CHAPTER 1. INTRODUCTION
1.1  Graphical User Interface (GUI)

Graphical User Interfaces (GUIs) were born in this high-tech era in response to
users demands for computers being easy to use and understand. Those in the Windows
series are currently the most widely known and used GUI applications. Compared with
traditional DOS and UNIX systems, GUI applications have been better received by the
lay public for their visibility, ease of use, intuitable operation, and so on. The user
interface (Ul) is typicaly employed for two purposes. displaying information and
acquiring information. By clicking on one or more command buttons, the user interacts
with a set of pre-written codes for a specific Ul, which allows the user to dictate program
flow in an event-driven manner. For instance, a user may key some data, select any of a
number of menu options, or click the mouse somewhere in the application window.
These user actions are all regarded as events and typically result in particular program
codes in the Ul being executed. How program execution proceeds is therefore
determined by the sequence of user actions. A Ul can vary in style types, single
document interface (SDI) and multiple document interface (MDI) are most common, with
SDI being even more popular (1).

A Ul can be devised using programming languages such as Visua C++ and
Visual Basic. Microsoft’s Visual C++ provides a programming environment that is more
than just point-and-click like Visual Basic. Visua C++ involves the modification and
extension of the Microsoft Foundation Classes (MFC), a common application framework

and a class library that is not related to the development environment (1,2). Asaresult, a



Ul programmed using Visual C++ is capable of meeting a wider range of demands of the
user, compared with a Ul using Visual Basic.
1.2  Background on Agglomerative Algorithm and Dendrogram

As will be explained in depth below, our work centers on the generation of
dendrograms that illustrate distances among clusters of DNA sequences of different
bacteria by applying an agglomerative algorithm. An agglomerative algorithm produces
a hierarchy of nested clusterings in n-1 steps with n being the number of elements
contained in a data set (3). A new clustering is obtained at each step based on the
clustering produced at the previous step. In an agglomerative algorithm, starting with n
clusters, aggregations among the clusters are carried out according to their similarities or
dissmilarities.  The number of clusters decreases successively with progressing
aggregations and the procedure continues until the final clustering that contains a single
cluster is obtained.

There exist several measures for gauging similarities and dissimilarities between
each pair of elements contained in a data set. As one commonly-used measure, a metric
dissmilarity measure consists of n rows and n columns in a dissmilarity matrix
corresponding to an n-element data set. Off-diagonal value (i,j) in such an nXn matrix
indicates dissimilarities, or distances, between elements i and j. The minimal off-
diagonal value in a dissimilarity matrix corresponds to the two elements to be merged in
the next clustering step in an agglomerative algorithm. The weighted pair group method
average (WPGMA) algorithm, one type of agglomerative algorithm, was chosen for this
project (4). The off-diagona values from a dissmilarity matrix are substituted in the

following equation:



d(Cq, Cs) = % (d(Ci, Cs) + d(Cj, Cs)). (1)

Let Cq be formed by combining Ci and Cj. Now we need update the dissimilarity matrix
by removing the ith and jth rows and columns, respectively, and adding a row and a
column for Cg. The distance between newly formed cluster Cq and an old one Cs is
defined as the average of distances between Ci and Cs and Cj and Cs.

A dendrogram is an effective means of representing the sequence of clusterings
produced by an agglomerative algorithm. A dendrogram is caled a dissmilarity
dendrogram when a dissimilarity measure is used for its generation (3).

In our work, datum elements are composed of DNA sequences that were assayed
with the gel electrophoresis method and stored in data files. Each data file includes a set
of strings of bits “0” and “1” that represent DNA sequences of different bacterial
samples; each string is labeled as an isolate.  As shown in Figure 1, there are seven
strings and each was given an isolate name (i.e. abl, ab2, ab3, ab4, ab5, ab6, and ab7);
strings and isolates were used interchangeably in this report. Bit “1” denotes the
appearance of a certain DNA sequence and “0” denotes its absence. Our designed Ul
allows the generation of a dissmilarity dendrogram specific to each data file as
designated by the user with the use of the (WPGMA) algorithm. Using the example in
Figure 1, the initia dissimilarity matrix consisted of standard Hamming distances
between pairs of the seven isolates. Standard Hamming distance is a specia type of
weighted Hamming distance where the weight of each bit position is set to 1.0 and
therefore all bit positions are the same in importance. In general, weighted Hamming
distance is the sum of the weights associated with the bit positions that differ between a

pair of isolates; instead, standard Hamming distance indicates the number of bit positions



that differ. For example, isolates abl and ab2 differed in five bit positions; therefore, the
distance between the two was 5. In this initial matrix, the minimal distances were 0
between ab3 and ab6 and 2 between abl and ab5. As aresult, ab3 and ab6 and abl and
ab5 were the first to be merged in the clustering process as shown in the dendrogram.
Then, the WPGMA algorithm was applied to calculate distances between the two newly-
generated clusters and the rest three isolates (ab2, ab4, and ab7). Subsequently, new
dissmilarity matrices and clusters were generated (not shown). The process continued
until one single cluster was obtained. 1n the dendrogram, the numbers (i.e. 0, 2, 4, and 6)

displayed on the connecting lines denote standard Hamming distances between pairs of

isolates.
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Figure 1. A datafile of isolates and the derived dendrogram.
1.3  Goal and Objectivesof Our Work
The goal of this project is to design a GUI for analyzing, comparing, and displaying DNA
sequences of foodborne pathogens. Such a GUI performs tasks that are traditionaly

conducted by biologists, but does so in an efficient and efficacious manner. There are



several software packages [e.g. Statistica Analysis Software (SAS)] available for

dendrogram generation; however, to our knowledge, none is able to fully and specificaly

fulfill al the following objectives, which were accomplished in the current work.

1

Generating a dendrogram of DNA sequences based on information from a
designated datafile;

Displaying information and collapsing/expanding subtrees in the generated
dendrogram;

Finding uninformative and informative characters. Uninformative characters
are DNA sequences that exist in one subset of the isolates from a data file but
not another. Informative characters are DNA sequences that are common to a
subset of isolates from a data file or isolates that contain characteristic DNA

sequences for specific position indices.



CHAPTER 2. FUNCTIONS OF THE GUI
21  Dendrogram Generation

The “MFC AppWizard (exe)” project type provided by Visua C++, the most
commonly used project type in making GUIs, was chosen for workspace generation
(Figure 2). A workspace is a subdirectory where project files can be created by following
instructions that come with Visual C++. The current workspace was named “Work” in
which all programming was done. Single document interface (SDI) was the chosen
application type. Work.exe (344 kb in size), derived as a result of compilation, is the file
that is executable by users of the program and was saved under the “Release” directory.
The “Release” directory was created after compilation when the build configuration was
set to Win32 Release rather than Win32 Debug; Win32 Debug was used in debugging
when the source code was not yet complete. Of note, for work.exe to operate in all
Windows operating systems, the user must click on the option “Project Settings” from the
“Project” menu and select “Use MFC in a Static Library” for “Microsoft Foundation
Classes’ under the General tab.

Double-clicking on work.exe leads a user to the main document window of the
Ul. Clicking on the option labeled “Dendrogram” on the menu bar in the main document
window brings about a drop-down menu with five functional options (Figure 3). A
“NameDIg” dialog box, entitled “Input filename and get dendrogram,” (Figure 4) appears
after selecting the first option “Draw dendrogram” on the drop-down menu. The dialog
box instructs the user to enter or browse a data file name and to select his’her preferred
orientation of dendrogram by clicking on one of the four radio buttons that were

provided. The program starts running once the “OK” button is pressed.
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Figure 2. Workspace generation.
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Figure 3. Dendrogram drop-down menu.
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Figure 4. “NameDIg” dialog box.

The aforementioned functions were realized as a result of the following
programming procedures. 1. A new dialog box was created by choosing Insert|Resource
from the main menu in the workspace; the size of the box was adjusted. The edit box for
specifying file name and the radio button-type options for selecting the dendrogram
orientation were inserted from the Control Toolbar in Visua C++ (Figure 5). 2. The
Class Wizard was used to create a class for defining the diadlog box and to declare
member variables corresponding to the edit and radio button controls, respectively. The
edit control was given a member variable of the “CEdit” type, named “m_filename.” The
four radio button controls were linked with the member variable “m_DendoDirection”
that represents four different orientations. Tab order of the four radio button controls was

determined by choosing Layout|Tab in the workspace and then clicking the controls in



order from number 1 to 4 (Figure 6) 3. The Menu folder in the ResourceView tab was
selected and “Dendrogram” was added onto the menu bar. “Draw Dendrogram” was
added as the first option on the “Dendrogram” drop-down menu. 4. The function
“OnDrawDendo” was added in the Class Wizard (Figure 7). With the OnDrawDendo
function being chosen, the tab “Edit Code” was clicked so as to link the menu with
corresponding codes. 5. Source code was written for the dendrogram generation function

(Appendix A).

Figure 5. The Control Toolbar in Visual C++.

Figure 6. Tab order of the four radio-button controlsin the NameDIg dialog box.



Figure 7. “OnDrawDendo” function in the Class Wizard.

The program in the workspace takes the set of binary strings (bits “0” and “1")
from a data file as input. The strings are compared against each other bit by bit; the
number of bits that are different between all pairs of strings (the Hamming distance) is
entered in a distance matrix, which is used as the dissimilarity measure for the clustering
algorithm. The application of the WPGMA algorithm (4) generates a binary tree with
each leaf representing a binary string and being labeled as an isolate. Each of the nodes
in a tree has two pointers to its left and right subtrees; the node equals NULL if it is on
the level of a leaf. In addition, each node contains many useful variables, most
importantly, a value that represents the distance between its left and right subtrees and
two variables that denote its coordinates for the purposes of drawing the dendrogram.
Figure 8 illustrates the data structure (source code). This binary tree is then used to draw

a dendrogram from bottom up based on a post-order traversal. A predefined function
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“OnDraw” handles al drawing processes on the screen. As a result, a dendrogram is
drawn that illustrates the clustering of isolates. In other words, it represents
dissmilarities among the bacteria whose DNA sequences are stored in the same data file.

Please refer to Figure 1 as an example.

class DengramTreeNode

{

public:
DengramTreeNode* |eft;
DengramTreeNode* right;

int id; /I The unique identification number for the node
int index; //===index on original bitstring

Item dist; //====distance specifed in distance matrix

char name[ 20]; /lisolate name

char bit_array[MaxStringLength]; //isolate sequence

int X; /Ix and y coordinates
inty; /Ix and y coordinates

/I state: 0---normal, 1---highlight, 2---collapsed
int state; //

DengramTreeNode();
DengramTreeNode(DengramTreeNode & OldNode); //Copy constructor

/leach bitstring will be one DengramTreeNode

DengramTreeNode(size t i, BitString *astring); //index will be1, ith bitstring

DengramTreeNode(DengramTreeNode * Lnode, DengramTreeNode
*Rnode,Item distance);

//distance is the distance matrix entry for [Lnode->index][Rnode->index]

int Getlndex(){ returnindex;};
Item GetDist(){ return dist;};

bool IsLeaf(){ if(left==NULL&&right==NULL) return true;
else return false;}

};

Figure 8. Data structure for nodesin abinary tree.
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2.2 Event-driven Information Display and Subtree M anipulation

When there is too much information in a dendrogram, it is very cumbersome and
confusng to show it al on the screen. While detailed information need not be
permanently displayed in a dendrogram, such information should be retrievable when
required. For instance, the names of isolates and the distance values between subtrees in
a dendrogram will be shown on the screen after running the “Draw Dendrogram”
function. However, explanations of the meanings of the isolate names and distance
values are hidden and will be displayed only when the user clicks on a certain area near
those names and values (Figure 9). This is a so-caled event-driven information display

with the clicking in a specific area by the user being an event.

Figure 9. Explanatory information of isolate names.

For the same reason, minor subtrees in a rather complex dendrogram need to be
consolidated and the consolidated information should be expandable so that fine details
can be seen when necessary. Such a function, named “collapse” in the current program,
alows the user to manipulate which isolates/subtrees of a dendrogram to be displayed.
To fulfill this function, which is also event-driven, the user pinpoints the subtrees that
(s)he wants to collapse by selecting the cross point of those subtrees. Consequently, the
little rectangle around that cross point becomes black. The user can clear the selection by

again clicking on the same cross point, and the black rectangle will turn back to white.
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Only subtrees with a black rectangle at their cross point will be collapsed after the user
chooses the option “collapse” on the drop-down menu of “Dendrogram.” The subtrees
are collapsed into a leaf node, like an isolate, with a name “cluster” (Figure 10). A
hollow rectangular symbol appears at the cross point immediately above this “leaf”
indicating that subsequent subtrees have been collapsed. Clicking on the symbol expands
the subtrees. Additionally, several menu options were designed to make the operation
easier. The option “Select al points for collapsing” automatically selects all subtreesin a
dendrogram. The option “Deselect all points’ clears all cross points that are selected
either manually or by using the “Select all points for collapsing” option. Finaly, the

“Expand al” option expands al collapsed subtrees.

Figure 10. The collapsing of subtrees.

The functions of event-driven information display and collapse are both handled
by the function “OnLButtonDown” in the file “WorkView.cpp.” The OnLButtonDown
function was added from the Class Wizard. It handles all events that are triggered by left

clicking of the mouse in the main document. Areas that need be selected for information
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displaying and collapsing were defined as rectangles, “note_rect” and “collapse rect,” in
the OnLButtonDown function. Both types of rectangles were set dynamically according
to the coordinates of a dendrogram.

Areas defined by “note rect” are around isolate names and distances; left-button
clicking of these areas activates part of the OnLButtonDown function which displays
detailed explanatory information. Areas defined by “collapse rect” were set immediately
above the coordinates of each node, the left clicking of which leads to changes in the
state of a rectangle. A rectangle of the “collapse rect” type has three states. origina,
highlighted, and collapsed. The first click changes a rectangle from its origina state to
the highlighted state and a second click returns it back to the original. If the “collapse”’
option on the “Dendrogram” drop-down menu is chosen when a rectangle is in the
highlighted state, the function “OnCollapse” is called to collapse the subtrees under the
node that is represented by the rectangle, which is now in the collapsed state. One click
on the collapsed rectangle changes it back to the original state and subtrees are expanded.
2.3 Finding Uninformative and Informative Characters

As discussed, a dendrogram enables the user to manipulate the number and level
of clusters of isolates to be viewed on the computer screen. In some situations, certain
DNA sequences in a dendrogram may reflect very important biological functions of the
bacteria. The ability to locate these characteristic DNA sequences and to identify which
bacterial samples contain them will be of great practical importance. For instance,
identifying samples that have the same characteristic DNA sequences can help the user

better understand the relationship between the genetic properties and biological functions
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of certain bacteria. In this project, this function to locate specific DNA sequences or
isolates was characterized as finding uninformative and informative characters.

After a dendrogram and its containing isolates are displayed, choosing the option
labeled “UninforChar” on the menu bar in the main document window brings about a
drop-down menu containing two functional options (Figure 11). The first option is
named “Find (Un)informative Char,” the clicking of which activates a dialog box called
“(Un)informative Character” (Figure 12). With this dialog box, a user can accomplish
three functions. First, by entering one or more isolate names into the edit box labeled
“Group A” and “al” into the edit box “Group B” and then pressing “OK,” the user can
locate DNA sequences that exist in the strings of isolates specified in Group A but not in
any other isolates from the dendrogram. Second, the user can find DNA sequences that
exist in one subset of isolates but not in any strings of another subset. This function is
performed by entering a different combination of the isolates on the dendrogram into the
edit boxes Group A and Group B. There should be no overlap between the isolates in
Group A and Group B. DNA sequences identified with the first and second functions are
classified as uninformative characters. The third function is to search for a set of DNA
sequences common to a group of isolates or a subtree cluster of the dendrogram,
categorized as informative characters. In this case, two or more isolate names need be
entered into the edit box Group A while leaving Group B blank. Likewise, DNA
sequences common to a subtree cluster can be sought by entering al isolates that are
contained in the subtree as displayed in the dendrogram in the edit box Group A.

The second option “Find Uninfo2” on the UninforChar menu leads to a dialog

box labeled “(Un)informative character 2" (Figure 13). This option allows a user to
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specify the position indices of requested DNA sequences and then search for isolates that
contain such sequences. Isolates identified through this option are also classified as
informative characters.
The two dialog boxes were created in the same way as for creating the

NameDIlg dialog box in the section 2.1. Two functions “OnUninforChar” and
“OnUninTwo” were added in the Class Wiard, and they were linked with corresponding
codes (Appendix A). The OnUninforChar function separates the user’s input into
individual isolate names and then searches for bit strings in the data file that have such
isolate names. Once found, the strings are compared bit by bit and the location indices of
DNA sequences that are common in the strings are stored into an array, which is
displayed in a diadlog box on the screen as well as saved in a file named “ul.txt.”
Similarly, the OnUninTwo function separates the input into location indices of the
requested DNA sequences. Then, the function checks the string of each isolate for the
specified location indices and isolates that have bit “1” for all specified location indices
will be the output that shows in a didlog box on the screen and is also saved in a file
named “u2.txt.” The files “ul.txt” and “u2.txt” can be retrieved later by the user

whenever necessary.
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Figure 11. The “UninforChar” menu.

Figure 12. The “(Un)informative Character” dialog box.
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Figure 13. The “(Un)informative character 2" dialog box.
24  Auxiliary Functions

Scrolling and printing functions were installed in the current Ul. Scrolling was
added by changing the base class of the class “CWorkView” from “CView” to
“CScrollView” and by modifying the predefined functions “OnPrepareDC’ and
“OnlnitialUpdate.” Printing is accomplished via a four-step process. First, page size
information is retrieved by calling the predefined function “CDC::GetDeviceCaps’ and
stored in the variables “m_PageWidth” and “m_PageHeight.” Second, the size of a
document is obtained by calling “GetDocDimensions.”  Third, device coordinates,
returned by “GetDeviceCaps,” are converted using the function “DPtoLP” to logical

coordinates that are stored in the document. Finally, the number of pagesto be printed is
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calculated by dividing the document size by the page size, and the function “OnPrint” is

called for printing.
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CHAPTER 3. CONCLUSION AND FUTURE WORK
3.1 Conclusion

This project utilized Microsoft Visual C++ 6.0 to design a graphical user interface
(GUI) tool that is applied to render and manage dendrograms to help users understand the
clusters of a set of gene samples from foodborne pathogens. The current GUI, a single
document interface, was created in the Microsoft Foundation Class (MFC) Wizard
environment. The weighted pair group method average (WPGMA) agorithm, one type
of agglomerative algorithm, was applied for the generation of dendrograms with
information from data files containing strings of bits “0” and “1” that represent DNA
sequences of bacterial samples. Event-driven functions were installed that allow a user to
control the displaying and hiding of certain information as well as to collapse and expand
subtrees in a dendrogram as needed. This GUI can aso locate informative and
uninformative characters (characteristic DNA sequences) among subtrees in a
dendrogram. This function serves to help the user understand the relationship between
the genetic properties and biological functions of certain bacteria. Scrolling and printing
functions are also provided.
3.2  FutureWork

Our designed GUI would be further enhanced by efforts such as the following:

1. instalation of functional options such as “save’ and “open” would help the

user better manage discontinued or interrupted work;
2. the ability of saving a dendrogram as a PostScript or BMP image would be
useful to the user for such application purposes as preparing a dendrogram for

a presentation;
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3. for finding uninformative and informative characters, the ability of alowing
the user to choose isolates under a subtree by clicking on a certain areain the
dendrogram would be more convenient compared with manually entering
isolate names;

4. letting the user specify the name of an output file that contains uninformative
or informative characters instead of giving default names “ul.txt” and
“u2.txt.”

5. amenu option on the menu bar for access to an online user’s manual would be
helpful for novice users of the software;

6. searching dendrogram for patternsin isolate names and bit strings;

7. displaying partial or complete bit string information;

8. an“undo” function (e.g. recollapse a collapsed node);

9. adding the ability to switch between multiple, independent sessions (in each
session, the user can load a file, display a dendrogram, save and/or load a
dendrogram, etc.);

10. extending to nucleotide (DNA) and amino acid sequences,

11. reading and writing different I/O formats (e.g. BLAST).

21



References
1 Gilbert, S., McCarty, B. Visual C++ 6 Programming Blue Book. CORIOLIS
Technology Press, Scottsdale, AZ. 1998.
2. Gregory, K. Using Visual C++ 6. Que, Indianapolis, IN. 1998.
3. Theodoridis, S. Pattern Recognition. Academic Press, San Diego, CA. 1998.
4. Horton, 1. Beginning MFC Programming. Wrox Press Ltd, Birmingham, UK.

1997.

22



