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1. Introduction

Data Analysis Gene (DAG) Expression software is a simple and free application tool
developed in vb.net to simplify the management and analysis of high-throughput gene
expression data obtained by real time quantitative PCR (qPCR). The software allows
relative quantification using the standard curve method with data from different
detection systems (examples: BioMark™ HD System, ABI PRISM® 7700,
OpenArray® System). Also, data formatted by the user can be imported and analyzed
by the program. The normalization method is based on the principles and formulas
described by Vandesompele et al. (2002). Single or multiple genes can be used as a
normalizer.

Main Features

e Import multiple Fluidigm Real-time .csv results files, SDS 2.1 and above .txt

results files, OpenArray® Real-Time .csv results files and user-formatted results
files.

e Save project analysis and export results into a .txt file.

e Real-time chart representing standard curves and relative efficiencies between
genes, including PCR efficiency and coefficient of determination (R?).

e Automated analysis of gene expression stability and inter-run coefficient of
variation.

e Perform relative standard curve analysis on Ct data and sample normalization
with one or more selected controls to obtain normalized data.

e Graphic results visualization via bar-plots.

e Friendly-user and interactive graphical software.
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2. Requirements

e Windows XP /7
e NET Framework 4

3. Menu options

T

ile

New
This action closes the current file and clears data and creates a new project. A shortcut
icon is also available: [

Open
This action opens the previously saved file “Data Analysis Gene Expression (.dag)”. A
shortcut icon is also available: Hi

Save / Save As

This action saves data to .dag file. If the file is new and this is the first time you save it,
type a name for the file in the File Name box and then click Save (shortcut icon: |ﬂ). If
you want to save the opened file with another file name click the File menu and then
click Save As.

Export
Click the File menu — Export and then click “Text file extension”. This action exports
the results data to .txt file.

Import

Click the File menu — Import and then choose the file format to import the data
(Fluidigm csv file, SDS txt file, OpenArray csv file or generic file). This action imports
results files from the Fluidigm Real-Time PCR analysis software (.csv file), SDS 2.1
and above software (.txt file), OpenArray® Real-Time qPCR analysis software (.csv
file) or user-formatted (.csv or .txt files) to the current project.

Note: For User-formatted input data, a sample template (.csv or .txt) may be
downloaded by the user. It consists of a sample file that can be filled in by the user with
the information required by the software: assay name, sample name and Ct values
separated by semicolon. First of all, this file has to be saved in your computer and then
you can fill in the data (Fig. 1).
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Figure 1. Import generic files

Tools

Charts
This action allows the visualization of normalized data via NQ Plots (NQ Plot: ik or
NQ Plot by Group: -*).

Coefficient of variation
This action calculates the inter-run coefficient of variation.

Find control gene-stability
This action calculates the more stable selected controls for normalization
(Vandesompele et al. 2002).

Options
Decimal Separator: if your data uses the dot or decimal point as separator you
must select “English (.)” to import your data. On the other hand, if your data
uses a comma as decimal separator, you must select “Other languages (,)”.

Help
DAG Expression Manual
Example Results Data

A demo-experiment (example results data .dag) consisting of a microfluidic dynamic
array ™ IFC (48.48) containing 48 assays (4 reference genes) and 48 samples are
available in the Help menu to become familiar with the DAG Expression software.
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4. Getting Started

This chapter gives you both a brief overview on installing DAG Expression software
and how to analyze your qPCR data.

4.1. Installation

The program doesn’t need installation, it is zipped into a file and you can unzip with a
standard program to a folder or desktop. In more systems Framework .Net is installed,
but if the program gives an error message, you must download and install framework
.Net 4 or above (http://www.microsoft.com/en-us/download/details.aspx?1d=17851).

4.2. Import result files and setting parameters

4.2.1. Set Delimiter on Menu Options if you work with “.” or *,” as decimal separator.
Default value: “.”.

4.2.2. Create a new project. Import all necessary output files of different software
(Fluidigm csv or SDS txt files, etc) or user-formatted input data to perform the analysis.
DAG expression will organize all the data by assay.

4.2.3. Set the assay design (Fig. 2)

Assay Name: This is the name of the assay provided by the user. Normally, it
refers to the specific genes of study.

Assay Type: Click the assay name and assign the assay type (selected Control or
Target) to the imported assays.

File  Tools Help
mpea)=]
Assay Options
= Standard
Name Type - Unknewn Linear regression Refresh
—— Linear regression
GENED1 Target -|Z Efficiency between genes
GENED2 [ .
GENED3 -
sEnED: I 5
Target
GENEDS Selected Control |
GENEDE A

GENED7
GENED8
GENEDS
GENE10

Figure 2. Datagridview of assays
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4.2.4. Set the sample design (Fig. 3)

Sample name: This is the name of each sample previously defined by the user
and imported with the results files. Samples with the same name are considered
by the program as technical replicates.

Please note that before enter the sample type, it is necessary to click into the assay
name.

Sample type: Assign the sample type (Standard, Unknown and Non Template
Control-NTC) to the samples. This step is very important to construct the
relative standard curve, calculate the gene expression stability (geNorm M
value) and perform the subsequent analyses.

Note: The sample type is automatically updated from results data (.txt) imported
from SDS program.

Assay 0
20 ® Standard A5
Name Type o Unknown Linear regression Refresh
—— Linear regression

0 Target - 15 Efficiency betwesn genss

GENED3 Selected Cortrel |+
10
cEnEn T = o I
o
GENEDS Target -
GENEDT Target - P Dt 1847
GENEDS Selscted Cortrol |+ -
GENEDS ezl hd -2 8062 -1.8062 -0.8062
GENE10 Target - 2
P ._Eing - logiQuantity) R=0
Sample
Name a Mean Gt Type Guantty Mean  Quantty MeanQ o o Nomn. Q. SD Group Omt  Fie Name =
Quartty 5D 5 Cortrol

NTC Undeter. NTC - Example file
Pool 1:1024 20.786... |20.858... |Standard - [ |Eample file 1
Poal 1:1024 20897.. 20855, [Stendad |+ ] |Exampe fie ]
Poal 1:1024 20890.. 20858.. |Stendad |+ [ |Exampi fie
Poal 116 14012, |13.9%.. [ |Examp fie
Pool 116 13838 13939 |Unknown [ |Bxomps fie
Pool 116383 26678 | 26266 ] |Bxsmpl fie
Pool 116383 26539 | 26266 - ]| Bxsmpl fie
Pool 116383 25580 | 26266 - ] |Bxompl fie

Figure 3. Datagridview of samples

Sample quantity: this column indicates the relative quantities of Standards and
Target (Unknown) samples.

Standard quantity: Enter the quantity values of your Standard samples
(Fig. 4) to drawn the standard curve and extrapolate the quantity of
Unknown samples using the linear regression analysis. For relative
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standard curve quantification, it is important to know the relative
standard dilutions, although the units to express them are irrelevant
(example: if four-fold dilutions of a cDNA pool from 10 liver samples
are prepared, the units could be the dilution values 0.25, 0.0625,
0.015625, 0.00390625, and so on). Following the recommendations of
“The MIQE Guidelines”, the dynamic range should cover at least 3
orders of magnitude (Bustin et al. 2009). In this step it is important that
the standard curves of the assay and the selected reference controls (see
below) consist of the same number of n-fold serial dilutions. Please note
that in the demo-experiment the first dilution (1/2) has been omitted due
to PCR inhibition.

Note: The standard quantities are automatically updated from results data
(.txt) imported from SDS program

File Tools Help
omE
Aasay Options
» = Stancard i
— ) g Unkroun Unearrsgression. | Refresh
L — Linear regression
GENED! [Target - o —— Effciency between genes
- . T —
i D ™ [
GENE04 | Target - _ [ =a
s}
GENEDS Target -
7 = 5
GENED Target = -3 6484 1597456
GENEDS Sekected Cortrol___| =
= 0 PR, effciency=0.82
GENEDS Target 30203 25203 20203 -15203 -1.0203
GENET0 Torget - 2 0.957
b o i log(Quantity) Fe=0.8571
Sample
Name a Mean Gt Type Guaniity g‘z:r”m g;anmv g"ecau”mom‘ Nomn. Q. Nom. G. SD ) Omt  Fle Name
NTC Undeter NTC - Exampis fie
Pocl 111024 2078.. 20858 |Standerd |~ |0.0008 R
Pool 11024 20897 20858 [Standd |~ |0.0008 [ Exmpsfie
Pool 1:102¢ 20890.. |20856... |Standerd | = | 0.000. [ |Bamplefie
Pool 116 13505.. |13539.. |Stendaw || 00625 [ Eampefie
Pool 116 16012, 13539, [Stendaw |+ |00625 [ | Empefie
Pal 116 13899 12909, [Stendsrd || 00625 [l Eanpsfie
Pocl 1116388 26678.. |26266.. | - [l  Enpisfie
Pocl 1116388 26539.. |26266.. | - RS
Pool 116368 25582, (26266 | - [ Exmpisfie

Figure 4. Main window with the quantity column

Note: Assay Name and Sample data columns can be sorted in ascending or descending
order by clicking the column heading.

4.2.5. Identify and select the most stable expressed reference genes to perform the
analysis. In the Tools, select the “Find control gen-stability” option (Fig. 5). The lowest
M value indicates genes with the most stable expression (Vandesompele et al., 2002).
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Once the reference genes are selected, the program calculates the arithmetic mean of the
mean quantity value of each gene to produce a normalization factor.

Note: To perform this analysis is necessary to select at least three selected controls with
the corresponding Unknown samples of each assay. Also the M value will be only
calculated if selected control genes have the same samples data (example: if sample 04
has missing data for the selected-control gene 01 but no for the other selected-control
genes, the analysis cannot be performed. Sample 04 has to be deleted from all the
selected-control gene assays to enable the analysis.)

2 Data Analysis Gene Bxprestion T I T TR o = =11 |

File Tools Help
O@B

Assay

Name

. | Options
£ Control Gene-Stability Measure [P .
20

= GENE03

-GENEM
| GENEDS

— £\

GENE10
—— GENEO2

GENEDS

—T~ | fAANT——

—— GENED1

Ve

| GENEO7
GENEOS

| GENEDS
GENE1D

sl ——— L

|GENETT
GENE12
| GENET3

sampled4 sample1 sample0s

Sample Name

sample08

GENE10 GENED2 GENEDT
0493974019712 | 0816656566584 0495569677915 (508981857862

Sample
Hame

| sample 05
samplo08
sample6
sample07
sample07

.. |0.23081...
023081
004506
(004506

2266, 0.1999...|
0.1729..| 01999 | 0.0380.
00472 | 00485 |0.0019
0.0500..|00485..|0.0013.

sample08

12525
| 14580
14,450,

12311
14535
|1a53

Unknown
Unknown
Unknown

sample02

(AR RN K

| sample03

sample03

Figure 5. Control Gene Stability analysis

4.3. Results

By clicking in each Assay name, the program will show

results (Fig. 6):

[osset67s01167.. |
|0 sss167601187

1080264980847 |
1080264528547 |

| Example fie
Example fie
Example file
 Exampis fie

D.DDE

you a list of samples with

e Mean: Average Ct value of sample replicates by assay

e Mean Quantity: Average quantity value of sample replicates by assay

e Quantity SD: Standard deviation value of quantity values by assay

e Mean Q S. Control: Average quantity value of quantity values by selected

control assays
e Norm Q.: Normalized quantity value

e Norm. Q. SD: Standard deviation of Norm Q.
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Sample

Name ala Mean G Type Quantity gj:;‘w Quertiy MeanQ  nom.q Nom. Q. 5D Group Omit  Fie Name i
sample0 14585 14554 [Unknown |~ | 00471 0.0481._ 00013 |0.04161.. [1156092279145_.. | 0.062010670823 B |Examplefie

sample0 14522 |14.554_ [Unknown |+ |0.0430._ 0.0481._ 00013 |0.04161.. [1156092279145... | 0.062010670823 | Examplefie

sample02 13156 |13.290_ |Unknown |+ |01161.. 01071 |0.0125.. |0.10010.. | 1070374337556 0.151968588271 | Examplefie

sample02 13425 13290 |Unknown |+ |D.0SBD.. 01071 |0.0125. |0.10010.. 1070374937556 | 0.151968588271 | Examplefie

sample03 13362 13348 |Unknown | |0020._ 0.1025._|0.0012 |0.09085.. 1131471986464 0.016953915155 O |Examplefie

sample03 13335 13348 |Unknown | |0037.. 0.1029._|0.0012 |0.09085.. 1131471986464 0016953515155 O |Examplefie

sample04 13572. 13583 |Unknown |~ |D.0BS3.. 0.0887._|0.0005 |0.12110.. 0732636926317 |0.053863433805 T |Examplefie

sample04 12595, |12583.. |Unknown |~ |0.0BS0.. 0.0887.. 00009 0.12110.. |0732636326317.. 0053863433006, | Eamplefie

sample05 12352, 12353, |Unknown |+ |01026.. 0.1026. |7.0469.. 0.08210.. |1250184379653.. 0.011004145689.. | Eamplefie =
sample05 12353, 12353, |Uknown |+ |0.1026.. 0.1026. |7.0469.. 0.08210.. |1250184379653.. 0.011004145689.. | Eamplefie

sample06 12272, [12286.. |Unknown |+ |0.2030.. 02012 |00026.. 020714 |0971363055029.. 0.016837921624.. | Eamplefie

sample06 12301, |12286.. |Uknown |+ |0.1893.. 02012 |00026.. 0.20714.. |0871363055025.. 0.016837921624.. | Eamplefie

Figure 6. Results table

You can omit samples in the analysis clicking on “omit” checkbox (Fig. 7) or leaving
the sample empty.

Note: The program recognizes and omits the undetermined Ct values automatically.

Sample
Name aa MeanCt  Type Quartity gﬁ:;‘m SBE"""' Mg‘:ﬁul Nom. Q Nom. @. SD Group Omit  Flle Name =
NTC Undster.. NTC - Example file L
Pool 1:1024 20.786... |20.858... |Standard ~ | 0.0009. [ | Examplefile 1
Pool 1:1024 20.857... |20.858.. |Standard ~ | 0.0009. [[] | Examplefie
Pool 1:1024 20.830... |20.858.. |Standard ~ | 0.0009. [ | Bxample file
Paool 1:16 13.505 13.535.. |Standard ~ | 0.0625 [ | Bxample file
Paool 1:16 14012 13.939.. |Standard - | 0.0625 [ | Bxample file
Pool 1:16 13.899.. |13.939.. |Standard - | 0.0625 [ Bamplefle
Pool 1:16389 26.678.. |26678. - Example file
Pool 1:16389 26.539... |26.539. - Example file
Pool 1:16389 25.582... |25.582. - Example file

Figure 7. Omit checkbox column

4.4, Result charts
4.4.1. Standard Curve charts

Displays Ct vs log Quantity (logo). The scatter plot represents the current assay
selected (Fig. 8).
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Figure 8. Standard curve

On the top-right of the application you can found options to both refresh the chart and
show/hide the regression line. The PCR efficiency calculated using the slope of the
linear regression (E = 10079 _ 1) and the R? are indicated in the plot.

4.4.2. Results Bar Plots

This utility allows visualizing DAG expression normalized data via bar plots (NQ
Plots):

NQ Plot: Displays NQ (normalized quantity) vs target or sample (Fig. 9). NQ
data can be displayed as Linear or logarithmic (Log, and Logy).

Mode (v sare =] [uoem Sy

130 {
120 iy
4

sampled] samphell? sampleld

- GENED! W GENEDT GEMEN] NN GENETS NN GENEZD WE GENEXT M GENEW N GENER GENELD GENELL

GEMEDD GEMEDS W GENE1Z GENETS GENEZ GENEFS W GENEID W GENEI] NN GENEL] NN GENELS
N GENE(S W GENEWD GENE'S W GENEJD W GENEZS W GENEXD WS GENEX GENESE NN GENESZ GENESS
N GENEDS BN GENE] WS GENE'G EEEN GENEZT NN GENESS GENEF GENEFS EEE GENEZ? NN GENE4Z W GENELE

Figure 9. Bar plot displaying NQ vs sample
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NQ Plot by Group: In the sample design box (Fig. 3), the user can assign
samples to biological groups (examples: genotype 1, genotype 2,... or male vs female)
by clicking in the Group box and entering the group name. Groups can be only assigned
to Unknown samples. The software plots the arithmetic mean of NQ of each group vs
target or group (Fig. 10). NQ data can be displayed as Linear or logarithmic (Log, and
LOglo).

Mode NG s Taget v| [unear -

I 1.70
1.60
1.50
1.40
1.30
1.20

1.10
1.00
0.90
0.80
0.70
0.60
0.50
040
0.30
0.20
0.10
0.00 [BI=I Y

GENED1 GENEO2

I GROUP1 GROUP2

Figure 10. Bar plot by group displaying NQ of each group (1 and 2) vs target

Note: NQ plots can be saved as .jpg, .jpeg, .gif, .bmp, .png by clicking the shortcut icon

available in the chart view.

5. Other utilities

5.1. “Efficiency between genes”

This utility allows checking if efficiencies of target and selected control are
approximately equal, a prerequisite to use the AACt method for quantification (Livak
and Schmittgen, 2001; Schmittgen and Livak, 2008). To validate it, the DAG
expression program plots the log input amount vs ACt (Ct of target gene —Ct of selected
control gene). If the absolute slope of the obtained trend line is <0.1, the user can use
the AACt calculation.
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Options
6 l ®  Standard
Unknown Linear regression -F{efresh
= L — = —— Linear regression
Hficiency between genes
4
|GENEOT -
|GENEQ3 -

:

y=-0.0177x+5.219

0
-3.6123 -2.6123 -1.6123 06123 PCR efficiency=
-3.1123 -2.1123 -1.1123 L1123

R=0.2573

log Quantity

Figure 11. Relative efficiency plot

5.2. Coefficient of variation

This utility calculates the coefficient of variation inter-run (Fig. 12). If the user wants to
compare the same assays between different samples distributed in different runs, an
identical sample (Unknown) has to be added in all the independent runs performed.

Figure 12. Inter-run coefficient of variation
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6. License

Data Analysis Gene Expression is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivs 3.0 Unported License. This program is free software; you
can copy, distribute and transmit the work under the following conditions: Attribution -
You must attribute the work in the manner specified by the author or licensor (but not in
any way that suggests that they endorse you or your use of the work). Noncommercial -
You may not use this work for commercial purposes. No Derivative Works - You may
not alter, transform, or build upon this work.
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