 0.5661385 1.2455047
> (s1l-median(sl))/mad(sl)
[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
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Quality control parameters for screens

Frequency

| data variability band |

i data variability band |

3o, |

" separation band |

i
1

1 -
-

* 30,

Negative control (2)

Signal to noise ratio:

Z' - factor:

Zr =1

3a

and S/B=

1+ a2)

|.“L

ua|

=|=

Positive control (1)

mean/median of positive controls
(1) - mean/median of negative
controls (2) divided by the
standard deviation of the
negative controls

Z' =1 (ideal screen)
1>2Z'> 0.5 (excellent screen)
0.5 > Z'>0 (doable screen)

Z < 0 (screen has failed)




Software for sSIRNA data analysis

* R/Bioconductor:
- CellHTS2
« Has been around for a longer time
e Html reports of the results
- RNAIither
* More developed between screen normalizations

e SiIRna (developed at VTT)
- A workflow oriented approach
- Minimal command typing and hands on time
e 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

e 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
- g-norm plot, histogram, boxplot

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

VITr
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Reading in the data

———Sscan_id

[ Fotgers x 50569} H21-P013_Paui_Shake= CTB_384_20080509_092753 MY
. | )10570_Q-H22-P004_Paa_Shake+CTB_384_20080509_092904_ ARcSv
¢ (2 080229_Roche_GWSRNA_SCTE & 31571 (H27-P010_Paula_Shake+CTB._384_20080509_092927_AA.csv

Raw data file: + (0 080321_Pauia_Q21-22_ Pala  )10572_QH28-P010_Pauia_ShakesCTB_384_20080509_093027_AA.csv
(5] Microsoft Excel - 10569 Q-H2ipo13.| | = 080331_veep_Paua 3;«]105?3_Pauta_5hake+m_334_2m130509_093m5_msv
= = b [ -2 0- &) 10574(QH30-P010 Paula_Shake+CTB_384_20080509_093137_AA.CSV
‘S Be COt Vew et Fomot Ioos # ) 080418-22_Q-KinPho-Pool_Tes i _384_ 093137
_ barcode
i I s I K RO TSR WY
B7 A AOS Address |u:1 T:\BEL11 - Ladkekehityksen bioteknikka\Projects\CBS wt\R .
. Folders 7 R cell line
c1l) PIRpt=1 Grd & (£) 080229_Roche_GWSIRNA_Scre 4 905'3'3
R carace (Vielroigeal 5 () 080321_Paula_Q21-22_Paula
"3 |Q-H21-P013  AO1 3687162 N ;‘030331_v -E o o //date
4 Q-H21-P013 AQ2 4165002 — —Veop_Fal ’/]
5 |Q-H21-P013  AO3 3922653 ) 080418-22_Q-KinPho-Pool Tes |
6 |Q-H21-P013 AQ4 3830668 # ) 080419_Incap_andr_abl_tao
7 |0-H21-P013 [AO5 _]4210147 5 (C3) 080509_Paula_LNCaP_AA =
oot o —wmor | O e "
10 |Q-H21-P013  AO8 4420726 * 2 AA_090508 I
11|Q-H21-P013 A09 4201349 ® 10 AA_200508 /_J Parental_200508
12 |Q-H21-PO13  A10 4621194 # | Parental_090508 {
# |} Parental_200508
@ | Resutts ! _’,.l Resis
*# |2) 080523_Tina_1A%etal {
¥ | 080523_Tina_1A%etal_reoptimi




Results can be displayed in a plate series plot
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Plate picture plots make it easy to compare normalizations
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Our loess method estimates hits before
smoothing

o Statistical outliers are defined using the IQR (inter-

guartile range) and given a low weight

O maximum

O upper quarh

N

0 median —— |~

O lower quartile

O minim

o~/

.

~Na

8
:

: outliers

B

1 L —|I L
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. outliers

swirl.1 swirl.2
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Swirl4
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Sam pk Orantiks

Sam phe Oantikes

qgqnorm A172_080515

Data distribution plots

F reciie aoy

Theoretical Quantlies

qgnorm LN405_080515

F recjie acy

Trearetical Cuanilles

ggnorm: values vs.
the normal
distribution
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histogram

—
l
I
I
l
|
i
T T
APNITRZE QELOIERIS
LN405_080515
! 1
l | |
1
E. —
! i i
l I
- | 1
I 1
T T T T
APMHOI-PZEE QELICIEP18 QEIPIH QHEPUM

boxplot: each plate
separately
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Hit determination: threshold method
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Plate number (plate-well series) Plate number (plate-well series)

» 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).

dnormx)
01 02 03 04
|

0o

» 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. VIT

3SD
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One file for each

normalisation
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‘Customer?™

IS provided with an interactive
Excel file

¥ normalised b Mariclina 08111245 [Kompatibilitdstsmodus] - Microsoft Excel nichtkemmer vendung (Test) - X
Einfagen Seitenlayout Formeln Daten Uberprafen Ansicht Add-Ins - 7 X
s S m = n = " =7 Fem ¥ AutoSumme ~ A
J s Calibri 11 Lt e 1| = =\|$/ | =1 Zeilenumbruch ?tandard ; ) __‘ﬁ == : j S 7 lﬁ
Emfegen ) =5 Verbinden und zentrieren - \-‘E ] nun”"ig _;“g, ForBr:adtli:rgutig- f;l:ﬂ;’;:;\l:' gellcniorm'atvorlagen Emfegen Losihen For-mat 7 B urf;r;:;::' iﬁ:?vearhg:d'
Iwischenablage Schriftart ] Ausrichtung Ta Zah! ) Farmatvoriagen Zellen Bearbeiten
| AMI3 - £ 2 v
AD AE AF AG AH Al Al AK AL AN AN AD AR AQ AR AS AT Al AV AW AX AY
1] Hit determination
2
3 threshnid-Sd
4 -0,0987 0,024499 -0,12362 -0,02532 -0,21585 0,10931 -0,08034
5 | 0,16283 0,102322 0,176154 0,255625 0,336017 0,205366 0,274998
6 | 0,226959 0,229143 0,228688 0485932 0,456186 0,520041 0469658
7 | -0,42436 -0,18014 -0,47593 -0,53657 -0,88788 -0,30142 -0, 53033
8
9 -NPA-idmg ‘MPA+drug TRC-drug_ TPC- drug_TPC+drugTPC+dru_ NFA-ldmg NFA-ldmg TRC- drug_TPC drug_TPC-idrug TPC+dru_
10| -0,09071 NA -0,12857 -0,36465 -0,35375 0,091648 0,011059
11| -0,01362 NA -0,00037 0,219017 -0,03628 0,171273 0,132433 == - - -
12| -0,1485 0,01919 -0,25296 0,101073 -0,34796 0,160446 -0,03271 = =
13| -0,44311 -0,04835 -0,37193 -0,2403 -0,44811 0015021 -0,19546 = =
14| -0,00534 -0,06063 0,014616 -0,6265 -0,66333 -0,44307 -0,28726( - e
15| -0,4 0,032556 -0,25895 0,035948 -0,35746 -0,013%6 -0,22583 = =
16| -0,10836 -0,02191 -0,01989 -0,12738 -0,23267 -0,24031 -0,2411 = =
17| -0,28993 -0,14374 -0,39947 -0,17613 -0,48286 -0,12351 -0,26116 = ==
18| -0,37736 -0,14953 -0,32317 -0,2223 -0,40611 0,147191 -0,05633 - - - -
19| -0,02255 -0,04856 -0,07635 0,140991 0,018134 0,157243 0,220214 == = = =
20| -0,26648 -0,10606 -0,19592 -0,33953 -0,26887 -0,27206 -0,30608 =+ = =+ =
21| -0,17008 -0,10863 -0,07341 0,03048 -0,73271 -0,0152 -0,32636 = == = ==
22| -0,3355 -0,16138 -0,3762 -0,46071 -0,43473 -0,30057 -0,27584 = m = =
23| -0,08208 0,001969 -0,01669 0,099678 -0,42711 O0,14456 -0,00031 == = = =
24| -0,06341 -0,06313 -0,08508 -0,14102 -0,17974 -0,06351 -0,039536 =+ = =+ =
25| -0,09775 0,026883 -0,1346 -0,21133 -0,21814 -0,03478 -0,19543 - oz
26 | -0,84552 -0,03242 -0,539 -0,49459 -0,38845 -0,25242 -0,24756)8 o o
27| 0,057469 0,036777 -0,03315 -0,01886 -0,03731 -0,0685 0,001807 = =
28| -0,22962 0,035306 -0,1846 -0,07076 -0,47476 -0,06777 -0,44001 o+ =
28 | -0,11479 -0,02401 -0,28245 0,255064 0,1344 0,017521 0,101295 - oz
30| -0,12642 0,079621 0,0627 -0,14678 -0,47913 008075 -0,1364 o o
31| -0,42313 -0,09766 -0,31933 -0,08438 -0,67137 -0,06323 -0,27281 -- --
32| -0,04422 0,064042 -0,01261 0,009063 -0,00587 0,147126  0,00625 o+ =
RN normalised_b_scores normalised_loess_log normalised_rc_score £

Bergit

[EEEFT e

Can be generated automatically with R. _‘/‘W
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Criteria: Sensitization hits

 Two screens, each with and without drug.

 Difference of '+drug’ and ’-drug’ of each screen:
diffl =’S1 +drug’ —’'S1_-drug’ (resp. for diff2)

» Plate- bc?sed norm Iliatlop of the sensitisation score by dividing
the median score o ate

» Screen-based (across-plates) normalisation using Quantile
normalisation (li ?

» Sensitisation score = mean(diff1, diff2)

» P-values for the rob bility that the sensitisation score lies within
the 'normal- tk theyscore glstr utlon {outllerss

 O-values u5| FDR f Ise discovery rate) method for multiple
%stﬁlg correc on qvg y rate) P
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Plate series plots to illustrate steps...

raw data 1 raw data 2
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To the sensitization score

quantile-normalised 1 quantile-normalised 2

@ Sample @ Eaﬂmp\e
buffer uffer
Scrambled_Qiagen Scrambled_Qiagen
< | GFP <« | GFP
g§ S
3
5
I o jag
§ S 2
T
3
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SirNA growth inhibition difference
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Integration of data from other sources

Two cell lines: GE+siRNA

10

Expression ratio to parental

Increased gene expression
and greater siRNA growth
inhibition

Ralative

B-score

expression

One cell line; GE+siRNA+aCGH

| — ‘

”‘ | i

Gene amplification, siRNA
growth inhibition and gene
expression increase

VIr

by Henrik Edgren O
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High Throughput Screening Database:
Multiple Assays of the same Model System

. llll

et “ /

| [ |
o
Plate 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)

«=limproved repeatablllty

Supporting Data:
- gene expression
- aCGH

- miRNA expression

- use ratlos for normallzatlon
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