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l. Introductio n of GCelllQ software

Welcome to thas s e gui@esofGCelllQ software
GCelllQ is opensource software fonigh-contentscreen analysidit is extremely
userfriendly. You can find wupdat information from the website:

http://www.methodistresearch.com.

The systenof GCelllQ consists ofhree functional modules:
1) Image preprocessing and cell morphology quantification
2) Phenotype modeling and cell classification

3) Image scoring and gene function annotation
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Figure 1.Overall architecture of GCellQ. Three modules are indicated in white boxes.

In a typical experiment, cell cultures are fixed and stained with reagents in
order to visualize the nuclear DNA (blue channel in all images), polymer izedir-
(green)  a4tubulinlred), and then images are acquired by an automated fashion
microscopy. As shown in Fig. 1, the raw images acquired from RNAiI HCS are input to
the first module. Before segmenting an image;poEessing needs to be performed

because of thaoises, artifacts, uneven illumination, and striped patterns. The cell
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segmentation procedure includes a thstsp scheme. For nuclear segmentation we
first estimate the background of each image with cubiplhe, then the nuclei shape
and intensity inbrmation are combined and the nuclei centers are detected in the
gradient vector field (GVF) and clustered nuclei are separated by seatiehed.

For cell body segmentation, adaptive threshold is used for identifying background,
and considering the neeaf processingspeed requested by gencm@&e dataset,
seededvatershed method is used for touching cell body segmentation where nuclei
segmentation results as the seeds information. Forsagmentation correction we
proposed a feedback system using e@higcoring models. In the next step, the
morphological features are extracted from each segmented object. A group of 211
morphological features are defined from five categories: 85 wavelet features, 11
geometry features, 47 Zernike moments features, ldlielatexture features and

54 original shape features and those features are extracted from each cell to quantify
its morphology. This workflow is applicable to various HCS datasets upon tuning on a
small group of parameters. The quantified cell images igpat to the second
functional module. With the help of expert ground truth labeling on the pilot dataset, a
novel online phenotype discovery method is developed to identify and validate novel
phenotypes, and finally form a stable phenotype panel for @gmriment. A feature
selection procedure is necessary tendése the dataset and describe it in the most
informative way. In GCelllQ, a subset of features is selected using the newREFEM
(Support Vector Machin®ecursive Feature Elimination) algorithto differentiate

phenotypes from each other, and a series of SVM classifiers are used to classify
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individual cell segments into corresponding phenotypes. The probability output of
SVM classifiers is recorded asheaotymebh cel | s
Using the above statistical characteristics of the identified phenotypes in each image,
a phenotype cexistence pattern in each image can be obtained, ie. which
phenotypes tends to gather upon certain RNAI treatment and how the proportion of
cells from different phenotypes upon different RNAI. Thus a gene function score is
generated. The functional score of an image was derived using the weighted
combination of the inference from several support vector probability output. The
experiment for ach dsRNA is usually repeated42times using wells located in
different plates while each gene can be targeted & dfferent dsRNAs.
Repeatability test was designed to pick up repeatable images whose scores were
consolidated into a score of single gene

For those survived wells, a statistical test based on clustering analysis is then
carried out to check whether they form a compact cluster. In this statistical test, given
the scores for a certain group of wells, the dispersion among the scores alegezhlic
then the overall score matrix is randomized so that the baseline of such dispersion can
be obtained, and a-yalue can be generated to show whether these wells are

significantly repeatable to each other.

. Installation

2.1Download. The GCelllQ softwarewas tested under Matlab versiR2007a
and higherYou will need a basic installation of Matlab of these versions on your
computer inorder to run the toolbolease read and agree the license before running

the software You can obtain the sourcedmfrom the website:
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2.3 Installation. No installation is required for this software. Just download the
source code and run the program under Matlab environdéet.downoading the
GCelllQ zip file, please follow these stejosorder tousertt:
When you download the software, pleaseampress thear file into a directory,
e.g.C:\Program FileSMATLABR20074toolboXGCelllQ_V1 If you use th&sCelllQ
software firsttime, you need to:
D Change the 6current directoryoéwdf Matl al
be storede.g.C:\Program FileSMATLABR2007atoolboXGCelllQ_Vl1or
include the path of the new directory in the Matlab search path by typing (in
the Matlab coomand window): addpath <directory>
(2 l nput 06GCel Il 1 Q_V16 in the command windo\

will be run.

I I Userds Gui de

GCelllQ software camlisplay the raw imagene by oneaccording to the different
channelse.g. Nuclei channel,-&ctin channel, Atubulin channel andllechannes. It
can also be used take image segmentation, feature extraction and feature selection
using differentalgorithm. Then based on the selected feaduBEelllQ softwarecan
classify single cell to predefidespecific phe notypes. Finallyguantification analysis
of a single gene is taken based on previous resliiis. system can achieve all of
these tasks féciently, process the resultend automatically store them in one
directory that can be easily accetse viewed.

All of the image view, segmentation, featuregxtraction and selection
classificationand gquantification analysisteps are integrated together as a pipeline
(shown inFigure 1) The user simply specifies tHecation of theraw data directy
which will enable batch processir{§jlote: No matter how many data sets, it will
process thersequentiallyand store the the same wagy

3.1 Usage ofGCelllQ
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3.1 The description of raw image data

The GCelllQ software can be used to processdbibased seenimage data.
Currently, the high content screen data is produce8@8well format equipment,
which means there are 384 wells rows and 24 columns) in each plaf®r each
well, sixteen images from eadf the three channels (blue, green and redyew
acquiredin an automated fashion using an Evotec spinrdisg confocal with a 60x
water objective However, for GCelllQ there is no limit for the number of the rows
and columns.

3.1.a Interface of GCelllQ V1. The easiest way to operate the GCelllQuding
the graphic user i nterf aceCe(ll GVL) .i nSttaret
Matlab command window. This will bring up a screen similar to the one shown in

figure 2. We will introduce all of the menus and buttons step by step in the late

sections.
-) GCelllQ_Version_1 =3
File Image Processing Processing Results Help ~
— View Raw Image by Channels ——
O Nuclei O F-actin
O Atubulin - O All Channel
il |

Frame # 1iframes

— Segmented and Classified Image —
@) Actinlmage (O Color Image

T

Avg Int Area

Define New Phenatype -
[Add Pheno ] [Delete Pheno

Phenotype Statistics
#N #lpa #Cc  #Rl #Rho

#Tot Selected Phenotype
Manualy Modify Phenv:ﬁy;oes
[ 1 ] [2tpa | [3cc | [ ar | [sRno| peothers| [Delete | [ save |

Figure2. The nterface ofcCelllQ software
Sections of the graphic user interface
The GUI called by typingi GC e | | linQuudé&sla@ommand menu as well as

the following sections:
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1. View raw images by channels area

2. View segmented and classified inegsgarea
3. Phenotype statistic display messages. box
4. Define New phenotypbuttons.

5. Manually modify phenotypes buttons

6. Image display area

Menu

Using thefifile dmenu, the following commands may be issued:

1. Open Raw Image This menu option assstin loading image files. The
structure of the file is explained the files section below.

2. Exit: Closes the GUI.

Using thefimage processing menu, the following commands may be issued:
1. Image Quantification Start theimage segmentation and faed extractiorprocess
using the parameteshown on screen.
2. Build Training set Start to build training data set by asking user to choose the cell
image (by clicking the cells in the image display area) and the phenotype belonged. It
should be noted #t the segmented images should be loaded before this step.
3. Feature Selection Start the image feature selection procasimg the parameters
shown on screen.
4. Phenotype Classification This will open a screen for helm selecting the
classificationalgorithm, asdescribedater It should be noted that the training dataset

need to be loaded before this step.

Using thefiRe sultsd menu, the following commands may be issued:
1. Load processed resutt3his will open awindow for helpin selecting thedataset
which will be loaded Specifically, user can load segmented images, the training

dataset and classified images which can be manually correct by the GUI interface.
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Using thefHelpo menu, the following commands may be issued:
1. About GCelllQ try andsee.
2. GCelllQ help.

3. Online resource

3.2View the raw image datasing GCelllQ

3.2.a0btain the directory of the dataTo process datdhe usemustspecify the
location of the raw data directonsing the mend F i>Dm@en Batch Imageh (Users
candown!l oad t he our twebsit¢ Sirtetheasdftwdrer hasnbatch process
ability, users can put all data sets undeone directory, e.g. C:\Program
FilesMATLABR20074at0olboXGCelllQ_VAtest image then wuse the menu

0 F i>Open Batch Imagedto find the directory(as shown irFig. 3).
= 51|
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Folder; |test_image
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Figure3. Choose the directory of the raw image
In the next step, you need to specify the image format of your image data (shown

in fig. 4). In our current version, the GCelll@oftware can process four kinds of

image, i.e., .jpg, .png, .tif, .omp.
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Figure4. Select the image format ofthe raw image data
When you specify the format of the loading image and clicloy¢he raw image
will be loaded It should be noted that we can load a batch of images one time using
the GCelllQ. The first one of loaded images will be displayed in the window of

GCelllQ (as shown in figh).

Figure5. The raw images have load to GCelllQ and displayed in the interface
3.2.bView the raw imagedata.

The gquality of the raw image i®xy important for the late analysis, so the software
should be able to display the image in different channels and the usietudave ly
understand the quality of the raw image. Using GCelllQ the user can conveniently and
flexiblely view the raw images.

When raw images are loadegipu canclick on the Radio Button( Mucleif
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