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PCR

- run certain number of cycles (e.g. 30)
- analyse amplified product e.g.on agarose gel

Problem: some gene is already amplified, some other gene not vsibile yet
Solution: take aliquots after certain number of cycles (e.g. 10,15,20,25) and analyze

RT-PCR

Continuously monitor amount of synthesized dsDNA
- find when ,exactly“a certain ,amount® of dsDNA is synthesized for each sample

- monitor dynamics
- direct access to quantitative data
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Online detection - fluorescence measurment

Sybr green:
- doesn't fluoresce by itsself
- intercalates into dsDNA => now it emits

Advantage:

- simple

- cheap

Problem: e
- stain any kind of dsDNA Bl

- length dependant — 2xPCR product length mimiques 2x higher expression
- sequence dependant ??
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Online detection - fluorescence measurement

TagMan

- 3" reporter primer with Fluorophor and Quencher
In close proximity, binds in between PCR primers

- reporter primer doesn't fluororesce —
guencher internally ,digests” light absorbed by
fluorophor

- during second strand sysnthesis, polymerase will
digest reporter primer sitting in its way

- quencher gets divided from fluorophor

- fluorophor can emit flurescent light

Advantage:

a Denature \\.r; Reparter flucrescence quenchad
—\‘\ .’Jf’ -‘"\.‘
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Primer Probe

Anneal \t; Reporter fluorescence guenched
{/—\\ "_r' S,
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Reporter fluorescence detected

Koch, Nature Reviews Drug Discovery (2004)

- signal direct correponding to synthesized copy number
- higher specificity: 3 primer have to bind in the correct order

- optimized probe sets for nearly all known genes

Problem:
- expensive
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How to find TagMan probesets:

Search our local database: http://.............../cgi-bin/ps_db.cgi
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/= TagMan Probe Set - Windows Internet Explorer
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Search ABI site and order new probesets:

http://bioinfo.appliedbiosystems.com/genome-database/gene-expression.htmi

{2 TaqMan Gene Expression Assay Search - Windows Internet Explorer =101 x| /2 gapdh TagMan Gene Expression Assays - Windows Internet Explorer 10l x|

@1‘—:' I@. QENE-E: ""355i':""-"'t""'| “f| X I}} &bi 7300kt Rl @‘C—;' |& http:,l',l'bioinfo.appliedbiosystems.com,l'genome-database,l’s-j 4| % I,:f ahi 7900kt R~

J Datei  Bearbeiten  Ansicht  Eavoriten  Extras ¢ J Datei

Bearbeiten  Ansicht  Faworiten  Extras 7
JX & Konvertieren + [ Auswahlen
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Search == select best Match, order
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RT-PCR intstruments

Light-Cycler - Roche

- rotor design
- fast heating / cooling with fan
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RT-PCR intstruments

ABI 7900HT

- standard MTP design (96/384-well) ool
- heating with thermostated metal plate

- extend with auto loader for high throughput
operation
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Evaluation - CT value

- measure fluorescence 120 - —+— Negative

Control

m bl —#— Echo RNA

- define background level and noise at first few
cylces => define threshold

Relative
Fluorescence
|

- as soon as flourescence larger threshold => CT

(Cycle at which Threshold crossed) 0 %
'm I I
- CT gives the number of PCR cycles required to 10 20 30 40
generate the same amount of PCR product Cycles
Important:

- as higher the CT
- as more cycles required to synthesize a given
Amount of DNA
- as less starting DNA
- CT is ~log2:
10 cycles difference
=> 210 => ~1000 times less starting material

Fluorescence

'G-S T j“‘ T T T T T T T T T T T T T T 1
0 2 22 24 2628 30 32 34 36 38 40 42 44 46 48 50

Cycle number
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CT-values
As more cycles as higher the probaility you are amplifying also artifacts
- contaminating RNAs / DNAs

- unspecific hybridisations
- primer / primer bindings

cDNAs with CT>36 are probably meaningless
Don't use them for quantification, only information ,very low signal*)
CT of 36 means you need to generate 236 ~ 60 000 000 000 copies of your

original whatever !!

MIRNAs with CT>33 are probably meaningless
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Compute CT-values

ABI SDS software for a single plate

ABI RQ-Manager for multiple plates (up to 10)

- export Amplification data as text files
- convert with SUMO into expression matrix, which you can evaluate with SUMO or
any other software.

k% SDS RO Manager - Endo-2.sdm

File

Analysis

Tools

Help

s | B | S

= B = Table Orisntation: [Detector Centric

= Calibrator: |A43531_P20_2

j Data: |Fm was. Cycle j

Amplification Plot | Gene Expression |

Find: «| =l Table Settings:
Rh ws. Cycle
# Status Detector | Color | Thresh..
1[ 2] [185-H=09993901 ... 041661 =
2 ABL1-Hs0024544 ... 0.35268
3 ABL2-Hs0024544 036737
4| ==l [mBL3-HsOOZ4544.. 0.33341 o000
5 ACTE-HS9999990_ 023154
6| [==] |B2h-HzD0000907 .. 0.55895
7 CASCI-HsO0Z012... 05614
B COKN1 &-Hs0035 029358
8| == [coMMIB-HsDO1S3... 0.424659
10 EIF 261 -Hs004267 051083
11| [==] [ELF1-Hs0015284... 0.20037 7000
12 GADD4SAHsO01 ... 0.53726
13 GAPDH-H=99999 041643
14| [==] |GUSB -He9goEan.. 0.56539
15 HMES-Hs0060929... 0.44323
18] == |HPRT1-H=993994 .. 0.33505 T
<1 L 5.000
Find: Table Settinogs:
# Status | Sam Detec Task | Awvg CH| A &
1 T [a431..[185H.. [Enda.. [B197 -
2 17 (%431 __[185-H._ [Endo_ [11.437
3| 0 |43, [185-H.. [Enda.. [11.991 3000
4 17 [a431__[185-H. [Enda._ [10.008
5| [ |as49.. [185H.. [Endo.. [5.585
6 17 |as4s..[185-H.. [Enda.. [11.198
7| 17 [a548__ [185-H._ [Endo_ [11.031
8 TJ |as49..[185-H.. [Endo.. [9.288
s @ [BxPc_ |[185-H. [Enda. [10023 1.000
10] 7 |BxPC..[185-H.. [Endo... [10.855
11| 10 |BxPc..[185-H... [Endo... [10.995
12| 11 |BxPC__[185-H_ |[Endo. [10.804
13) 13 |sa31.[aBL1-. [Target [23.334
14| 17 |as54a [aBL1- [Target 23858
18] [0 |BxPC..|ABLI-... [Target [23.782 000
16 BxPC... [ABL1-... [Target [23.401
17 11 |&431.|aBL2-_ [Target [24.870
18] 13 |sa31..]aBL2-. [Target [23.867
19] I |as54a |aBL2-  [Target 22054
20 TJ |BxPC..|ABL2-.. [Target [23.530
21| TH |sa31..]aBL3-.. [Target [23.353 i 5 it 15 20 25 an a5 a0
A Cycle
i Audit Status: Off
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Import ct-values => Expression matrix

Import raw CT-values from RQ-manager exported ,amplification data“

SUMO
File
Import
ABI rt-Amplification data

Adjust data View Analyse Utilities Scripts Preferences Documentation  Help
Import » AEBI tPCR RQ-Manager amplification data
Open data ABI tPCR RQ-Manager amplification data - Grubbs outlier remowval
. ABI rtPCR SD5 data
Open analysis
- Venn Classification
Save analysis

Paste matrix from clipboard
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Import ct-values

From the file dialog select one (or multiple) exported amplification data files.

A preview shows a part of the first selectd data file:

-
0 1 2 3 4 5 E 7 8 E 10 -
1 RO Manager f :

2 StudyMarne | miRMA-all-tra

3 Operator

4

5 el FlatelD Sample Detector Tazk Ct delta Fin delta Ct CtAvg CtsD
B 1 pm23-2d4h  miR-29a Target 18734985 36753058 18.734985

7 2 am23-72h  miR-23a Target 21.930326  4.4829555 21.930326

g 4 preg-24h  mif-29a Target 22344091 47119985 22344091

9 5 aneg-72h  miR-29a Target 22061771 45215173 220617

10 g CTL-24h miR-29a Target 22092705 47090883 22092705

11 7 CTL-72h mif-29a Target Z1.B67847 4961025 21.667847

12 13 pr-100-24h | mir-100 Target 18971476 47722135 18.971476

13 14 am100-72h | mir-100 Target 28316633 39445922 2B8.31BE33

14 16 preg-24h | mir-100 Target 25388992 4522177 25.388992

15 17 aneg-72h | mir-100 Target 25204533 4310974 25204533 -

Colurnn Fene-dnno. colData columns

B o o

Cancel | Help | Reset | Double-click column containing data which shall be use

Verify:

- The selected data file(s) have the correct structure
- The CT column is grayed

Click OK-button to import the data into SUMO
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Im port Ct-Val ues fsumo-Impqn RT-PCR data &Jq

Average replicas with

" Arithmetic mean (* Median

[ Remove outliers (Grubbs test at p>=0.05)
[v Replace non numeric values with |40

A parameter dialog opens up:

[v Replace empty matrix cells with

Cancel | oK |

Average replicas: SUMO detects replicates (i.e. IDENTICAL
Gene AND sample name).

Define how to average replicas:

- Arithmetic mean

- Median mean (less sensitive to outliers, recommended)

Remove outliers:

Try to detect obvious outliers, applying the standard statistical Grubbs test.
Only use ful for larger replica numbers ( >=5)

Replace non numeric values:

RQ-manager exports ,not detected” for each PCR where threshold value was never crossed.
But with ,,not detected” you can't calculate nor generate graphs — it is not a number.

For most subsequent tasks, SUMO will ignore ,,non numerical values*.

Another solution could be to set the ,not detected” to the maximum number of PCR cycles
(as defined on the cycler, in our case most often 40).

Christian Schwager, 2013, Christian.Schwager@Med.Uni-Heidelberg.de



sumo - Import RT-PCR data |
I m p O rt C t -V al u eS Average replicas with

" Arithmetic mean * Median

[ Remove outliers (Grubbs test at p==0.05)
|v Replace non numeric values with |40
lv Replace empty matrix cells with 40

A parameter dialog open up:

Cancel | oK

Replace empty matrix cells:

In case you have mixed samples with different probesets (e.g.samples S1..S4 with probesets
P1..P3, and samples S5..S8 with probesets P4..P6).

The way SUMO will build the expression matrix, it will leave the complementary matrix cells
Empty.

S1 S2 S3 S4 S5 S6 S7 S8
P1 21 22 21 22 NAN NAN NAN NAN
P2 22 23 22 23 NAN NAN NAN NAN
P3 30 31 32 31 NAN NAN NAN NAN
P4 NAN NAN NAN NAN 24 25 24 25
PS5 NAN NAN NAN NAN 28 29 28 29
P6 NAN NAN NAN NAN 27 26 25 26

It may be useful to replace such values with a fixed value (e.g. 40).
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Import ct-values

SUMO analyzes the data files and builds an ,,Expression matrix*;

Find all measurements where RQ-manager didn‘t export a number
(all samples where threshold never reached or crossed the threshold value)

Optionally replace the non-numeric values by e.g. 40, the theortically highest ct value
in an RT-PCR run with 40 cycles)

Seach all unique sample names:
~>amplel”is the same as ,samplel”
.samplel”is not ,sample-1“ nor ,sample_1"nnor ,sample 1*

Search all unique gene names
Build a matrix with all uniqgue samples in columns x all unigue genes in rows

Sort all ct-values into the corresponding cells (unique sample / gene)
Sort all rn-values into the corresponding cells (unique sample / gene)

Average all ct values/rn-values in each cell (e.g. technical replicas with always the same name)

Compute average and sdev from ct / rn values accross all samples for each gene

and add 4 columns to the matrix

- average ct may be used lateron to filter overall lowly expressed genes

- average rn may be used lateron to identify genes with overall low fluorescent signal
which sometimes may generate erraneous ct-values
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Preview the generated matrix (optional):

Oplen the experiment tree and click Data table node

42 SUMO - DAData\tPCR\RPTEC plus purp_CDKNZa-3 forms.sdm-Amplification Data.tet ; 27 x 3 [P=NEERSC)
File | Adjustdata View Analyse Utilities 5Scripts Preferences Documentation Help
Groups ‘ t-Test Umi‘;‘:::i’;:’" ANOVA 7 SAM ” ‘
/ Survival KMC | MLOM Ggu”i::f* % Venn | Classification
\|s A=
I%KD;\DWZE—S forms.sdm-Amp StatisticsdatalLDg |
o Sxarcely ~D:\Data\tPCRIRPTEC plus purp_CDKN2a-3 forms.sdm-Ampiification Data.txt
Geneusts File View | T - Updatel
1 |2 |3 |4 |5 |B |? |3 |9 |1u |11 |12 |13
1 Mean-Rn  SDev-Rn  MeanCT  SDev-CT  ADKa ADK-b ADK-c Ci1orfd3-a Cl1orf43-b C1lorfd3c NRF1-a  NRF1-b
2 COKN2a-ARF2.707 0.230 31.000 0719 30.709 30.768 30.791 30.546 30.234 30516 30.706 30.985
3 COKN2a-INK: 4 656 0.139 27827 0583 27.168 27336 27.079 28028 28.350 28198 27627 27,902
4 COKN2a-p16 5.389 0182 25 663 0413 25153 25524 25058 26.007 26.326 26.019 25508 25905
5 Gapdh-Hs  4.826 0.228 20.991 0.585 21.352 21.359 21.408 20627 20.903 21.057 19.896 20318
6 RPLP-D 4804 0.168 22777 0.694 22,824 22976 22806 22142 21.951 22209 22252 22337
< [ b
1 m 3

forms.sdm-Amplification Data.twt : 27 x S
| File | Adjustdata View Analyse Utilities Scripts Preferences Documentation Help

Import 4

SAN
Open data
Open analysis

- Wenn
Save analysis

Paste matrix from clipboard

Export the just generated matrix:
SUMO
File

. CDKNZa-3 forms.:
Save matrix * |pdate |
Add data

Save matrix —

Close 1-Rn  SDev-Rn
Exit 0.230
0.139
U\User\Elena\qPCR\raw files\GESAMT\1-36abc merged matrix.txt;3,2
0182
Ut\User\SeideM130225_microarray\combined\photon_norm.td;34,2
UM\User\Elena\qPCR\qPCR analysis.csa 1D
1 lear\ Flenat aRCRLAPCR allR 2 0188
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Edit the header — Sample annotations (optional):

It may be useful to have additional header rows containing treatment details:
- Cell type (fibroblasts, endothelial, a549, ...)

Phenotype (healthy, primary cancer, recurrent, metastasis, ...)

Kind of treatment (drugl, drug2, ....)

Dose ( 10mg, 20mg, ...)

Thi.s“may help lateron to (auto-) group the samples for statistic tests / graphs

e ———————S
ﬂ SUMO - D:\Data\rtPCR\RPTEC plus purp_CDKNZ2a-3 forrns.sdm—AmEIiﬁc

S U M O File Adjustdata View Analyse Utilities Scripts Preferences Do
Experiment tree wom | [ s |
Data table Survival KKC \.4 PCA ‘}l‘ COLOM a

C O n teXt m e n u EI D::\Data\rtPCR\RP’I'EC plus purp_CDKNZa-3 fnrms.sdrn—An'-l; I‘t'?.tiltistics data l
1 s D:\Data\tPCRIR
Edlt header . Gene I Edit header Fie | wi

Edit table 1

A basic table editor opens-up:

:ﬁ] Table editor: Header - D:\Data\rtPCRARPTEC plus _COKMNZa-3 forms.sdm-Amplification Data.txt IE Sl g

File Data Help
| Fe e |z b 3 AT -

1 |2 |3 |4 |5 |5 |? |a ‘9 ‘m |11 |12 |13 |14
1 Indes tean-Fin SDev-An  |Mean-CT SDev-CT  ADK-a ADE-b ADE-c Corfd3d-a C1lofd43-b Cllorfd3-c MRF1-a MRF1-b MEF1-c
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Edit the header — Sample annotations (optional):

Select a line by Insert / delete  Copy / Paste
clicking the row header: rows rows
ﬂ.Table editor: Head®er - D:\Data'rt us m-Amplification Data, [0

| File Data 2}

(R |3 [ €] A

View / Edit data | Info |
1 5 = 7 5 5 7 3 3 10 11 12

hlndex Meanfin _ SDevFn  MeanCl  SDevll  ADR-a ADK-b ADK-c Cllondaa Cllofd3b Cllofdsc NRFI-

4|:| b
A

Edit the contents of any header cell, any way you like.

When done update the data matrix into SUMO: | Table sditor Header - BiBata\ teCRRPTEC

|| File | Data Help

Oper 16 0| 4|
Save as I
Update

B 2 3
Print

- e
Exit MeanBn  SDev-Fn

|4 [
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Edit the data (optional):

- Change any
data annotation / matrix cell

- Rearrange data colums to sort samples in any convenient order:

2. SUMO - DAData\rtPCR\test-multi-analyze all.sdm-Amplification Datatxt: 12 x E

File Adjust data View Analyse Utilities Scripts Preferences Documentation Help
Groups tTest Uiy anova PTH SAM ‘
* o Gene-Net
Survival KKMC \4 PCA E COLOM Builder % Wenn Classification
ot
=) DDataPCRtest-muti-c  Statstics dafa | Log |
; ;; faﬁ“‘ DADatal\HPCRitest- mult-analyze all sdm-Ampification Data. ot
‘.. Gene lists File | View ‘ T, = Update |
1 |2 ‘3 |4 |5 |6 |7 |3 |9 |1u |ﬁ |1
1 Index Mean-Rn  SDev-Rn  Mean-CT  SDev-CT 7902 7902.D 7904 7904 D 7908 79080 7
T———|CD31-Pecam 4929 0.148 26.250 0.336 26048 26501 26018 25670 26811 265% 2
3 GapdnMm 5065 17.942 0.246 17971 new valug| |17.939 17 660 18219 18264 1
4 MKIET 5176 0.085 1 21855 21699 21568 22499 21928 |2
5 VEGFA 5561 0.115 26173 0.452 26303 25841 26292 25952 26940 26521 2

Click into a column header cell, and drag the se6ected column wherever you like it

File Adjust data VWiew Apalyse Utilities 5cripts  Preferences  Documentation  Help

E| D_:\Data\rtPCR\test—mum—z Statistics data l Log ]
4% 12 cells

D:\Data\rtPCRitest-muti-analyze all sdm-Amplification Data

\ﬂm\ -Test U-MMann-Whitney- ANOVA T SAM
Wilcoxon-test
Survival KKC = % Wenn
Builder

Classification

;- Data table
. Gene lists File View | T = ate
1 /"f |3 ‘4 | 5 |B \_199 ‘7 |3 |9 |11 ‘ 1
1 Index Mean-Rn  SDev-Rn  MeanCT  SDev-CT 7802 7908 702D 7904 7904 D 79080 7
2 CD31-Pecam 4.929 0.148 26.250 0.336 26044 28811 26501 26.018 25670 26536 2
3 Gapdh-Mm  5.085 0.100 17.942 0.245 17.971 18219 new value |17.939 17,860 18284 1
4 MKIBT 5176 0.085 21885 0.240 21 941 22 499 21855 21699 21568 21928 2
5 VEGFA  5.561 0.115 26.173 0.452 26.303 26,840 25.841 26.292 25952 26521 2
< [ b
« [ 3

- Click Update button to save modifications to SUMO data matrix.
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Analyze / view your data
One picture is better then 1250 numbers — View the data as heatmap
- Black = low ct-value => higz abundance
SUMO - Bright red = high ct-value => low abundance
View
Heatmap

E: CS-Clust - %'\ Mro-pc06' Applied Biosystems'5D% Documents', Projects’ TotalRNA_ bre - |I:I|i|
—
£, SUMO - DAData\tPCR\RPTEC plus purp_CDKNZ2a-3 forms.sdm-Amplific Fil= Edit Filker Cluster Tools Yiew ‘Window  Utlities Preferences Help
File Adjust data HA:aIyse Utilities  Scripts  Preferences Do "'&I?' | & [0 | \EW rf t IEI
eatmap
e B plot ova ' Hlin] €kl o8 Bl = Zlkls 7 #1214

Cluzter | Ihfo I

Histogram
sunvival L fpotou | & oo x|
L Correlation maps 3
- D\DatalrtPCRIRF| istice data ] <=0 »=40.00

5x 27 cells Sample annotations Data\rtPCRR

. Gene lists New SUMO Strg+N

File vi gene name

1

1

Look at control genes

|dentify obvious outliers
(genes or samples)

|dentify interesting genes

THFREF2

| VASP -
i I I i =
A

| [row=4 | | |ceneln=coza |
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Endogenous controls

CT value is influenced by
- total number of grown cells
- efficiency of cell harvesting
- efficiency of RNA extraction
- RNA quality
what if RNA is degraded in such a way, that one of the PCR primer sites is affected in one of the genes ?
- RNA concentration measurement
- pipetting accuray
- RT-PCR instrument

Use controls to estimate all effects and compensate them by normalisation
=> Control genes

Best would be a reference which is included in your sample
=> Endogenous controls

- Genes which are always expressed at high level, whatever the cell is doing
- Genes sitting deeply inside vital metabolic pathways

What if the pathway of your endogenous control gene is affected by your treatment?
You would normalize your regulation effect out.

=> Multiple control genes, from different vital metabolic pathways
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View endogenous controls

Use multiple endogenous control genes from dlfferent pathways

o — — o
Gapdh - energy metabolism |u _— L S i St By e iz
Rpsxx / prixx - protein synthese pathway e *
Hprtl - salvage pathway (purines) -

Actb

UBC

HCEI
RN
Wk
FF
E Copy all names

Review the controls and - L
- DON'T use obvious outliers T o =
- Don‘t use controls which follow the treatment groups (regulated too) ot grprti
Eile Edit Format Help
a|

15:::::::ZZZZZZ.ZZZZZZZZZZZZZZ
0 N O

Use average (mean or median) from controls to normalize your samples
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dCT-values — Normalization by endogenous controls:
i Zj SUMO - D:\Data\rtPCR\test-multi-analyze all.sdm-Amplification Data.ixm

Select

SUMO
Adjust

Normalize conditons
Centering with / to common Mean /Median

A table opens up, showing all ,gene* annotation columns.

:ﬁ Select col

umn containing Gene—Annotaﬁons- 5

1 2 2 [ | |

Index MeanFn | 5DevRn  MeanCT  |SDewCT

CD31-Pecam 4.929 0143 26,250 0336

| &= w|m] =] o

WEGFA

Gapdh-tm 5065
MEKIE? 5.176
5561

0.100
0.085
0115

17.942
21.885
26172

0.246
0.240
0.452

Cancel | Help |

Lok ]

Double click the column, which contains ,gene names*

An input dialog opens up:

Transpose matrix
Annotation
Truncate

Data imputation
Replica averaging

Filter

Mormalise Conditions
Mormalise Genes

Data transformation
Single color data adjustment

Arithmetic operations

Linear regression

MNormalisation with Mean
MNormalisation with Median
Centering with Mean
Centering with Median

Normalise to common Mean
Mormalise to common Median
Centering to common Mean

Centering to common Median

*r ¥ ¥ v v v -

File | Adjust data | View Analyse Utilities Scripts Preferences Documentation Help

ey-
p st
&

T

ﬁ Control gene normalisation - define cuntmmélg

Define contarl names (e.q. "gapdh acth hprl™)

gapdh actl ubc

[8]:4 | Cancel |

|

Help |

ANOVA PTH SAM
Gene-Net
Builder e‘ e

Mormalisation to same total intensity (~mean norm
Mormalisation to same total rank (~median normali
Mean variance normalisation

z-transformation

Quantile normalisation
Rank centering (~median centering)

Control gene normalisation

s LA L B . 5 e B | e i a1

Define the names of control genes you want to use (partial but unique significant names)
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Normalization — Centering ?7?

Your CT-values are ~log-2
(doubling of DNA per PCR-cycle)

Thus, normalization has to be done by SUBTRACTING (=centering) the

respective reference value
(With linear intensities you would divide.)
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dCT-values — Normalization with endogenous controls:

SUM - Dotchart

For each individual sample,
- compute average ct from the respective control(s)
- Subtract this average from the genes to analyze

)

- =>dCT

Now the, the dCT show relative CT-changes against
the sample‘s control(s).

T e —

Information about averall ct level is lost.

Signal (AL

Look at the example:

T
of

After centering with endo-controls,
most interesting gene seems to be CTCFL:
Largest ct-difference between groups !!
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Instead of centering with, you could also center to the endo controls.

- Compute a grand average from all endo controls in all samples
- Shift all CT-values up/down in each sample for all tested genes in such a way,

that the average of endo-controls in this sample will get the grand average
(i.e. virtually dilute/concentrate your starting material to same amount, defined by controls)  sumo - potchant

- sample individual effects are removed
- overall information about expression is kept

40 —

After centering to control, it is abvious: CTCFL is T [E],,
useless: & _ | T
- signal levels above 36 !! * 1
- In two treatment groups even around 40 ] g &
' &
Most interesting: PARP4 @

25 Ln,l

ITT ITT ITT ITT
GEGroup-3 GEGroup-3 GEGroup-3 GEGroup-3
CTCFL CRCL IL11 PARP4
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Or dot charts?

Signal (AL

By the way: Do you prefer bar charts?

SUMO - Dotchart

40— *
] ' <
1 H ™
| : i
1 °® o
J n
_E_ a
s .
by
o Q
I
o .
30 4 — i i
¢ ; 4
' [ Q
8 L] 1
—— ; +
1 T—-IE-— - o
T i
: i T
25
T 1 T 1 T 1 T 1
y =3 B, e B, B, ;o
S A S P
e el el ol

SUMO - Dotchart

45
40—2
35 ——"
30—5

25

20

A R

Grouzrouzroup-3 GrouGrouGroup-3 GrousrouGroup-3 GrouGrouGroup-3

CTCFL

CHCL

See SUMO Help pages for more details how to customize dot chart
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ddCT - Specific regulation of genes in your samples

- Compute regulation against control / reference samples
(a single or better the mean/median of a set of ref. samples)
- subtract reference-mean from your samples

SUMO main menu
Adjust data
Normalise genes
Hybridisation normalisation/centerirg
Mean/Median centering

Assign the Reference/Control samples to group 2:
- Select all Controls in Condition list

- Double click Group-2 in Groups list

Assign the ,treated” samples to group

- Select all Treatments in Condition list

- Double click Group-1 in Groups list

Click OK-button

You may perform this for different sample groups independently
(e.g. Normalize all treated fibroblasts fo control fibroblasts,
All endothelial cells to endothelial controls,...)

Don‘t forget to save new matrix.

See SUMO Help pages for more details how to use the grouping tools

;"E_Eentre genes: By hybridisations

s

Groups | Infa |

=10/

Assign conditions to group

ancition: T+
cont-3663-a Group-1 (25)
caont-3688-a Group-2 (3)
capl<itigs-a

RL 1545_2G% _C12_1-a
CRL 1545 _206Y_C12_2-a
CRL 1545 _contr_C12_1
CRL 1545 _cortr 2T12_2-a
CRL 1545 Z2HA 25y _C12 1-a
CELATSAS _SAHA 2GY C12 25
CRL 1545 _SAHA C12 1-a
CRL 1545 _SAHA C12 2.3
HET 85_0.5GY _C12_1-a
HBT 85_0.5GY _C12_2-a
HBT &5_contr_C12_1-3
HBT 85_contr_C12_2-a
HET 85_SAHL_0.5GY_C12_1-a
HET 55_SAHL_05GY_C12_2-3
HBT 85_SAHL_C12_1-a
HET 85_SAHLA_C12_2-5
HIT-3614-a
HIT-3631 -a
HIT-3633-a
SAHA-R0Z-a
SAHA-36059-5
SAHA-3640-a
SAHA-HIT-3663-5
SAHA-HIT-3672-3
SAHA HIT-3674-5

Inwert gngrnupedl Find F Self ¢

Conditions -= Group |

Lahel conditions by

Releaze all groups |

—Save §Load group

Load grouping | I vI

Save grouping |

—FRecent grouging

[

\/ Ok I x Cancell

? ue|p| Ahout |

2 |

4
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ddCT to Log-2 regulation

Still, our data are CT-values.

ddCT > 0: more ct-cycles are required to synthesie the same amout of DANN in your
sample compared to the control sample
=> Sample is down-regulated compared to control.

ddCT < 0: less ct-cycles are required to synthesie the same amout in your sample
compared to the control sample
=> Sample is up-regulated compared to control.

To fix this, invert the sign: -(ddCT-values) => ~ log2 regulation

_‘;ﬂ SUMO - D:\Data\rtPCR\test-multi-analyze all.sdm-Amplification Datatxt: 12 x ’

SU M O mai n men u File | Adjust data | View Analyse Utilities Scripts  Preferences  Documentation
Transpose matrix
; P 1oy ANOVA PTH
AdJ u St d ata Annotation » st ’
. . . — Truncate 4
Arlth metlc Operatlons Data imputation 4 ---, COLOM GgﬂiE:rEt
1 . Replica averaging »
Invert sign ERs ,
i . analyze all. sdm-Amplification Data. bt
G- Normalise Conditions 3 Fﬂl v Update
. MNormalise Genes »
Assign all samples to Groupl and press RUN button. o O R €
X : Mean-Rn SDev-Rn Mean-CT
Single color data adjustment
rm A 0 n442 e 250
Arithmetic operations » Change sign om

Add constant
‘ Backup data » | i 285

5 WEGFA 5.561 0115 26173

Christian Schwager, 2013, Christian.Schwager@Med.Uni-Heidelberg.de




Log-2 regulation => relative regulation

SUMO main menu
Adjust data
Data transformation
Exp2

oy SUMO - DA\Data\rtPCR\test-multi-

File | Adjust data | View Analyse Utilities Scripts  Preferences  Documentation

Transpose matrix
Annotation

Truncate

Data imputation
Replica averaging
Filter

Mormalise Conditions
Mormalise Genes

Data transformation
Single color data adjustment
Arithmetic operations

Backup data

ANOWVA PTM

Gene-Net
Builder

analyze al.sdm-Amplification Data.td—

Thl - Updatel

Log2

Logllto Logd
Exp2

Ratio to "intensity”

-

2176 0.085 21.885

VEGFA

5.961 0.115 26173
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What to do now ?

Use SUMO to

- Run statistic test

- generate graphs for your test groups

- save transformed data as tab delimited text (File | Save matrix)

How to get SUMO — - Download

What else can | do with SUMO — Look in SUMO web pages.
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http://www.oncoexpress.de/software/sumo

Statistical tests

Question: Which genes are statistically significant differentially expressed
between Samples from Treatmentl < Treatment2 < Treatment3 & ...

SUMO offers to perform a variaty of standard class tests to find
statistically significant regulated genes between your treatment groups:

- Gaussian distrubtion based parametric tests
- Gaussian distrubtion based permutaion tests
- Non-parametric Rank tests

- Single class
- Two class — unpaired

- Paired samples
- Multiclass

See SUMO Help pages for more details about hypthesis testing / class tests
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View grouped data

Set up a ,fake” statitical test to arrange samples in groups.

This simplifies to create graphs (heatmaps / dot-,bar, bow-whisker charts
- 2-class tests — for two groups - ANOVA — for 3 or more groups

42 SUMO - DA\Data\rtPCR\tept-multi-analyze all.sdm-Amplification Dfta.tt : 12 x oLl e S|
File Adjust data View Mnalyse Utilities Scripts Preferences| Documentation Help
U-Mann-¥Whitney-
Groups ‘ t-Test Wilcoxon-test ANOWA PTH SAM H ‘
Y e
. g Gene-Net . .
Survival KKC PCA ﬂ COLOM Builder % “enn Classification
Ay

El IR R E R TS Statistics data | Log |
C 4xi2cels
i Data table
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View grouped data

The grouping tool opens up:

"]

Groups \F‘arameter] Info ]

[ ™

Set number of groups (ANOVA) ———— oo
Assign conditions to gruu;s
Select individual samples and e k.
Double click respective group— 702 p | et s
Repeat this for all relevant groups V
7908_D
Change groups names: s
Right click a group name, Tet1p
select Rename from context menu Tota.0

Reorder Groups:

Select a group,

Drag it to another position in the group list
Repeat this for all relevant groups

Inwert | Qngruupadl Find| Auto gruup|
Label conditions by

Conditions -» Group

M jJ Release all groups |
Save / Load groups
Load grouping | j Sawve grouping |

Recent groupings

7

See SUMO Help pages for more details about the

== Script | ’Eun | ¢ 0K | x E‘.ancel|

? ﬂelp| About |

grouping tool
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View group data

Go to Paramter page:

Select t/f distribution

| @
Groups Parameter |Infn I

—Comment

—p-"alue estimation

A+ f-Distribution:
i~ Permutations I1|J|J |j =

[~ Outlier removia (Grubbs,p=0.05

Seript Iﬂv Run | o OK I X Cancell ? Help | About |

Click RUN-button

to execute the ,fake“ test

H | Z)
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View group data

Open experiment in tree: 4 SUMO - DAData\tPCR\est mul snlyze llsd Ampliction Dot 12 A NN \oon =i

Eile Adjust data View Apalyse Utilities Scripts  Preferences Documentation Help
Groups t-Test ey Anova PTM SAM ‘
. * oy Gene-Net N
Survival KMC PCA pCDLDM . % Venn Classification
x Build
E D_:W.Data\rtF‘CH\test-muIti—anarz,rze all.edr Statistics data I Log ]
Lo 4xiZcels ANOVA
i i-Data table _
Gene lists I - DE‘.‘_Data'lrtPCR'ctest-muﬂi-analyze all.zdm-Amplification nm;;t#but'
. - [ T i=tribation
GOtO p'graph = }S‘EMDPVA 1t g' ; Distribution; Bonferroni corrected
[ rarameter "3l R S S a Distribution; adjusted Banferroni
- p-table z A Permutation
- p-Graph R R e e i £ TE TP R Permutation; Bonterroni corrected
- Gene lists E R Permutation; adjusted Bontferrori
- . H H- Gene sub-expression-matrices R o o RERE RRL EEL R R R R R
Adjust p-value with slider, . Gene profies 5
i . = 0
- Centroid profil =l
To set p-value threshold. S et £ 042345578940
. _ Do S _ p-value (log 107
Move slider complete left (p=1) eS|
significant genes X -
; ) PP # of genes p-Raw p-Bonf. p-adj.Bonf.
to see all genes ) Klew session vl [2 06001
/- Volcano plat : Distribution 1
- Class Prediction e Permutation _ _ _
1| mn | k

Click H
Heatmaps | Significant genes =
To view the heatmap of all selected genes
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Heatmap of grouped data

Use slider to adjust height, width of genes, color contrast. Autoscale all Snapshot

&l C5-Clust - ANDVA: ;

RIS TN S A &0 M

: ¥, Lt f |24 T ok [27.4 T}
Select sample annotation to be | U;ﬁnfﬁ : BleT=—" 7 T
Shown on top of heatmapg L — | «

Color bars indicating groups

Mean-CT [Gl-Mean |G2-Mean |G3-Mean |

CO31-Pecaml  26.250 26.059 26.455 26.235 “
Gapdh-tm 17.942 17.837 18.071 17.914
Gl 21.585 21.766 2z.nosg 21.881

x

Right click into colum header,

to select gene annotation to be VEGFA 26173 25097  2B560 25883 ﬂ:
: , 1

Shown in respective column v
[}

=
=
==

= x
o= Y

= =
oS =%
=

=
o=
==

:
i
5
i
|_Z

See SUMO Help pages for more details how to customize the heatmap
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View group data‘s profiles

r,ﬂ CS-Clust - ANOVA- : 4 _ X

File Edit Filter Cluster Tools View Window LUtilities Preferences Help

Select multiple genes (CTRE+Click) | gm0 e~ B8 SRS CRBL mE 2w Llrs s

Cluster l|nfg ]

| X|

»=27.42

Click right mouse button,
From context menu select
View | Selected genes profiles

Mean-CT [G1-Mean |GZ-Mean |G3-Mean |

26, .E. i| X

s I 2k
ul .47

Copy all names
od
Copy selected names 1
New matrix with selected U]
B4 Gene profile Invert selection A
FEile E.iﬁt Format  Help Sort » (L}
| HCEl
l C&m%&n selected genes View k N’E;
Profil | "
i Selected gefs profiles DB-Reference 3 MM
= ' ; [its ik e cn R R CD31 -Pecamt |26 250125 059[26.455(26 235 NRCEI
: ! [ Gapih-Mm[1 7 842}17 B37118.07117 319 Selected genes dot chart
PR 5 b Analyze 4
! HCEl
: ) i
22 _% Edit 4 rf)[':ﬁ
b k8| Add rank index to annotation | b
Wl JEI I | i [N I
N GenelD=Gapdh-Mm|[17.942[17.837]18
1a oot
124t
104---t
o
o
ot
) N N O
§ o9z Aagogozog o
- O S A R
P 2 & & B4 B4
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View group data‘s dot chart (bow whisker plot / bar chart)

r,ﬂ CS-Clust - ANOVA- ; 4 EE‘

File Edit Filter Cluster Tools View Window LUtilities Preferences Help

Select genes (CTRL+Click) e L LA v b A LA A

] x4 ] t .

Cluster l|nfg ]

| X|

»=27.42

Click right mouse button,
From context menu select
View | Selected genes dot cha

Mean-CT [G1-Mean |GZ-Mean |G3-Mean |

X
Copy all names od
R | 2
File _Ed\t 1Qt\lities Refresh  Preferences Help e T e e E;
ol ]
{Graph | Log | Invert selection
Scaling: Sort » ﬁ
SUMO - Dotchart r =
W Auto scale N'EE|
b Centroid from selected genes View k
Minimum |0 2 M.ﬂ]DFdN.B!Dn g HEEd
) 00 Selected genes profiles DB-Reference 3 M
Symbols: HCEl
RH
% @ & G"D“PIE—%‘ Pen color | Brush color SeRcted 240 dot chart Anah'fze » WEEI
25 PPL |2 ﬂ Symbol |Triangle | Edit 5 ALl
¥ Show symbols Symbolsize |3 - = ff)%l}ll
= Pen width |1 B 1 Add rank index to annotation | hd
g Symbol style [soid  ~ I | N N i
> Groupsize [3 3] Group distance 'ﬂ GenelD=Gapdh-Mm|17.942|17 83718
20 Legend|New name for Group-2
Group legend
. % " horizontal (" vertical (¢ 45°
Statistics:
i T i 1 T 1 | II:L ﬂrl|lnne (" Arith.Me(s Median (" Geo.Me:z
NN s ~ Lo Error
s;é?@ R \q«@(“‘}q & " none * SDev " SEM
0{:\9 &G@ o Q‘@@?b&@@ o ?:arnune " AritmMe(” Median { Geo.Mes I f d 'I h
S & e e See SUMO Help pages for more details how to
@3‘ @9 Graph dimension H h d h
= = )
o rmane W 0 customize the dot chart.
Height [400
= Refresh |
J <
767, 767:5
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How to get SUMO ?

=> http://www.oncoexpress.de/software/sumo

What else can | do with SUMO — Look in SUMO web
pages.

If | don't want to use SUMO — what else could | use ?

Any other program where you can work with data matrices.
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