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SoyKB Introduction	  

Soybean Knowledge Base, SoyKB, is a comprehensive web resource for soybean 

knowledge and can be accessed from the url “soykb.org” [1]. It is designed to give 

researchers easier access and better understanding of soybean traits and molecular 

breeding. The first feature in SoyKB is entity search. There are 6 entities users can search 

by: Genes, miRNA/sRNA, Metabolites, Single Nucleotide Polymorphisms, Plant 

Introduction Lines and Traits. All entities information is also interconnected. For 

instance, if you search by Gene, relative information like SNP, QTL trait, sequence 

information, miRNA, domain information will be displayed in the gene card page. And if 

you search by SNP, genes existed in the entered region will also be displayed as 

hyperlinks. The second feature is Browse, which includes many browsers such as 3D 

Protein Structure, Genome Browser, In Silico Breeding Program, Differential Expression 

and so on. These browsers helped to bridge soybean translational genomics and 

molecular breeding research. The third feature is Tool, which includes Gene Pathway 

Viewer, Heatmap, Scatterplot and so on. The next feature is Data Files where you can 

download chosen datasets, upload your own datasets, extract certain region genome 

sequence or view public datasets. The other information such as SoyKB architecture, 

available datasets, team, contact, citations, workshops, user manual can be accessed in 

the Information, Help and About tabs. All of the data in SoyKB are stored in MYSQL 

database in iplant server earnshaw.iplantcollaborative.org. The front end is constructed in 

HTML, Javascript, JQuery, AJAX and CSS. The back end is mostly written in PHP, and 

few tools are programmed in Python or R script. 
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Abstract 

Soybean Knowledge Base (SoyKB), is a comprehensive web resource for knowledge about 

soybean genomics and multi-omics data. It is designed to give researchers easier access and better 

understanding of soybean traits and molecular breeding. In this thesis we have further expanded 

the analytics capabilities of SoyKB by developing new informatics tools including eFP Browser, 

SNPViz 2.0, WGCNA analysis and POP Select. The tools highlighted here provide users 

information ranging from genomics data to GWAS and its application in molecular breeding.     

1) The eFP Browser was originally developed by the University of Toronto to visualize data 

intuitively. We have done a local standalone implementation in SoyKB with 16 transcriptomics 

expression datasets. Each dataset is represented by an image that will be recolored based on 

tissues' expression level. 2) SNPViz is a tool to analyze whole genome sequence SNP datasets for 

haplotypes of user-defined gene regions. SNPViz 2.0, developed in Javascript, is targeted to 

resolve the Java related security issues in SNPViz 1.0. It also includes several new features such 

as gene version control, neighbor joining cluster method and RGBY color scheme. At the same 

time, the cluster tree constructed in SNPViz 2.0 is dynamic which users can click a node to 

collapse or expand the sub-tree instead of just a static image. 3) WGCNA, is an open source R 

package for weighted gene co-expression network analysis and gene module detection, which we 

have incorporated in SoyKB as a new analysis feature in our Differential Expression Browser 

suite of tools. 4) Pop Select is a tool to help breeders analyze SNP population datasets and 

identify top scoring offspring with desired genomic information. It scores all offspring based on 

user specified region and parent type and then output top offspring information in charts and 

tables. These newly incorporated tools enriched SoyKB data visualization and analysis 

functionalities tremendously. In the future we will maintain these tools to make them more robust 

while exploring new application areas and developing new tools for the soybean research 

community. 
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1 eFP Browser 

	  

1.1 Background	  

In SoyKB we handle many different data types, like genomics, EST, microarray, 

transcriptomics, proteomics, metabolomics, pathway and phenotype data. We won’t be 

able to do any further research before we have some tools to explore those overwhelming 

amounts of data. Nowadays there are many tools available and they provide huge amount 

of information. However, usually users are required to have strong background 

knowledge, or special training before they can understand the provided results. Thus tools 

to collect, visualize and interpret the high-throughput results in an intuitive way are 

becoming increasingly significant as the prevalence of large-scale data sets in biological 

research. 	  

1.2 Introduction	  

The eFP Browser, electronic Fluorescent Pictograph Browser, is designed as an intuitive 

data visualization tool that maps large-scale dataset to pictography representation. This 

tool was originally developed by the University of Toronto [2]. We applied this tool to 3 

Arabidopsis RNA sequence datasets (http://gene.rnet.missouri.edu/efp/cgi-

bin/efpWeb.cgi) and 16 soybean transcriptomics RPKM RNA sequence datasets 

(http://soykb.org/cgi-bin_new/index.php). In the demonstration below, we will use 

soybean transcriptomics dataset1 Tissues Seed time points as an example. 	  
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Figure 1: eFP Browser Gene Validation	  

As the emergence of re-sequencing technology, we keep getting new gene versions, 

which have more precise descriptions about start and end positions for a specific gene or 

a trait, or other improvements than the previous gene version. Currently there are three 

versions information available in SoyKB database, which are Version 1.0, Version 9.0 

and Wm82.a2.v1. After a user log in he will be able to access all three versions as long as 

he has the corresponding permissions. After choosing a gene version, the corresponding 

dataset list will appear on the right side as Figure 1. Select a dataset, enter a gene 

corresponding to the chosen version and click the Submit button. If the gene entered is in 

the wrong format or doesn’t appear in any datasets, it will stay in the same page and show 

the error message “No expression datasets available for this version at this time”. If the 

gene entered passed the checking process, then you will be directed to eFP Browser main 

interface as Figure 2.  As you can see in the input page, data source, mode, primary gene 

ID are required. Secondary gene ID and signal threshold are optional which gave users 

more flexibility. The secondary gene ID is required in the compare mode to be able to 

calculate expression level value, and the signal threshold is used to set up your own 

maximum signal value instead of using the limit calculated by the program. Their 

detailed usage will be explained in the sections below. 	  
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Figure 2: eFP Browser Input Interface	  

1.3 Architecture and Development	  

As we talked earlier, all of the datasets using in eFP browser are stored in MYSQL 

database in iplant server. There is a rule about the database name, which is the datasets 

associated with eFP browser should start with the prefix “efp_soybean”. For instance, the 

data in Dataset1 Tissues Seed Time Points are stored in database named 

efp_soybean_dataset1. This would make it easier to identify and manage eFP browser 

datasets. The database configuration is stored in efpConfig.py. We need to edit this file if 

any changes need to be made about MYSQL database including configuration and adding 

new datasets.   	  

All of the eFP related files are in “/var/www/html/soykb_dev/cgi-bin_new” in iplant 

server and they are mostly written in Python. The web interface is constructed from file 
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efpWeb.cgi. There are three mandatory files for each dataset in the data folder: a XML 

file that specifies tissues, an image file in PNG format for the original dataset and the 

same image in TGA format. For instance, the three files for Dataset1 are 

Dataset1_Tissues_Seed_time_points.xml, 

Dataset1_Tissues_Seed_time_points_image.png and 

Dataset1_Tissues_Seed_time_points_image.tga.  

Thus, creating images in Photoshop and save it as .png and .tga format for the dataset is 

the first step. Firstly, collect the separate images for each tissue. Secondly, create a blank 

image and add all of the separate tissue images. Then arrange the elements in the image 

to display them in a pleasant and ordered way. Last but not least, add tissue name as title 

for each tissue so that users may know what condition in the database this image 

represents for.   

In the first step talked above, there is a special point should keep in mind when adding 

creating new image, which is different tissues are not allowed to have the exactly same 

RGB values. In another word, each tissue has to have unique color. Because each time 

after the user starts a new search, the eFP engine will loop through each pixel in the 

image and replace the previous tissue color with the calculated color. If two tissues have 

the exactly same RGB value, it will fail to tell which tissue the image represents for. But 

in some cases, it might not make sense to use unique color for each condition since some 

conditions are about the same tissue. For instance, in the Dataset1 Columbia for 

Arabidopsis in Figure 3, the initial image is supposed to be composed of multiple 

identical leaf images since all of the conditions are about leaf tissue. But the eFP Browser 

won’t be able to work correctly if the initial image was added that way. In this case, you 
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need to use the brush in Photoshop to change the color slightly. Even tiny difference in 

the RGB value will enable eFP Browser again.  Thus instead of using #00FF00 as RGB 

value for all tissues, we used value that has minor difference with original color like 

#00FF05 for other leaf tissue.	  

1.4 Results and Discussion	  

After choosing a dataset, the eFP engine will respond immediately by displaying the 

corresponding dataset image. In this eFP Browser, there are three modes you can choose 

which are Absolute, Relative and Compare. In the first two modes, only primary gene ID 

is required and the input box for the secondary gene ID will be grayed out. Only when 

you choose Compare mode, the secondary gene ID input box would automatically 

become editable. 	  

The right most input item is called Signal Threshold and it is optional. By default this 

feature is turned off and the signal threshold input box is gray. If you need to set up your 

own limit signal value for the color scheme instead of using the threshold calculated by 

the program, you should check the Signal Threshold checkbox and the signal input box 

would then become editable.  By doing that, all values above the absolute value of this 

entered threshold will be displayed as extreme color, i.e. red or blue. One example of this 

feature is as Figure 10 when setting this threshold to be 50. This feature allows user to 

ignore values that may appear significantly higher relative to their control but might not 

be any biologically meaningful due to their low absolute expression levels. That way 

noises made by the outliers can be reduced and generated graph will be more meaningful.	  
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In the absolute mode, each tissue is compared directly to the highest tissue signal of the 

given gene. Tissues with lowest expression level value will be in yellow and tissues with 

highest expression level value will be in red. In the relative mode, the expression level is 

displayed as the ratio of a tissue’s expression level to the control signal specified in the 

XML file. Log2 of the ratio will be used to color the tissue image. The color for tissue 

with lowest and highest expression level value will be blue and red. In the last mode 

which is compare mode, two genes are required in the input phase since the expression 

level is decided as the ratio of primary gene value to the secondary gene value for each 

tissue. And the colors for tissues with lowest and highest expression value are also blue 

and red. In all three cases, the tissues with expression value between lowest and highest 

will be colored gradient.	  

Here we choose “Dataset1 Tissues Seed time points” as data source, enter 

“Glyma06g23570.1” as primary gene ID and “Glyma03g39670.1” as the secondary gene 

ID, the corresponding results for absolute, relative and compare mode are as Figure 7,  

Figure 8 and Figure 9. The results for Arabidopsis results are as in Figure 4, Figure 5 and 

Figure 6. Corresponding tissue name, expression level value will appear upon mouse over 

the tissue images. The tissue images are also links that you can click to view relative 

documents. Under the image there are two buttons to view table and chart as Table 1, 

Chart 1, Table 2 Chart 2 and Table 3 Chart 3.  
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Figure 3: Initial Arabidopsis Dataset Image	  

	  

Figure 4: Absolute Mode Result for Arabidopsis Dataset 1 Columbia	  
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Figure 5: Relative Mode Result for Arabidopsis Dataset 1 Columbia  

	  

Figure 6: Compare Mode Result for Arabidopsis Dataset 1 Columbia	  
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Figure 7: Absolute Mode Result for Soybean Dataset 1 

	  

                  Table 1: Expression Value Table for Figure 7                    Chart 1: Expression Value Bar Chart for Figure 7	  
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Figure 8: Relative Mode Result for Soybean Dataset 1	  

	  

                       Table 2: Expression Value Table for Figure 8               Chart 2: Expression Value Bar Chart for Figure 8	  
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Figure 9: Compare Mode Result for Soybean Dataset 1	  

	  

                     Table 3: Expression Value Table for Figure 9                  Chart 3: Expression Value Bar Chart for Figure 9	  
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Figure 10: Absolute Mode With Customized Threshold Output	  

1.5 Software Testing	  

1.5.1 Verification	  

The eFP browser was designed as a data visualization tool. As we can see from the 

illustration before, the expression levels of different tissues are displayed in different 

colors. In each mode, there are two colors assigned for the maximum and minimum 

values. In the absolute mode, lowest values are represented as yellow and highest values 

are represented in red. But in the relative and compare mode, the corresponding colors 

will be blue and red. All the other expression values in between will be displayed in the 

gradient color. For example in Figure 7, the flower tissue has the maximum expression 

value 0.67, thus it is colored in red. And the seed 21 DAF has the minimum expression 

value -1.59, thus it is colored in blue. All other tissues are displayed in the gradient color 

between blue and red. Therefore, we can roughly know a tissue’s expression level from 
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its color, which means, eFP browser is an intuitive data visualization tool that maps 

expression values to pictograph representation. 

1.5.2 Validation	  

As we talked before, there are 3 modes to run eFP browser and each one has a unique 

method to calculate expression level. We will do the validation one by one in below.  

In the absolute mode, the expression level value is equal to the tissue’s signal value. As 

we can see in Table 1, the signal value of tissue nodule is 5.0. When we mouse over the 

nodule tissue in Figure 7 we can see the expression level is also 5.0, which validates the 

correctness of absolute mode expression level calculation method.  

In the relative mode, the expression level value is equal to the log2 ratio of the tissue’s 

signal value to the control signal value. As we can see in the Table 2, the signal value of 

flower is 8.0 and the signal value of control tissue nodule is 5.0. When we mouse over the 

flower tissue in Figure 8 we can see the expression level is 0.67, which is log2 (8/5), and 

that validates the correctness of relative mode expression level calculation method.  

In the compare mode, the expression level value is equal to the log2 ratio of the primary 

gene’s signal value to secondary gene’s signal value. As the information from database, 

the young leaf signal value of primary gene Glyma06g23570.1 is 5 and the young leaf 

signal value of secondary gene Glyma03g39670.1 is 4. When we mouse over the young 

leaf tissue in Figure 9 we can see the expression level is 0.32, which is log2 (5/4), and 

that validates the correctness of compare mode expression level calculation method.  
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2 SNPViz 2.0  

 

2.1 Background	  

Nowadays, vast amount of next generation sequencing data for multiple genomes across 

hundreds of species have become publicly available. But when it comes to analyses those 

large-scale datasets, it could become very cumbersome [3]. Many problems, such as how 

to compare nucleotide polymorphisms across many samples within a dataset or among 

different datasets or organisms and how to categorize and visualize these haplotypes 

begin to catch people’s attention. For instance some soybean breeders might be interested 

in the soybean lines that are similar for a specific chromosome region. In this case, we 

will use SNP data for phylogeny tree creation, which is the user case in SNPViz. 

	  

2.2 Introduction	  

A single-nucleotide polymorphism (SNP) is a DNA sequence variation occurring when a 

single nucleotide, A, T, C or G in the genome differs between members of biological 

species chromosomes. SNPViz is designed as software that enable users to analyze 

region-specific haplotypes from single nucleotide polymorphism (SNP) datasets for 

different sequenced genomes [3]. There are two versions of SNPViz developed till now 

and here we mainly focus on the illustration of SNPViz 2.0.  	  
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The SNPViz 1.0 is developed in Java and plugged into webpage as Java Applet. But 

because of the inner browser security setting, we will get security issue and won’t be able 

to run it. Whenever that occurs, users are required to follow the setting instructions to 

enable SNPViz 1.0. They have to open the system control panel, find the java setting 

control panel, go to the security tab, decrease security level all the way to the lowest and 

save your change. Last but not least, close and reopen your browser and try to load 

SNPViz again. It’s very inconvenient since not all of the users are familiar with computer 

settings. Some users might not success in completing the settings described above which 

will fail them to use the tool.  At the same time, it could be very dangerous since lower 

the java security might expose your computer to unknown network environment and 

various viruses could attack your computer. 	  

To completely resolve the security issues, we developed the SNPViz 2.0 in Javascript. 

There are many improvements compared to the SNPViz 1.0. Firstly we don’t have the 

Java security issue any more, which is also the main reason why we even developed the 

second version. Secondly, we added 4 new datasets and data version control. Thirdly, in 

the clustering method, we added Neighbour Joining method besides the original UPGMA 

method. Last but not least, we included another display option, which is RGBY Scale 

besides the original Gray Scale and MultiColor Scale. Those newly added parts are in 

Figure 11 below.	  
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Figure 11: SNPViz 2.0 User Input Interface	  

New users are highly recommended to click the “README” button and read through the 

SNPViz introduction page and this will help you understand different display and output 

options in detail. If you are a coming back user who feels more comfortable to use 

SNPViz 1.0 and already get used to the Java Security setting, you can click the button 

Use Version 1.0 to navigate back to SNPViz 1.0. In SNPViz 2.0 we have 7 datesets 

which are GWAS(Public), Soja(Public), NAM_41(Private), USB_15x, USB_40x,MSMC 

and Oleic_14_fastq. The first three datasets are Version 1.0 or Version 9.0 and the rest 

are Wm82.a2.v1 version. Thus when you choose Version 9.0 as Data Version and try to 

use USB_15x as dataset, the program won’t allow that and will display warnning 

message “You can only view this data in Wm82.a2.v1 version”. Same for the 

Wm82.a2.v1 version, If you choose it as Data Version and try to use GWAS(Public) 

dataset, warning message “You can only view this data in Version 9.0 or Version 1.0” 

will appear. The chromosome options will also be affected by the dataset version control. 

When Version 9.0 or Version 1.0 is chosen, chromosome items are displayed as Gm01, 
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Gm02, ......Gm20. But when Wm82.a2.v1 is chosen, chromosome items will be changed 

to Chr01, Chr02, ......Chr20. Also in the SNPViz 2.0, we do a complete user input 

inspection in the front end before we submit the clustering job to the back end. For 

instance, if starting point or ending point is ignored or not an integer, alert boxes will pop 

up to remind user to input the corresponding values. If a user clicked cluster button 

without selecting any sample, there will be a sample alert box popping up. The alert 

boxes are like Figure 12.	  

 

Figure 12: Alert Boxes For Incorrect User Input	  

There are two cluster methods used in SNPViz 2.0, which are UPGMA and Neighbour 

Joining. UPGMA is short for un-weighted pair group method with arithmetic mean.  It 

constructs a dendrogram, which is a rooted tree from the pairwise similarity matrix in a 

bottom-up way. The distance between two clusters is decided by the average distances of 

all elements in two clusters. For instance, the distance between cluster A and B is taken to 

be the average distances between pairs of object “x” in A and object “y” in B, as shown 

in Formula 1. 	  

	  

Formula 1: Distance Between Cluster A And Cluster B.	  

In each step, the two closest clusters, which have the lowest distance value will be 

combined into one cluster. Then the method will be called iteratively till all of the 
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clusters are combined into one node, which is corresponding to the root of the 

dendrogram. The method is generally attributed to Sokal and Michener [4]. Similar to 

UPGMA, Neighbour Joining is also a bottom-up clustering method. It starts with a 

completely unresolved tree and iterates over steps until the tree is completely resolved 

and all branch lengths are known [5]. 	  

2.3 Architecture and Development	  

Same with other tools in SoyKB, all of the relative data are stored in MYSQL database 

under soykb account. And all of the relative files are stored in 

“/var/www/html/soykb_dev/newSNPViz”. 	  

For the SNPViz 2.0 front-end development, there are following steps:  

1) Design the user interface in a user friendly way, and implement with ThemeRoller 

which is a jQuery user interface library that would display html elements in a pleasant 

and simple way. 

2) Validate user input. If user input is invalid, for instance, if user entered a non-numeric 

value for start and end position, or there is no nucleotides information in the entered 

range, the request will be stopped in the front end. And user will get an input error alert. 

The corresponding codes are in index.php and inputTest.php, which you can see from the 

Chart 4. 	  

When all of the user inputs are valid and also there are information available in that 

range, the following steps will be executed in the back end:  
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1) Process user input information and fetch the nucleotides sequence for each sample 

from database. For instance, if user entered 1 as start position, 10000 as end position, 

gwas_snp as the dataset, the nucleotides sequence for sample W01Beijing4 is like Figure 

13.  

2) Run a cluster program clustalw-2.1 to generate the phylogeny tree file. The clustalw-

2.1 is installed in iplant server and can be accessed with the command like 

"../phylogeny/clustalw-2.1/src/clustalw2 -infile=SNPViz.txt -TREE  -

CLUSTERING="NJ "; If necessary, use infile option to change input file and 

CLUSTERING option to change cluster method.	  

3) Convert the phylogeny tree file to JSON format. 

4) Call cluster dendrogram, which is a Javascript library in D3 to construct a tree and 

display it in the webpage. D3 (http://d3js.org/) is an open source Javascript library for 

manipulating documents based on data. It is extremely fast, and support large datasets 

and also dynamic behaviors from interaction and animation. Without worrying about 

building a proprietary framework by yourself, D3 combine powerful visualization 

components and a data-driven approach to DOM manipulation [6]. 	  
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Chart4: SNPViz 2.0 Process Flow Chart	  

	  

Figure 13: Nucleotides Sequence for Sample W01Beijing4	  

2.4 Results and Discussion 	  

	  

Figure 14: Status Bar 

Since the waiting time might become longer than usual when user entered a large SNP 

region, we added status bar to improve the user experience, which is as Figure 14.  

Without displaying the waiting bar, the user might begin to doubt whether they should 
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kill the page or not after they wait for a while. But the user will definitely know the 

program is still working to get the result after they saw the waiting bar. 

There are three color schemes we can choose to display the constructed tree. As we can 

see in the Figure 15, in the Gray Scale scheme, we represent a SNP in white if it’s 

identical to the Ref, and correspondingly, we represent a SNP in black if it’s not the 

same. However, some SNP data might be missing or there is no data for some specific 

positions. In those cases, we represent that position in gray.  Also as we can see in Figure 

16, in the MultiColor Scale scheme, we represent each SNP with a unique color.  Same 

with Gray Scale scheme, no data or missing data is represented in gray. The last color 

scheme, which is Red Green Blue Yellow Scale, is displayed as the Figure 17. In this 

color scheme, we specified red, blue, green and yellow for four basic nucleotides A, G, C 

and T. For the other IUPAC nucleotide codes, we represent them with the four basic 

colors described above. For instance, R denotes “A or G”, thus R is represented by two 

colors: half red half blue. As another example, H denotes “A or C or T”. Therefore, H is 

represented by three colors, which are red green and yellow. The result in this color 

scheme will give use an intuitive view about the nucleotides distribution.	  

There are four parts in the result page. The first part is the color scheme description 

followed by three tools to resize the constructed tree. User can use them to zoom in to see 

detailed SNP information, or zoom out to see the whole tree structure if there are too 

many branches to fit the whole tree in the window size, or use the “Reset Browser” 

button to reset the tree to original size. The second part is a table about the nucleotides in 

chosen range. The third part is a brush, which is generated from the position range of the 

input. User can drag the brush to move the selection area left or right, resize the brush to 
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increase or decrease the selection area. Once user made a brush movement, the 

corresponding SNP information will be displayed in the table above, including 

chromosome, position, genes in the range if exist, nucleotides in Ref and other samples. 

We added horizontal and vertical scroll bars in case information displayed exceed the 

fixed table size.  Last but not least compared to the SNPViz 1.0 where the tree is only a 

static picture, the tree constructed in SNPViz 2.0 is dynamic which you can click the 

nodes to expand or collapse the sub tree under that node. If there are children nodes 

underneath, the node will be colored in steel blue, otherwise, the node will be displayed 

as a hollow. Click the steel blue node then we can view the sub tree underneath that node. 

When click again, the expanded sub tree will be collapsed back together. And all of the 

sub node nucleotides sequences will be combined into one by the IUPAC format in Table 

4. To help user identify interesting sub trees, we put a sub tree node count after the node, 

for example “node4 (5)” stands for there are 5 children under node4. 	  

UPAC	  nucleotide	  code	   Base	  
R	   A	  or	  G	  
Y	   C	  or	  T	  
S	   G	  or	  C	  
W	   A	  or	  T	  
K	   G	  or	  T	  
M	   A	  or	  C	  
B	   C	  or	  G	  or	  T	  
D	   A	  or	  G	  or	  T	  
H	   A	  or	  C	  or	  T	  
V	   A	  or	  C	  or	  G	  
N	   any	  base	  

 

Table 4: IUPAC Nucleotide Code	  
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Figure 15: Gray Scale SNPViz Result	  

 

Figure 16: MultiColor Scale SNPViz Result	  
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Figure 17:	  Red Green Blue Yellow Scale SNPViz Result 	  

	  

2.5 Software Testing  

2.5.1	  Verification	  

SNPViz is designed for the use of analysis of whole genome sequence single nucleotide 

polymorphism (SNP) datasets for haplotypes of user-defined gene regions for different 

sequenced genomes. In the version 2.0, it returned a cluster tree based on the sample 

sequence similarity and totally get rid of the Java Applet Security issue. User can specify 

region by selecting chromosome number and enter start and end position, which shows 

that SNPViz 2.0 satisfies the original expected requirements. 
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2.5.2 Validation   

There are three aspects we need to validate:  

1) Whether the fetched sample sequences is identical from the information in database. 

 2) Whether the constructed tree structure matches the raw result from clustalw.  

3) Whether the navigation features function as the way it was designed.  

For the first one, we took the input in Figure 11 as instance for validation. We take the 

input region and fetch data in MYSQL. We concatenate the nucleotides in each position 

for all samples and get the result in Figure 18. As you can see, the sample sequences in 

Figure 15, 16 and 17 match the nucleotides sequences in database. 

	  

	  

Figure	  18:	  User	  Specified	  Region	  Nucleotide	  Sequences	  In	  Database	  
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Secondly, to make sure the tree structure is correct, we run it again and get the phylogeny 

tree file as in Figure 19. Compared with the result in Figure 15, 16, 17, the tree structure 

matches with the nodes hierarchy in the file. 	  

	  

Figure 19: Cluster Tree Structure In Original Result File	  

Last but not least, we need to validate the navigation features about the constructed tree. 

Click the zoom in button, the tree is enlarged and we are able to see the sequences in 

detail. Click the zoom out button, the tree is shrunk and we are able to see the whole tree 

structure. And click the reset button, the tree is set back to the original size. The last part 

we need to validate is the brush that is under the information table. The brush range is 

supposed to be from the user input start to the end position, which we can see is correct 

from the result image. When we drag around the brush, only the positions in the selected 

region will be displayed in the table. Thus the last feature is also implemented in the 

designed way.	  
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3 Weighted Gene Co-Expression Network Analysis 

	  

3.1 Background 	  

Gene co-expression networks are becoming increasingly important when it comes to 

modules detection. The network construction is conceptually straightforward: each node 

represents a gene, and each edge represents the connection between the two 

corresponding genes. Depending on how to define the connection value for each edge, 

there are two types of network. The first one is un-weighted network where the 

connection either exists or not, which means the value for the connection is either 1 or 0. 

Intuitively speaking, it is very easy to understand and accept. But there are some 

drawbacks of un-weighted network, which we will talk in the methods section. At the 

same time, representing an edge with a binary number is implausible to be biologically 

meaningful. The second network type is weighted network where the connection value 

can be any value between 0 and 1. In this project we constructed weighted network with 

power function as the soft threshold adjacency function. And we used scale free topology 

criterion to choose power function parameter beta since that would lead to a very robust 

network which shows almost no degradation to random nodes fail.	  

3.2  Architecture and Development	  

There are three parts in the WGCNA analysis in Differential Expression Browser. Firstly, 

use the fold change and p-value threshold to filter the differential expression datasets and 

get a gene list. Secondly, generate RPKM, Read Count or other type gene expression 
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profile and run WGCNA analysis on it. Last but not least, display detected modules on 

the website and construct network for each module. The procedure and file 

interconnection in detail are in the Chart 5. 	  

	  

Chart	  5:	  WGCNA	  Process	  Flow	  Chart	  
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3.3 Methods	  

To detect modules from the original gene expression profile, there are four steps 

implemented in the WGCNA R package ([7] , [10] ) as in the Chart 6.  

1) Construct the gene co-expression similarity matrix from the raw expression profiles by 

using the absolute value of Pearson Correlation Coefficient. For instance there are two 

genes “Glyma06g45700.1” and “Glyma17g37060.1” and their corresponding expression 

profiles are stored in two vectors X and Y. The similarity between X and Y can be 

calculated in the formula as Formula 2. 

	  

Formula 2: Pearson Correlation Coefficient 	  

2) Convert similarity matrix to adjacency matrix.  

Here we chose power function as in Formula 3, and it is a soft threshold adjacency 

function because it will lead to a robust network against accidental failures [8]. We pick 

the first beta that lead R2, linear regression model fitting index, to be greater than 0.8. 	  

	  

Formula 3: Power Function	  

3) Construct node similarity matrix based on the adjacency matrix  

In this project we chose TOM (topology overlapping measure) as the similarity 

measurement to define node similarity in terms of their relative interconnectedness.	  
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4) Identify modules by average linkage hierarchical clustering.  

	  

Chart	  6:	  WGCNA	  Method	  Flow	  Chart	  

3.4 Results and Discussion	  

In this project we used the R package WGCNA (weighted gene co-expression network 

analysis) to analyze gene network and detect modules. As we talked in the methods 

section, there are four steps we need to implement. Firstly, we used soybean microarray 

data “SoybeanMicroarray.csv” as the gene expression profile data. There are 27 

expression columns in this file and each column is independently measured. We 

constructed its gene co-expression similarity matrix using the absolute value of Pearson 

Correlation Coefficient. Secondly, we need to find an appropriate beta value for the 

power function in scale free topology criterion. In this project, we did the experiment in a 
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beta array (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20). The scale free topology model 

fit index R2 verse beta is as Figure 20 and the mean connectivity verse beta is as Figure 

21. From Figure 20 we can see there are two beta values whose corresponding R2 is 

greater than 0.8 and they are 18 and 20. From Figure 21, we can see mean connectivity 

monotonically decrease as beta increase. Therefore we chose 18 as the beta value. 	  

 

Figure 20: Scale Free Topology Model Fit Index R2 Verse Beta	  

 

Figure 21: Mean Connectivity Verse Beta 
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After we get the beta value, we convert similarity matrix to the adjacency matrix. And 

from adjacency matrix we get the topology overlapping matrix. Then we convert TOM 

similarity matrix to dissimilarity matrix by using d[i,j] = 1 - w[i,j]. In the end, we run the 

average linkage hierarchical clustering on the dissimilarity matrix and generate the 

dendrogram as Figure 23. Clusters are defined by cutting braches off the dendrogram. In 

this project we used a constant height cutoff value 0.95. All of the nodes from the same 

root after cutoff will be in the same module. Corresponding to the dendrogram, they will 

be in the same color except for gray, since gray is the color reserved for genes that don’t 

belong to any module. As we can see in the image, there are 5 modules detected which 

are corresponding to five different colors: turquoise, blue, gree, yellow and brown. The 

detailed node information like node name (GeneID) and node attribute (color) are listed 

in nodes.txt. And the detailed edge information like fromNode(one node in the edge), 

toNode(the other node in the same edge), weight(connection value for the edge) are listed 

in edges.txt generated by the program. 

 

	  

Figure 22: Status Bar For WGCNA Network Building	  
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Figure 23: Topological Overlap Plot for the Weighted Network Based on beta = 18	  

After we got the detected modules, there will also be a button “Construct Network for 

Each Module” right below the cluster image. Since it takes some time to construct JSON 

files for the network, we added a progress bar to tell user what is going on.	  

Each color represents a module and thus, there will be a network for each color like 

Figure 24. There are three tools added to the constructed network, which we will talk in 

detail below. 
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The first feature is breaking links, and it can be used to filter out the edges whose 

expression values are lower than the customized threshold. We implemented this by a 

slider bar that you can drag to change the edge threshold to see how the network varies. 

By default the original link minimum threshold is 0, thus all of the edges will be 

displayed. And once you changed the threshold, the chosen threshold value will be 

displayed in red in the middle and the network will adjust itself to show only suitable 

edges. As you can see in Figure 25, the network is less crowded than the original network 

since all of the edges whose value less than 0.65 are removed from the network.  

The second feature is highlighting certain node, which you can see from Figure 26. This 

feature is designed to make the network view easier when we are only interested in a 

certain node in a huge messy network. Double click on a node and all other nodes will 

fade out except its direct neighbors. Double click the same node again will cancel 

highlighting effect. When you mouse over a node, the gene ID will appear upon cursor.  

The last feature is search by gene ID. When the network gets huge, it is barely possible to 

find a certain gene ID by looking at the node one by one. Thus, it is very useful and 

necessary to implement the search function. For the gene input textbox, we implemented 

jQuery auto complete feature, which enablea users to quickly find and select from a pre-

populated list of values as they type, leveraging searching and filtering. Once you type 

something in the search input box, all of the possible gene matches in the network will 

appear as a list, you can click to choose and then hit search to find that node. As you can 

see in the Figure 27, all of other nodes will fade out except the chosen node. And the fade 

out effect will gradually disappear to bring the network back to normal.	  
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Figure 24: Original Constructed Network	  

	  

Figure 25: Constructed Network With 0.65 as Edge Value Threshold	  
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Figure 26: Constructed Network While Direct Edges Display Only	  

	  

Figure 27: Search For a Specific Node By Gene ID	  
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4 Pop Select  

	  

4.1 Background	  

Soybean is a self-pollinated diploid and has 20 chromosomes. Same with other crops, the 

cultivar development and germplasm enhancement is the main concern in traditional 

soybean breeding. There are many important morphological traits that people would 

study and research in soybean breeding, such as maturity, pest resistance, yield, seed 

quality and so on. Each of those traits could be significant in certain situation. In fact, 

different traits might not be independent with each other and many times there are some 

relations between them. Thus even though we might find many desirable soybean traits, it 

is not possible to develop a variety that is superior in all traits [12]. Usually plant 

breeders choose their objectives and then focus on improving one or few traits at a time. 	  

There are three steps in soybean breeding usually [11]. Firstly, the breeders identify 

desirable changes in the variety like improvement in yield or seed quality, or stable 

production. And search for those plants that possess the desired traits. Secondly, 

intercross the selected parents, grow hybrid populations for four to five generations to 

allow genetic segregation and recombination while reaching allelic homozygosity. There 

are multiple cross types, a very simple and is also widely used by many breeders is called 

two-parent cross or biparental cross. It is also referred to as single cross, is made, P1 X 

P2, 50% of the genes in the segregating population will be form each parent. This would 

be the type of cross to make if the breeder believes that both parents have equal value and 
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adequate genetic potential. Last but not least, select and evaluate pure lines carried 

forward from each cross.	  

Breeding soybean, like other crops, is a long term and continuous process, and it is more 

expensive to conduct large and comprehensive soybean breeding programs. Thus the 

strategy to handle a mating scheme and a breeding population structure becomes critical 

in providing increased potential for genetic superiority, while proper selection and 

resource management help in improving plant breeding efficiency and success rate. The 

emergence of Marker-assisted selection (MAS) promotes soybean breeding in a large 

scale [13].	  It has the ability to accomplish certain objectives more efficiently or even 

exclusively using MAS. Progress in mapping and identifying molecular markers 

associated with many agriculturally important traits provides the foundation for MAS in 

soybean. A major factor that made MAS feasible is the development and extensive 

utilization of PCR-based markers, particularly SSRs and SNPs. 	  

4.2 Architecture and Development	  

Pop select have multiple outputs, mainly in the form of images, tables and charts. The 

chromosome picture representation image is constructed in Javascript canvas and other 

charts are constructed in open flash chart, which is an open source library. Whenever the 

web page is downloaded is the user side, open flash chart will send request to the server 

for the chart data. The server will send the data and generate a specific chart for that 

request. And it is very convenient to set up. Only two steps are needed. Firstly, include 

open flash chart in the HTML. Secondly, provide data file on the server and the data file 

could be PHP, Perl, Python, Java or just a text file. In the Pop Select case, since the charts 



	  

	   39	  

data are dynamically calculated or pulled from database, we use PHP file to store the 

data. We used a JQuery UI plug in (https://jqueryui.com/) as the main Pop Select style.	  

The flow chart is as Chart 7.	  

	  

Chart7: Flow Chart for Pop Select Process	  

4.3 Introduction	  

Pop Select is a tool to analyze population data in the user specified region, and score all 

offspring based on user entered parent type. It would help breeders to identify the 

offspring that achieve top scores in nucleotides matching. And then they can do further 

research on the top offspring calculated from this tool and generate hypothesis or find 

interesting traits. 	  
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Next we are going to introduce the Pop Select interface and how to use it. As you can see 

in the Figure 28, Pop Select main user interface have four parts.	  

	  

Figure 28: Pop Select Main User Interface	  

The first part of the user input is datasets. We provide four datasets but they are all 

private data. 250 Total Chi Square and 500 Total Chi Square came from “Henry Nguyen 

Lab”.  NAM for Population 46 and Williams X Essex came from “Kristin Bilyeu Lab”. 

Only the users with corresponding permissions can log in and view those datasets. If you 

want to analyse your own dataset with this tool, you can click the last button and upload 

your data from local. The program only accepts certain format data file. New user can 
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click the file format link to view the upload file requirement details as Figure 29. User 

can also click the close button to close the file format display. If wrong format file is 

uploaded, then error message “Sorry you can only upload text file as input!” will appear 

to ask you to change file. If the file format is correct and also pass all the other file 

inspections, then the program will display “Uploaded Successfully!” and run data 

analysis on this dataset. And currently the maximum file size user can upload is 100M.	  

	  

	  

Figure 29: Upload File Format	  

Similar to eFP Browser introduced earlier, we also have gene version control in Pop 

Select. The other option right next to the gene version control is called “top result” which 

is used to control offspring ranking result. We have two options top 5 or top 10 currently. 

Under the datasets part, there are 3 kinds of SNP range input which are Chromosome 

Range, Gene Range and Traits. The first one take chromosome number, start and end 

position, parent mode and score ranking as input. The second one take gene name, 

extension range, parent mode and score ranking as input which you can see in the Figure 
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30. There are two buttons to add more input, “Add Criteria” for chromosome range and 

“Add Gene” for Gene Range. After you click those buttons, a new empty row will appear 

as checked. You can just check and uncheck criteria records to switch between different 

criteria options, that way you don’t need to keep inputting the same criteria repeatedly. 	  

	  

Figure 30: Chromosome Range and Gene Range Input	  

The last one which is traits is a little bit different with the first two. Instead of entering 

ranges by yourself, you can use the ranges in a chosen trait. This part is done by AJAX 

where you can only refresh the trait display division without reloading the whole page. 

For instance, when you click “REPROD-PERIOD”, all of the ranges in this trait will be 

displayed as Figure 31. You can choose multiple traits. Only NEMATODE, OIL, 

FUNGAL, OTHER-SEED, LEAF-STEM, INSECT, WHOLE-PLANT, INORGANIC,  

PROTEIN, POD, REPROD-PERIOD, MISC, ROOT, VIRAL, YIELD are available to 

the public. If user want to use the rest of the traits, they need to have permission to 

“Henry Nguyen Lab” data.	  
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Figure 31: Trait Input	  

There are some user input checking in the front end. Firstly, user have to choose one 

dataset or upload his own dataset. Secondly, the maximum total number of input criteria 

is 10. Thirdly, start position, end position and score ranking have to be a number. And the 

end position should be greater than the start position. Score ranking should be a number 

between 1 and 100. Otherwise, the corresponding alert boxes will pop up as Figure 32. 	  
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Figure 32: Alert Boxes For Invalid User Input	  

4.4 Score Scheme 

4.4.1 Single Criterion 

We allow user to input at most 10 criteria while designating weight for each criterion. We 

rank the offspring by the overall score from all criteria. Thus defining score scheme for a 

specific criterion is required before we can come up with the overall score scheme. We 

will illustrate it by an instance below. For example, say there are 10 positions in a user 

input criterion. We name positions as Pos1 Pos2……Pos10, name parent as P1 P2 and 

name offspring as O1 O2 …… O5 (suppose there are only five offspring in the user 

chosen dataset) as in the table below. According to the user input parent type we decide if 

an offspring should get the score from this position or not. If the offspring should get the 

score we color its background in green, otherwise we color it in red. After finish scanning 

10 positions we add up the scores got from all positions for each offspring. The score 

scheme depends on user chosen parent type. And the score scheme for parent1, parent2 

and heterozygous are displayed in Table 5, Table 6 and Table 7 as below. The final score 

are colored in yellow. 
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Position	   P1	   P2	   O1	   O2	   O3	   O4	   O5	  
Pos1	   A	   B	   A	   A	   B	   B	   H	  
Pos2	   A	   B	   B	   A	   B	   A	   H	  
Pos3	   A	   H	   A	   A	   B	   B	   H	  
Pos4	   H	   A	   B	   H	   B	   A	   A	  
Pos5	   A	   H	   A	   B	   B	   B	   B	  
Pos6	   B	   A	   A	   H	   H	   H	   B	  
Pos7	   A	   B	   B	   B	   A	   H	   B	  
Pos8	   H	   B	   B	   B	   H	   B	   B	  
Pos9	   A	   H	   H	   A	   B	   A	   B	  
Pos10	   A	   B	   B	   A	   B	   B	   B	  
                  Score	   3	   6	   2	   2	   1	  

 
Table 5: Score Scheme for Single Criterion in Parent1 Mode 

Position	   P1	   P2	   O1	   O2	   O3	   O4	   O5	  
Pos1	   A	   B	   A	   A	   B	   B	   H	  
Pos2	   A	   B	   B	   A	   B	   A	   H	  
Pos3	   A	   H	   A	   A	   B	   B	   H	  
Pos4	   H	   A	   B	   H	   B	   A	   A	  
Pos5	   A	   H	   A	   B	   B	   B	   B	  
Pos6	   B	   A	   A	   H	   H	   H	   B	  
Pos7	   A	   B	   B	   B	   A	   H	   B	  
Pos8	   H	   B	   B	   B	   H	   B	   B	  
Pos9	   A	   H	   H	   A	   B	   A	   B	  
Pos10	   A	   B	   B	   A	   B	   B	   B	  
                  Score	   6	   2	   3	   3	   5	  

 
Table 6: Score Scheme for Single Criterion in Parent2 Mode 

Position	   P1	   P2	   O1	   O2	   O3	   O4	   O5	  
Pos1	   A	   B	   A	   A	   B	   B	   H	  
Pos2	   A	   B	   B	   A	   B	   A	   H	  
Pos3	   A	   H	   A	   A	   B	   B	   H	  
Pos4	   H	   A	   B	   H	   B	   A	   A	  
Pos5	   A	   H	   A	   B	   B	   B	   B	  
Pos6	   B	   A	   A	   H	   H	   H	   B	  
Pos7	   A	   B	   B	   B	   A	   H	   B	  
Pos8	   H	   B	   B	   B	   H	   B	   B	  
Pos9	   A	   H	   H	   A	   B	   A	   B	  
Pos10	   A	   B	   B	   A	   B	   B	   B	  
                  Score	   3	   4	   3	   6	   5	  

 
Table 7: Score Scheme for Single Criterion in Heterozygous Mode	  
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4.4.2 Overall 	  

The score scheme above is how to calculate score for one criterion. However, user could 
enter multiple criteria, which means we need to calculate an overall score from separate 
scores. For instance, user entered 5 criteria as below:	  

	  

Criteria	   Score 
Ranking	  

Criterion Weight	   Single Criterion 
Score	  

Criterion1	   80	   80/(80+90+100+30+70) = 22%	   Score1	  

Criterion2	   90	   80/(80+90+100+30+70) = 24%	   Score2	  

Criterion3	   100	   80/(80+90+100+30+70) = 27%	   Score3	  

Criterion4	   30	   80/(80+90+100+30+70) = 8%	   Score4	  

Criterion5	   70	   80/(80+90+100+30+70) = 19%	   Score5	  

	  

Table 8: Score Scheme for Overall Score	  

	  

Overall Score = 22% * Score1 + 24% * Score2 + 27% * Score3 + 8% * Score4 + 19% * 
Score5	  

       	  

4.5 Results and Discussion	  

In the result page, there are four tabs which are Chromosome Picture Representation,  

Criteria Weights Pie Chart, Top Offspring Bar Chart, Top Scores and Nucleotides. If 

there is no data found in a certain criterion, a message in red will be displayed on top. 

Right next to the message there is a download button, which you can click to download 

all of the tables generated as a zip file as in Figure 33. For the other output like charts and 

images, use will need to download them separately.	  
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Figure 33:  Pop Select Results Top Part	  

	  

The first tab is as Figure 34. According to the entered criteria, corresponding regions will 

be colored and the color scheme is on the right side. We set opacity to be 0.3 in the 

colored regions so that the background chromosome won’t be totally blocked. By doing 

that users can see the chromosome centromere locations to know where the region is 

roughly. Below the image there is a download button, which you can click to download 

the image as PNG file for later use.	  

	  

Figure 34: Chromosome Location Graph	  

The second tab is as Figure 35. In this tab, a pie chart is constructed based on the entered 

criteria. There are three possible criterion types: Chromosome Range, Gene Range and 
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Trait. In the pie chart, each criterion is labeled with criterion type and other details. When 

you mouse over, the corresponding criterion weight will appear upon cursor. There is a 

criteria table below the chart. You can click the “Download criteria” or “Save Chart” 

button to save the table or chart for later usage. 	  

	  

Figure 35: Criteria Weights Pie Chart	  
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The third tab, as in Figure 36, is Top Offspring Bar Chart. The first part is the description 

about how the overall score and separate scores are calculated. The second part is the bar 

chart generated by the program in open flash chart. Upon mouse over, offspring name 

and score value will appear. The third part is a description table and two download 

buttons to download the results separately.	  

	  

Figure 36: Top 5 Offspring Bar Chart.	  
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In the last tab “Top Scores and Nucleotides” as in Figure 37, there are three categories: 

Top Score count, Top Scores and Top Score Offspring Nucleotides. In this tab, we chose 

all of the offspring as long as its score is greater than the fifth score. There could be 

multiple offspring having the same score and the Top Score Count table will describe the 

offspring number for each score. Top Scores category will show you the exact score for 

the offspring in each criterion. The table can be roughly divided into two parts. The left 

part is about the criterion details and the right part is about the scores. When you mouse 

over a score from single criterion, an explanation about what does the score mean will 

appear. For instance, when you mouse over 106 for offspring ARS0103 in criterion1, a 

description “In criterion1 there are 106 positions match heterozygous among 107 SNP 

positions” . When you mouse over an overall score, an explanation about how the 

program calculated this score will appear. For instance, when you mouse over offspring 

ARS0103 overall score 30.25, a description “106  X 25%  + 0 X 25%  + 0 X 25%  + 0 X 

25% ” will appear. In the third category “Top Score Offspring Nucleotides”, you will see 

a table about top score offspring nucleotides. The first five columns are criterion number, 

chromosome number, position, parent 1 nucleotide and parent2 nucleotide. The columns 

after are the offspring nucleotides. And their backgrounds are colored in blue if it has the 

same nucleotide with parent1. If it has the same nucleotide with parent 2, its background 

will be red.  	  

In all of the categories, we have a download button to save the displayed table. In the 

second and third categories, besides the download buttons for the tables currently 

displaying on the webpage, there are also buttons to download all scores and all offspring 

nucleotides. This would be useful when user need to view the whole score distribution.	  
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Figure 37: Top 5 Score Offspring.	  
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Conclusion and Future Work	  

Those tools added new analysis functionalities to SoyKB which would help soybean 

researchers to visualize, analysis their data and generate hypothesis. However, there are 

still a lot of work we can do to make these tools more robust and useful. The eFP browser 

will enable users view data in pictographic way but currently we only added 16 

transcriptomics datasets. And there are many other data types in SoyKB except 

transcriptomics data we can include to eFP browser. For SNPViz 2.0, there are a lot of 

improvements compared with SNPViz 1.0 like adding NJ method, adding RGBY color 

scheme and constructing dynamic tree. However, when user input a large region and that 

might slow down the program. We need to optimize the code to improve the efficiency 

and also add save function for the constructed cluster tree. In WGCNA, we chose 18 as 

the beta value in the soft threshold power function from our experience. But it might not 

be very precise due to the variance of each dataset. We will come up with a function to 

automatically pick the most suitable beta value based on the balance of scale free 

topology criteria and mean connectivity. In the cluster detection procedure, we chose a 

constant height cutoff value which is very common but also inflexible. Ideally, we should 

choose the height cutoff value dynamically for each dataset. The dynamic height cutoff 

algorithm is time and computational resources consuming since it called functions 

recursively [9]. In the future, we would try to incorporate that algorithm into the current 

analysis to see how that would affect the module detection performance. For Pop Select, 

we completed most of the features and functions we planned to. But all of the SNP 

datasets we have access to are too sparse to come up with a good user case. Thus we need 

to find more suitable datasets to be able to extend the usage of Pop Select.	  
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