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I.  Introductio n of GCellIQ software 

Welcome to the userôs guide of GCellIQ software.  

GCellIQ is open-source software for high-content screen analysis. It is extremely 

user-friendly. You can find updated information from the website: 

http://www.methodistresearch.com . 

The system of GCellIQ consists of three functional modules:  

1) Image pre-processing and cell morphology quantification  

2) Phenotype modeling and cell classification 

3) Image scoring and gene function annotation 

 

 

 

 

 

 

Figure 1. Overall architecture of GCellIQ. 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), polymerized F-actin 

(green), and Ŭ-tubulin (red), and then images are acquired by an automated fashion 

microscopy. As shown in Fig.1, the raw images acquired from RNAi HCS are input to 

the first module. Before segmenting an image, pre-processing needs to be performed 

because of the noises, artifacts, uneven illumination, and striped patterns. The cell 

http://www.methodistresearch.com/
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segmentation procedure includes a three-step scheme. For nuclear segmentation we 

first estimate the background of each image with cubic B-spline, then the nuclei shape 

and intensity information are combined and the nuclei centers are detected in the 

gradient vector field (GVF) and clustered nuclei are separated by seeded-watershed. 

For cell body segmentation, adaptive threshold is used for identifying background, 

and considering the need of processing speed requested by genome-wide dataset, 

seeded-watershed method is used for touching cell body segmentation where nuclei 

segmentation results as the seeds information. For over-segmentation correction we 

proposed a feedback system using three scoring 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, 14 Haralick texture 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 are input 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 each experiment. A feature 

selection procedure is necessary to de-noise the dataset and describe it in the most 

informative way. In GCellIQ, a subset of features is selected using the new SVM-RFE 

(Support Vector Machine-Recursive Feature Elimination) algorithm to 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 as each cell segmentôs similarity to different phenotypes.  

Using the above statistical characteristics of the identified phenotypes in each image, 

a phenotype co-existence pattern in each image can be obtained, i.e. 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 each dsRNA is usually repeated 2-4 times using wells located in 

different plates while each gene can be targeted by 2-9 different 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 are calculated,  

then the overall score matrix is randomized so that the baseline of such dispersion can 

be obtained, and a p-value can be generated to show whether these wells are 

significantly repeatable to each other. 

II.  Installation 

2.1 Download. The GCellIQ software was tested under Matlab version R2007a 

and higher. You will need a basic installation of Matlab of these versions on your 

computer in order to run the toolbox. Please read and agree the license before running 

the software. You can obtain the source code from the website: 
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http://www.methodistresearch.com. 

 

2.3 Installation. No installation is required for this software. Just download the 

source code and run the program under Matlab environment. After downloading the 

GCellIQ zip file, please follow these steps in order to use it: 

When you download the software, please decompress the .rar file into a directory, 

e.g. C:\Program Files\MATLAB\R2007a\toolbox\GCellIQ_V1. If you use the GCellIQ 

software first time, you need to:  

(1) Change the ócurrent directoryô of Matlab to the directory where the system will 

be stored, e.g. C:\Program Files\MATLAB\R2007a\toolbox\GCellIQ_V1 or 

include the path of the new directory in the Matlab search path by typing (in 

the Matlab command window): addpath <directory>.  

(2) Input óGCellIQ_V1ô in the command window of Matlab and then the software 

will be run. 

III. Userôs Guide 

GCellIQ software can display the raw image one by one according to the different 

channels, e.g. Nuclei channel, F-actin channel, A-tubulin channel and all channels. It 

can also be used to take image segmentation, feature extraction and feature selection 

using different algorithm. Then based on the selected features GCellIQ software can 

classify single cell to predefined specific phenotypes. Finally, quantification analysis 

of a single gene is taken based on previous results. The system can achieve all of 

these tasks efficiently, process the results and automatically store them in one 

directory that can be easily accessed or viewed.  

All of the image view, segmentation, features extraction and selection, 

classification and quantification analysis steps are integrated together as a pipeline 

(shown in Figure 1). The user simply specifies the location of the raw data directory 

which will enable batch processing (Note: No matter how many data sets, it will 

process them sequentially and store them the same way).  

3.1 Usage of GCellIQ 

http://www.methodistresearch.com/


1 

 

GCELLIQ Software for Matlab                                       7 
 

3.1 The description of raw image data 

The GCellIQ software can be used to process the cell-based screen image data. 

Currently, the high content screen data is produced by 384-well format equipment, 

which means there are 384 wells (16 rows and 24 columns) in each plate. For each 

well, sixteen images from each of the three channels (blue, green and red) were 

acquired in an automated fashion using an Evotec spinning-disk confocal with a 60× 

water objective. However, for GCellIQ there is no limit for the number of the rows 

and columns. 

 3.1.a Interface of GCellIQ_V1. The easiest way to operate the GCellIQ is using 

the graphic user interface (GUI). Start the GUI by typing ñGCellIQ_V1ò in the 

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. 

 

Figure 2. The interface of GCellIQ software 

Sections of the graphic user interface 

The GUI called by typing ñGCellIQ_V1ò includes a command menu as well as 

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

2. View segmented and classified images area. 

3. Phenotype statistic display messages box. 

4. Define New phenotype buttons. 

5. Manually modify phenotypes buttons. 

6. Image display area 

 

Menu 

Using the ñfileòmenu, the following commands may be issued: 

1. Open Raw Image: This menu option assists in loading image files. The 

structure of the file is explained in the files section below. 

2. Exit: Closes the GUI. 

 

  Using the ñimage processingò menu, the following commands may be issued: 

1. Image Quantification: Start the image segmentation and feature extraction process 

using the parameters shown 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 that the segmented images should be loaded before this step.  

3. Feature Selection: Start the image feature selection process using the parameters 

shown on screen. 

4. Phenotype Classification: This will open a screen for help in selecting the 

classification algorithm, as described later. It should be noted that the training dataset 

need to be loaded before this step. 

 

Using the ñResultsò menu, the following commands may be issued: 

1. Load processed results: This will open a window for help in selecting the dataset 

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 the ñHelpò menu, the following commands may be issued: 

1. About GCellIQ: try and see. 

2. GCellIQ help. 

3. Online resource. 

 

3.2 View the raw image data using GCellIQ 

3.2.a Obtain the directory of the data. To process data, the user must specify the 

location of the raw data directory using the menu óFile->Open Batch Imageô. (Users 

can download the ótest dataô from our website). Since the software has batch process 

ability, users can put all data sets under one directory, e.g. C:\Program 

Files\MATLAB\R2007a\toolbox\GCellIQ_V1\test_image, then use the menu 

óFile->Open Batch Imageô to find the directory (as shown in Fig. 3).  

 

Figure 3. 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 GCellIQ software can process four kinds of 

image, i.e., . jpg, .png, .tif, .bmp. 
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Figure 4. Select the image format of the raw image data 

When you specify the format of the loading image and click the ok, the raw image 

will be loaded. It should be noted that we can load a batch of images one time using 

the GCellIQ. The first one of loaded images will be displayed in the window of 

GCellIQ (as shown in fig. 5). 

 

Figure 5. The raw images have load to GCellIQ and displayed in the interface 

3.2.b View the raw image data.    

The quality of the raw image is very important for the late analysis, so the software 

should be able to display the image in different channels and the user can intuitively 

understand the quality of the raw image. Using GCellIQ the user can conveniently and 

flexiblely view the raw images. 

When raw images are loaded, you can click on the Radio Button(óNuclei�¶, 


