Chapter Il

Running BLAST using SwingBlast

Introduction

In the last Chapter, we created the basic framework application called
swingBlast Version 1.3 using Swing libraries to manipulate user defined
nucleotide and protein sequences and prepare them for BLAST searches.
In this Chapter, we will add functionality to the application that enables
users to download sequences automatically from NCBI GenBank, submit
sequences for multiple simultaneous BLAST analyses, and save and view
BLAST results. To begin with, we will demonstrate how to use NCBI's
QBlast package to perform BLAST searches. We will then create an
application called JQBlast to demonstrate how to use theQBlast package to
run BLAST searches.

The NCBI QBLAST Package

NCBI provides a standardized API called URLAPI to formulate and
dispatch direct HTTP-encoded requests to the NCBI QBlast system. The
URLAPI provides a URL and a mechanism to set parameters that allows
users to send sequences for BLAST searches.

NCBI QBlast works through 4 steps:

1. The user provides BLAST parameters through a URL using
the HTTP POST method
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2. The QBlast service returns a Request Identifier (RID) and a
Request Time of Execution (RTOE, measured in seconds) for
the search, which provide respectively, a unique identifier for
the search operation and an estimate of the time required to
complete the search

3. The user queries the QBlast service with the RID through
HTTP GET method

4. The server sends back the result with a status value that
indicates the progress of the BLAST request

Users of the QBlast service should adhere to the guidelines provided by
NCBI when submitting large batch searches. In general, searches should
be performed in a sequential manner after receiving the RID and RTOE for
each submission. NCBI specifies that each request be submitted after a
pause of no less than 3 seconds to check on the status of the request using
the RID. Failure to do so may overload the server and force NCBI to block
offending users from further use of the service.

Strategy for Creating a QBlast Based System

The design of the NCBI QBlast service as described above stipulates the
need for a client application that performs the following operations:

1. Send search requests made by the user and check the status of
requests periodically

2. Perform the appropriate action based on the nature of the status value
that gets returned

QBlast may return one of three types of status values: "READY"
meaing that the search was completed successfully, "WAITING" meaning
that the search has not been completed and "UNKNOWN" meaning that an
error has been encountered during the BLAST submission and/or search
process. In UML terms, the user and the client application are actors that
interact with the QBlast system. The UML diagram below (Fig. 3.1)
depicts the use cases that encapsulate the basic functionality that is desired
of the system that we wish to create:
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1. User submits query sequence to the QBlast service
2. Application queries status of the BLAST search with a unique RID

3. Applcation returns results approriate to the status value

T

Submit query with parameters to Qblast Ser@

..

Query status with RID to QBlast service \

\\‘\_‘b‘—‘——\_

Client Application
Fig. 3.1. Use Cases for the QBlast service

In terms of the architecture of the application, we will provide a class
that will wrap the NCBI URLAPI into Java API that can be reused in other
applications. To fulfill these use cases, we will design the QBlast service
to implement 2 methods: submitQuery and querystatus (Fig. 3.2).

QBlast

+submitQueryParameters:Datatype):RIDRTOE
+queryStatus(RID: Datatype). Object

Fig. 3.2. Class QBlast

The oBlast class is our interface to the real NCBI URLAPI. From the
application point of view, it is totally transparent and is designed to be so
in order to accommodate and simplify future changes to the API (or, if
there is a need to adopt an entirely different API). This design ensures that
the framework we create remains usable even if the underlying API
requires changes. The submitQuery() method takes the BLAST
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parameters (specified through the gBlastParameter object) and returns an
object of type RequestIdentifier. The parameters needed to run the
BLAST search would be obtained from the user through the SwingBlast
GUI we created in Chapter 1. The RequestIdentifier is returned by the
QBlast service in response to the submitted request and contains the RID
and the RTOE for a specific search.

For the queryStatus method similarly, we will need 2 objects:
RequestIdentifier and QBlastResult. A UML diagram with these
considerations in mind is shown in Fig. 3.3.

QBlast

+submitQuery(parameter: BlastF ormParam eter) R equestidentifier
+ojueryStatus(rid: R equestidentifier): QBLastR esuit

Requestidentifier QBLastResult BlastF ormP arameter
-rick String -statusString
-rtoeint -result String

Fig. 3.3. UML class diagram showing the QBlast architecture

Designing the BLAST API

We will design our BLAST API to consist of 3 classes:

* Blast
. BlastManager

. BlastException
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We will define Blast as an abstract class, which means that it
represents an abstract concept, and therefore cannot be instantiated, but
can only be subclassed. An abstract class is declared using the keyword
abstract before the class keyword in the class declaration. In this case, for
example, we would declare the Blast class as shown below:

abstract class blast { .. }

We’ll describe this class in detail later in the Chapter. The
BlastManager class provides a mechanism to get an instance of the
abstract class Blast without having to worry about how to create the
instance by calling the static method (that we had earlier explained in
Chapter 2):

Blast blast = BlastManager.createBlast();

The BlastException class provides a mechanism for handling
exceptions thrown by any implementation when a failure or error occurs.
The RequestIdentifier class is a Java class, which provides what are
known as setter, and getter methods that provide information about the
request submitted to the Blast service. What are setter and getter methods?
In a class definition, private fields can be encapsulated so that the data
structure used can be changed at will without compromising the rest of the
code that uses that class. When the data structure is hidden, the way to
provide access to and/or modify the fields is through setter and getter
methods. For example, a class that has a field called result will provide a
setter method called setResult and a getfer method call getResult. The
RequestIdentifier class uses these methods as described above. The
structure of the application designed so far is shown in Fig. 3.4.
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SwingBlast2

I— org
\_ ifb

| blast
L Blast
——— BlastManager
L—— BlastException
L jgblast
——— JOBlast
L Requestldentifier

Fig. 3.4. Structure of the SwingBlast application

Description of Blast Classes

The Blast class extends the Observable class, which represents an
observable object, an instance of which can be observed for any changes
that occur to the object. When an observable instance changes (that is,
when an object that is being observed changes), the notifyObservers
method is called and causes the observer to be notified of the change by a
call to the observer’s update method. In this case, we want to observe the
Blast class for changes that occur during the process of submitting the
request and waiting for the result to be returned. We can then notify the
observers of the progress of the search, as well as when the results are
ready or if an error occurs.

The Blast class contains 2 abstract methods:
submitQuery()

and,

requestResult ()
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that respectively take one parameter each: a Java data type called Map
for the BLAST parameters, which stores sets of elements in the form of
key-value pairs, and the identifier for the identifier that is uniquely
associated with each BLAST search. Both methods return an object of the
respective type and throw an exception if an error occurs. The Blast class
is defined in Listing 3.1.

Listing 3.1. The Blast class
package org.jfb.blast;

import java.util.HashMap;
import java.util.Observable;

public abstract class Blast extends Observable {
public abstract Object submitQuery(Map parameters)
throws BlastException;

public abstract Object requestResult(Object identifier)
throws BlastException;

}

The way to initialize the BlastManager is to provide the full class name
of the implementation through a JVM system property called
‘blast.driver’. An example of how to provide our BLAST
implementation called org.jfb.jgblast.J0Blast to the BlastManager
via a JVM system property is shown below:

Java -Dblast.driver=org.jfb.jgblast.JQBlast

The class JoBlast must be declared in the Java classpath to be able to
be found by the Java classloader. The Java classloader is responsible for
loading a Java class when it is needed. The BlastManager class is
described in Listing 3.2.

Listing 3.2. The BlastManager class
package org.jfb.blast;

public class BlastManager {
private static String blastClass = null;
private static boolean initialized = false;

public static void register(Blast blast) {
blastClass = blast.getClass().getName();

}
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private static void loadInitialDrivers() {

final String driver =
System.getProperty("blast.driver");
if (driver == null)
return;
try {

System.out.println("BlastManager.Initialize:
+ driver);

Class.forName(driver);
} catch (Exception e) {

System.out.println("BlastManager.Initialize:
load failed: " + e);

loading

}
}
public static Blast createBlast() throws BlastException
{
if (!initialized) {
initialized = true;
loadInitialbrivers();
}
if (blastClass == null)
throw new BlastException("There 1is no driver
configured! "
+ "Please use blast.driver Java
property or Class.forName to load the driver class.");
try {

// In a multi thread environment we need to
make sure // that the class is loaded.

final Class aClass = (Class)
Class.forName(blastClass, true,
Thread.currentThread().getContextClassLoader());

return (Blast) aClass.getConstructor (new

Class{]{}).newInstance(new Object[]{});
} catch (Exception e) {
throw new BlastException(e);

}

The purpose of the register() method is to inform the BlastManager
which Blast implementation we want to use. This is done as follows:

public static void register(Blast blast) {

blastClass = blast.getClass().getName();
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Here, blast.getClass() returns an instance of  class
java.lang.Class. blastClass iS an instance of java.lang.Class and
blastClass.getName () Will return the real class name which, in this case
would be org.jfb.jgblast.JQBlast.

Let’s look at the loadInitialDrivers method below:

private static void loadInitialDrivers() {

final String driver =
System.getProperty("blast.driver");
if (driver == null)
return;
try {

System.out,.println("BlastManager.Initialize:
+ driver);

Class.forName(driver);
} catch (Exception e) {

System.out.println("BlastManager.Initialize:
load failed: " + e);

}

loading

}

When the locadInitialDrivers method is called, it gets the property
blast.driver from the system and if it is not null, calls the
Class.forName() method. At that point, BlastManager knows that a
Blast driver is registered and available, otherwise an exception is thrown
with an error message. Finally, the BlastException class handles any
exceptions that arise during the BLAST search (Listing 3.3).

Listing 3.3. The BlastException class
package org.jfb.blast;

public class BlastException extends Exception {
public BlastException() {
}

public BlastException(String message) {
super (message) ;

}

public BlastException(String message, Throwable cause)

super (message, cause);

}

public BlastException(Throwable cause) {
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super (cause) ;

Implementing JQBlast

We will now build the JoBlast application that allows users to send
multiple simultaneously BLAST queries using the classes we described
above. To implement the NCBI QBlast package, we just need to extend the
Blast class and provide an implementation of the methods as described
above. We will call the instance of the Blast class JoBlast as shown
below:

public class JQBlast extends Blast {
//implement Blast methods

}

We will create a file called gBlast. java to implement this code. It is up
to the developer of a Blast implementation to provide the code for those
methods. The developer must also register the Blast class to the
BlastManager class using a static statement that will be executed after
loading the class. A static statement is a piece of code that starts with the
Java keyword static and is followed by curly brackets (which, in this case,
holds the code that Iloads the Blast implementation called
org.jfb.jgblast.JQBlast). It is executed after the class is loaded in the
JVM:

public class JQBlast extends Blast {

static {
System.out.println("Registering " + JQBlast.class);
BlastManager.register(new JQBlast());

}
//implement Blast methods

}

The Blast engine provides a mechanism to specify the parameters for a
search (such as database type, BLAST algorithm type, E-value, etc.) and to
submit a sequence into a queue for the actual Blast operation. The above
design provides a way of accessing an instance of Blast, without the need
to know the mechanism by which the Blast operation is submitted or
performed. In this case, JoBlast is an implementation of the abstract
Blast class and that is the one that is instantiated by the BlastManager.
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When a Java class is loaded, the Java classloader will run all the static
statements first, so a JoBlast instance will be created and registered to the
BlastManager. Now to allow the classloader to load that class we need to
call the java classpath using the forName method from the class Cclass, as
shown below:

static {
try {
Class.forName("org.jfb.jgblast.JQBlast");
} catch (ClassNotFoundException e) {
e.printStackTrace();

}

Alternately, we can pass the Java class name to the JVM system
property using the Java —D option and the property name “blast.driver”,
if we don’t want to hard code the name of the Blast class we would like to
use in the code.

Java -Dblast.driver=org.jfb.SwingBlast.gblast.QBlast (..)

The property is then retrieved using the getProperty method as shown
below:

System.getProperty("blast.driver");

We pass the BLAST parameters to the submitQuery() method as
follows:

public Object submitQuery (Map parameters) throws
BlastException {
String urlapiQuery = createUrlapiQuery(parameters);
setChanged();
notifyObservers("Submitting the job to the server
with query\n"
+ urlapiQuery);
String queryResult = sendQuery(urlapiQuery);

if (queryResult == null) return null;
return parseOutReqId(queryResult);

The method createUrlapiQuery() within submitQuery() generates
the HTTP-encoded request containing the specified parameters (including
the sequence specified by the user (in this case, a test sequence
“AAGTCGATAGCTCGCGCGCCGGCCGTGAGGAAAARRAAAAR),
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CMD=Put&QUERY BELIEVE DEFLINE=yes&QUERY=%3E+Sequencel?¥7CDNA
%7C38+bp%0AAGTCGATAGCTCGCGCGCCGGCCGTGAGGAAAAAAAAASDATABASE=nr
&PROGRAM=blastn&EXPECT=0.001

The method is described below:

private String createUrlapiQuery(Map parameters) {
StringBuffer query = new
StringBuffer ("CMD=Put&QUERY_BELIEVE_DEFLINE=yes");
try {

query.append (" &QUERY=").,append (URLEncoder.encode( (String)
parameters.get("sequenceText"), "UTF-8"))

.append( "&DATABASE=").append( (String)
parameters.get("database"))

.append( "&PROGRAM=") .append( (String)
parameters.get("blastType"))

.append( "&EXPECT=").append( (String)
parameters.get("evalue”));

} catch (UnsupportedEncodingException uee) {
uee.printStackTrace();

}

return query.toString();

}

In this case, the method returns a String object containing the sequence
to be submitted for the BLAST search, the database to be searched against,
the BLAST program to be used and the cut-off E-value for the search.

The setChanged() method in submitQuery() is derived from the
Observable class and is used to keep track of changes in the status of an
object, in this case, Blast. The observable class notifies changes in states
of objects by calling the notifyobservers() method. In this example, we
will inform the user that a search job has been submitted (with the
message, "Submitting the job to the server with query”, and appends the
urlapiQuery string to it.

notifyObservers("Submitting the job to the server with
query\n" + urlapiQuery);

Next we send the query for BLAST using the sendQuery () method:

private String sendQuery (String httpQuery) throws
BlastException {
DataOutputStream printer = null;
URLConnection urlConnection;
ByteArrayOutputStream outputStream = null;
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try {

urlConnection = new URL(blastUrl).openConnection();

urlConnection.setDolInput (true);

urlConnection.setbDoQutput(true);

urlConnection.setUseCaches(false);

urlConnection.setRequestProperty("Content-Type",
"application/x-www-form-urlencoded");

urlConnection.setRequestProperty("Content-Length”,
+ httpQuery.length());

printer = new
DataOutputStream(urlConnection.getOutputStream());

printer.writeBytes (httpQuery);

(N1}

// Read the result
BufferedReader reader = null;
reader = new BufferedReader (new
InputStreamReader (urlConnection.getInputStream()));
outputStream = new ByteArrayOutputStream();
String str;
while ((str = reader.readLine()) != null) {
outputStream.write(str.getBytes());
}
} catch (MalformedURLException mue) {
mue.printStackTrace();
throw new BlastException(blastUrl +
} catch (IOException ioel) {
iocel.printStackTrace();
throw new BlastException("Could not get the
connection or write to it");
} finally {
try {
printer.close();
printer = null;
} catch (IOException ignore) {
ignore.printStackTrace();

is malformed");

}
}
return outputStream != null ? outputStream.toString()
null;

}

The sendQuery() method returns a String carrying the results of the
operation:

String queryResult = sendQuery(urlapiQuery);

We then parse the result (unless no hits were found) using the
parseOutReqId() method:

if (queryResult == null) return null;
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return parseOutReqld(queryResult);

The parseoutReqld() method parses the RID and RTOE from the
returned string which is of type:

QOBlastInfoBegin RID = 1097884888-2134-
17842894979.BLASTQ4 RTOE = 30QBlastInfoEnd

and returns the RequestIdentifier:

private RequestIdentifier parseOutReqId(String string) {
String rid = null;
String rtoe = null;

try {
RE regex = new

RE("QBlastInfoBegin(\\s*)RID(\\s*)=\\2(\\S*) (\\s*)RTOE\\2=\\2
(.*)QBlastInfoEnd");
boolean matched = regex.match(string);

if (matched) {
rid = regex.getParen(3);
rtoe = regex.getParen(5);

}
} catch (RESyntaxException ree) {
}
if (rid == null || rtoe == null)
return null;
return new RequestIdentifier(rid,
Integer.parseInt(rtoe));

}

Once we obtain the RID and RTOE, we wait for a period of time
specified by the RTOE before trying to access the results.

public Object requestResult(RequestIdentifier identifier)
throws BlastException {
if (identifier == null)
throw new BlastException("Cannot get the request
identifier");

setChanged();

notifyObservers("Getting from JQBlast Service the RID
" + identifier.getRid() + ") and RTOE " +
identifier.getRtoe() + ").");

// Wait the rtoe time before sending any request back
to the server

try {
long timeOut = identifier.getRtoe() +
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identifier.getTime();

if (timeOut > System.currentTimeMillis()) {
int timeLeft = ((int) (timeOut
System.currentTimeMillis())) * 1000;

synchronized (this) {
while (timeLeft > 0) {
wait(waitTime);
setChanged();
notifyObservers("Time left " + ((timeLleft
waitTime) / 1000) + "s before requesting the result");
}
}
}

} catch (InterruptedException ie) {
ie.printStackTrace();

}

setChanged();

notifyObservers("Requesting the result for rid:
identifier.getRid());

StringBuffer query =
StringBuffer("CMD=Get&FORMAT_TYPE=XML");

query.append("&RID=" + identifier.getRid());

String ri = query.toString();

String queryResult = null;
String status = null;

boolean hasResult = false;
int ct = 0;
RE regex = null;
try {
regex =
RE("QBlastInfoBegin(\\s*)Status=(.*)0BlastInfoEnd");
} catch (RESyntaxException ree) {

}

synchronized (this) {
while (!hasResult) {
status = null;
queryResult = sendQuery(ri);
boolean matched = regex.match(queryResult);

if (matched) {
status = regex.getParen(2);
}
hasResult = !"WAITING".equals(status);
if (hasResult) {
break;

new

new
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}

setChanged();

notifyObservers("Waiting " + NUMBER_OF_SECOND +

seconds before re-trying (total waiting time:
NUMBER_OF SECOND) + "s).");
try {
wait (NUMBER_OF SECOND * 1000);
} catch (InterruptedException iel) {
iel.printStackTrace();

}
}

}
if ("UNKNOWN"'.equals(status)) {

throw new BlastException("Result for
identifier.getRid() + " failed.");
}
setChanged();
notifyObservers("Getting back the blast
XML" ) ;
return queryResult;

}

"

+ (ct +=
RID " +
result in

The complete code for JQBlast. java is shown in Listing 3.4.

Listing 3.4. JQBlast.java
package org.jfb.jgblast;

import org.apache.regexp.RE;

import org.apache.regexp.RESyntaxException;
import org.jfb.blast.Blast;

import org.jfb.blast.BlastException;

import org.jfb.blast.BlastManager;

import java.io.BufferedReader;

import java.io.ByteArrayOutputStream;
import java.io.DataOutputStream;
import java.io.File;

import java.io.FileOutputStream;
import java.io.IOException;

import java.io.InputStreamReader;
import java.io.OutputStream;

import java.io.UnsupportedEncodingException;
import java.net.MalformedURLException;
import java.net.URL;

import java.net.URLConnection;

import java.net.URLEncoder;

import java.util.HashMap;

public class JQBlast extends Blast {
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static {
System.out.println("Registering " + JQBlast.class);
BlastManager.register(new JQBlast());

}

private static final String blastUrl =
"http://www.ncbi.nlm.nih.gov/blast/Blast.cgi";
private static final int NUMBER_OF_SECOND = 3;

public Object submitQuery(Map parameters) throws
BlastException {
String urlapiQuery = createUrlapiQuery(parameters);
setChanged();
notifyObservers("Submitting the job to the server
with query\n" + urlapiQuery);
String queryResult = sendQuery(urlapiQuery);

if (queryResult == null) return null;
return parseQutReqId(queryResult);

}
final static int waitTime = 2000;

public Object requestResult(Object identifier) throws
BlastException {
if (identifier == null || !(identifier instanceof
RequestIdentifier))
throw new BlastException("Cannot get the
request identifier " + identifier);

RequestIdentifier rIdentifier = (RequestIdentifier)
identifier;
setChanged() ;
notifyObservers("Getting from JQBlast Service the
RID (" + rIdentifier.getRid()
+ ") and RTOE (" + rIdentifier.getRtoe() +

n).n);

// Wait the rtoe time before sending any request
back to the server

try {
long timeOut = rIdentifier.getRtoe() +

rIdentifier.getTime();

if (timeOut > System.currentTimeMillis()) {
int timeLeft = ((int) (timeOut -
System.currentTimeMillis())) * 1000;

synchronized (this) {
while (timeLeft > 0) {
wait(waitTime);
setChanged() ;
notifyObservers("Time left " +
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((timeLeft -= waitTime) / 1000) + "s before requesting the

result");

}
}

} catch (InterruptedException ie) {
ie.printStackTrace();

}

// do a loop every 3 seconds send the request until

we get the status = READY and the blast result
// End of loop
setChanged();

notifyObservers("Requesting the result for rid:

rIdentifier.getRid());
StringBuffer query =
StringBuffer ("CMD=Get&FORMAT_TYPE=XML");
query.append("&RID=" + rIdentifier.getRid());
String ri = query.toString();

String queryResult = null;
String status = null;

boolean hasResult = false;
int ct = 0;
RE regex = null;
try {
regex =
RE("QBlastInfoBegin(\\s*)Status=(.*)QBlastInfoEnd");
} catch (RESyntaxException ree) {
// We ignore it since we've checked the
already!
}

Runtime runtime = Runtime.getRuntime();

synchronized (this) {
while (!hasResult) {
status = null;
queryResult = sendQuery(ri);

LI

new

new

regex

boolean matched = regex.match(queryResult);

if (matched) {
status = regex.getParen(2);

}
hasResult = !"WAITING".equals(status);
if (hasResult) {
break;
}
setChanged() ;

notifyObservers("Waiting
NUMBER_OF_SECOND
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+ " seconds before re-trying (total

waiting time: " + (ct += NUMBER_OF_SECOND) + "s). "
+ runtime.freeMemory() + " bytes
left");
try {
wait (NUMBER_OF SECOND * 1000);
} catch (InterruptedException iel) {
jel.printStackTrace();
}
}
}
if ("UNKNOWN".equals(status)) {
throw new BlastException("Result for RID " +
rIdentifier.getRid() + " failed.");
}
setChanged();
String fileName = createTempFileName();
try {
OutputStream outputStream = new

FileOutputStream(fileName) ;
outputStream.write(queryResult.getBytes());
} catch (IOException ioe) {
throw new BlastException("Saving result for RID
" 4+ rIdentifier.getRid()
+ " into " + fileName + " failed.",
ioe);
}
notifyObservers("Getting back the blast result in
XML " + queryResult.length());
return fileName;

}

private String sendQuery(String httpQuery) throws
BlastException {
DataOutputStream printer = null;
URLConnection urlConnection;
ByteArrayOutputStream outputStream = null;
String fileName = null;

try {
urlConnection = new
URL(blastUrl).openConnection();
urlConnection.setDoInput (true);
urlConnection.setDoOutput(true);
urlConnection.setUseCaches(false);
urlConnection.setRequestProperty("Content-

Type", "application/x-www-form-urlencoded");
urlConnection.setRequestProperty("Content-
Length", "" + httpQuery.length());
printer = new

DataOutputStream(urlConnection.getOutputStream());
printer.writeBytes (httpQuery);
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// Let's read the result

BufferedReader reader = null;

reader = new Buf feredReader (new

InputStreamReader (urlConnection.getInputStream()));

outputStream = new ByteArrayOutputStream();

String str;

while ((str = reader.readLine()) != null) {
outputStream.write(str.getBytes());

}

} catch (MalformedURLException mue) {
mue.printStackTrace();
throw new BlastException(blastUrl +

" is
malformed");
} catch (IOException ioel) {
ioel.printStackTrace();
throw new BlastException("Could not get the
connection or write to it");
} finally {
try {
printer.close();
printer = null;
} catch (IOException ignore) {
ignore.printStackTrace();
}
}

return outputStream
outputStream.toString();
}

private RequestIdentifier parseOutReqIld(String string)

null ? null

String rid = null;
String rtoe = null;

try {
// <l!--QBlastInfoBegin RID = 1097884888~

2134-17842894979.BLASTQ4 RTOE = 300BlastInfoEnd-->

RE regex = new
RE ("QBlastInfoBegin(\\s*)RID(\\s*)=\\2(\\S*) (\\s*)RTOE\\2=\\2
(.*)QBlastInfoEnd");

boolean matched = regex.match(string);

if (matched) {
rid = regex.getParen(3);
rtoe = regex.getParen(5);
}
} catch (RESyntaxException ree) {
// We ignore it since we checked the regex
already!
}
if (rid == null || rtoe == null)
return null;
return new RequestIdentifier(rid,
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Integer.parselInt(rtoe));

private String createUrlapiQuery(Map parameters) {

StringBuffer query = new
StringBuffer ("CMD=Put&QUERY BELIEVE_DEFLINE=yes");

try {
query.append("&QUERY=") .append(URLEncoder.encode( (String)

parameters.get("sequenceText"), "UTF-8"))
.append( "&DATABASE=").append( (String)
parameters.get("database"))
.append("&PROGRAM=") .append( (String)
parameters.get("blastType"))
.append("&EXPECT=").append( (String)
parameters.get("evValue"));
} catch (UnsupportedEncodingException uee) {
uee.printStackTrace();
}

return query.toString();

}

private String createTempFileName() {
return System.getProperty("java.io.tmpdir") +
File.separator
+ "blast-" + System.currentTimeMillis() +
".xml";

}

private static String packBy(int i, String s) throws
RESyntaxException {

String substIn = "[a-zA-Z]{" + i + "}";

String substTo = "$0 ";

RE re = new RE(substIn);

return re,subst(s, substTo,
RE.REPLACE_BACKREFERENCES) ;

}
}

Enhancing the SwingBlast Application

Let’s also take a look at the code that generates the GUI for the
application. The swingBlast Version 1.3 we created in the last Chapter is
shown in Fig. 3.5.
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SwingBlast Help
Sequence
Program JlastN BlastX IBlastX BlastP
Database
E-wvalue .00
| Clear

£ SwingBlast Version 1.3

Fig. 3.5. SwingBlast version 1.3

We will enhance swingBlast in a number of ways in this Chapter. In
particular, we will:

1.

Introduce a Format button to convert the entered sequence into
Fasta format. In the earlier version, the swingBlast application
required the user to lose focus away from the text area in order to
perform the formatting.

Add a Submit button to send sequences for BLAST searches.

Add code behind the BLAST programs (BLASTN, BLASTX, etc.)
so that checking the boxes will enable the user to run the
corresponding BLAST programs.

4. Add functionality to prompt the user to save BLAST search results.

We will call the resulting application swingBlast Version 2.1. We add
the button widgets we need for the swingBlast application as we did
previously.
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private JButton formatBtn;
formatBtn = new JButton("Format Sequence");

To place the button in the GUI, we use the Jpanel object:

JPanel panel = new JPanel();
panel.add(formatBtn});
seqPanel.add(panel, BorderLayout.CENTER);

To format a sequence, we first need to know when the text area is
populated with a sequence. To do this we implement an event listener,
which was explained in Chapter 2.

private void addListeners() {
formatBtn.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
// Check if sequence is DNA, RNA or protein
// Retrieve text entered in the text area
String sequenceText = sequencelrea.getText();

if (sequenceText == null || sequenceText.length()
LY O) {
cleanAllParameters();
return;
}
}
}
}

The cleanAllParameters() method clears the text in the text area and
disables the enableFunctions() method which checks the entered
sequence for type, that is, DNA, RNA or protein.

private void cleanAllParameters() {
sequenceArea.setText ("");
enableFunctions(-1);

}

Next, let’s add the code to format the input sequence. We will program
the format button to cause the sequence in the text area to be wrapped into
lines of 50 bases each and add a Fasta header at the top using the code
below:

private StringBuffer format(String sequence) {
int i1 = 1;
final int seqLen = sequence.length();
StringBuffer sb = new StringBuffer(seqLen);
if (seqLen > 50) {
char[] chars = sequence.toCharArray();
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We had described the logic to program the check boxes for the various
BLAST algorithms based on the input sequence earlier in Chapter 2. The
application at this stage appears as is shown in Fig. 3.6. Let's test the
application with a fragment of the human cystic fibrosis transmembrane
conductance regulator (CFTR) mRNA sequence (gi: 90421312) we had
described in Chapter 2. Compile and run the application and paste the

for (int j = 0; j < chars.length; j++) {
sb.append(chars[j]);

if (i++ % 50 == 0) {
sb.append("\n");
}

}
} else {
sb.append(sequence);

}

return sb;

sequence in the text area (Fig. 3.7).

< SwingBlast Version 2.1 9(i=1t3
SwingBlast Help
AATTGGAAGCARMTGACATCACAGCAGGTCAGAGAMAAGGGTTGA
GCGGCAGGCACCCAGAGTAGTAGG
TCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGAD
CCCAGCGCCCGAGAGACCATGCAGAG
GTCGCCTCTGGWGCCAGCGHGTCTCcmcm‘m‘rm
CTGGACCAGACCAATTTTGAGGARA

Sequence GGATACAGACAGCGCCTGGNUTGTCAGACATATACCMATCCL:\J

D

TCTGTTGATTCTGCTGACAATCTAT
CTGAMMAATTGGAAAGAGAATG GGATAGAGAGCTGGCTTCAAAG,

PAATCCTARBACTCATTAATGCCCT J
TCGGCGATGTTTTITCTGGAGATTTATGTTCTATGGAATCTTTTTA
ATTTAGGGGAAGTCACCAAAGCA =
Format Sequence
Program' [ ]BlastiN [ BlastX [] rotastX [ BlastP [ TRlastN

Fig. 3.6. SwingBlast Version 2.1

The formatted sequence is shown below (Fig. 3.7).
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< SwingBlast Version 2.1
SwingBlast Help

=Sequencel |DNA[420 bp
AATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAMAGGGTTGAGCGE
CAGGCACCCAGAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACG
GCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTS
GARAAGGCCAGCGTTGTCTCCARACTTTTTTTCAGCTGGACCAGACCAAT
TTTGAGGAMGGATACAGACAGCGCCTGGAATTGTCAGACATATAC CARA
Sequence oo CTTCTGTTGATTCTGCTGACARTCTATOTGAAAAATTGGAAAGAGAR
TGGGATAGAGAGCTGGCTTCARMGAAAAATC CTAMACTCATTAATGCCCT
TCGGCGATGTTTTTTCTGGAGATTTATGTTCTATGGAATCTTTTTATATT
TAGGGGAAGTCACCAAAGCA

Program [ |BlastN [(IBlastX [ TBlastX | | tlasi [ 10lasin

| Clear | Submit

Fig. 3.7. Fasta formatted DNA sequence

To align the Fasta format sequence properly, we had described the use
of a monospaced font earlier for the DNA alphabet:

final Font sf = sequenceArea.getFont();
Font f = new Font("Monospaced", sf.getStyle(),
sf.getSize());

sequenceArea.setFont (f);

An explicit monospace font such as Courier can also be used provided it
is installed on your machine. The application with the sequence formatted
in monospace font is shown in Fig. 3.8.
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= SwingBlast Yersion 2.1 Ej@@
SwingBlast Help

=Sequencel |DNA| 420 bp
BATTGGAAGCAAATGACATCACAGCAGGTCAGAGARALAGGGTTGAGCGE
CAGGCACCCAGAGTAGTAGSTCTTTGGCATTAGGAGCTTGAGCCCAGACG
GCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGLCTCTG
GARAAAGGCCAGCGTTGTCTCCAMACTTTTTTTCAGCTGGACCAGACCAAT
Sequence TTTGAGGARAGGATACAGACAGCGCCTGGAATTGTCAGACATATACCAAL
TCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAALATTGGAALGAGAL
TGGCATAGAGAGCTGGCTTCAAAGAARMATCCTAAACTCATTAATGCCCT
TCGGCGATGTTTTTTCTGGAGATTTATGTTCTATGGAATCTITTTATATT
TAGGGGAAGTCACCARAGCA

Format Sequence |

Program [ |BlastN [ |BlastX [ TBlast¥ | | “iaci0 | 1aiasi

‘ Clear || Submit

Fig. 3.8. Fasta formatting with a monospace font

Note that the application first checks if the sequence is in Fasta format
before applying the formatting. If a sequence that is pasted is already in
Fasta format, clicking the "Format Sequence" button does not have any
effect. The user can now select one or more of the available BLAST
options and hit Submit to run the search. Let’s run a search with the partial
CFTR sequence using BLASTN and BLASTX using SwingBlast 2.1 (Fig.
3.9).
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£ SwingBlast Version 2.1
SwingBlast Help

Secquencel |DNA| 420 bp

TTGGAAGCAAATGACATCACAGCAGGTCAGAGAARAMAGGGTTGAGCGE
CAGGCACCCAGAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACG
GCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTG
GAAMAGGCCAGCGTTGTCTCCAAACTTTTTTTCAGCTGGACCAGACCAAT
TTTGAGGAAAGGATACAGACAGCGCCTGGAATTGTCAGACATATACCAAL
TCCCTTCTGTTGATTCTGCTGACAATC TATCTCAARAATTGCARAGAGAL
TGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTARACTCATTAATGCCCT
TCGGCGATGTTT T TTCTGGAGATTTATGTTCTATGGAATCTTTTTATATT
TAGGGGAAGTCACCAAAGCA

Sequence

Format Sequence |

Program [v] BlastN [viBlastX [ TBlastX [ | Giasii [ i8lasi

| Clear | Submit

Fig. 3.9. Running a BLASTN and BLASTX search

We get a notification once each of the requested BLAST search is
complete as shown below for the BLASTN search (Fig 3.10). After each
analysis is complete, the application also prompts the user to save the
results of the search in a local text file (Fig. 3.11 - 3.12).

@ blastn BLAST for the sequence starting with >Sequence1|DNA|420 bp

AATTGGAA has finished!

Fig. 3.10. BLAST search status notification
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s | @ecEE

File Name: ﬁastn_ra sults.bd 1

Files of Type: | AllFiles |

Fig. 3.11. Saving BLAST results in a local file

Fig. 3.12. Saving BLAST results in a local file

Note that if a file of that name already exists, the application warns the
user and provides an option to overwrite the existing file or save it with a
different name (Fig. 3.13).

Saving BLAST Result

_ C:blastiblastn_results.txt already exists.
Do you want to overwrite?
To rename the file select "No™,

Fig. 3.13. Saving BLAST results in a different file
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This functionality is implemented within the saveBlast() function as
shown in Listing 3.5.

Listing 3.5. The saveBlast() function

private void saveBlast(String tmpFileName) {
final String fileNameFromUser = getFileNameFromUser();
if (fileNameFromUser == null)
return;

final File tmpFile = new File(tmpFileName);
final File userFile = new File(fileNameFromUser);
if (userFile.exists()) {
String errMes = fileNameFromUser + already
exists.\nDo you want to overwrite?\n" + "To rename the file
select \"No\".";

"

int choice = JOptionPane.showConfirmDialog(this,
errMes, "Saving BLAST Result", JOptionPane.YES_NO OPTION);
if (choice == JOptionPane.YES_OPTION) {

userFile.delete();
tmpFile.renameTo (userFile);
} else {
saveBlast (tmpFileName) ;
}
} else {
tmpFile.delete();
JOptionPane.showMessageDialog(SequenceForm2 2.this,
"BLAST result saved in " + fileNameFromUser);
}
}

If the user doesn’t want to overwrite an existing file, a new file name
must be supplied. This is implemented in the getFileNameFromUser ()
function described below (Listing 3.6).

Listing 3.6. The getFileNameFromUser() function

private String getFileNameFromUser() {
JFileChooser fc = new JFileChooser();
if (fc.showSaveDialog(this)
JFileChooser .APPROVE_OPTION) {
return fc.getSelectedFile().getAbsolutePath();
} else {
return null;

}

il
il

}
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The BLAST results can be viewed in their raw format (as saved in the
text file above) using a text editor (Fig. 3.14) for parsing to diplay the
results in a graphical format. The complete code for swingBlast version
2.1 is shown in Listing 3.7.

B blastn2.1xt - Notepad

Fle Edt Format Miew Help

7aml version="1.0"7><!|DOCTYPE Blastoutput PUBLIC "-//NCBI//NCBI BlastOutput/EN" A
‘nNeBI_Blastoutput. drd'><Blastoutput> <Blastoutput_programs>hlastn</Blastoutput_proarams:
<Blastoutput_version>blastn 2.2.10 [0ct-19-2004]</Blastoutput_version>
<Blastoutput_reference>~Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A.
schaffer, ~3inghui zhang, zheng Zhang, webb Millar, and pavid 3. Lipman (1967},
~&4quot;Gapped BLAST and PSI-BLAST: a new generation of protein database
search~programséquot;, Nucleic Acids Res. 25:3389-3402, </Blastoutput_reference>
<Blastoutput_dbenr</Blastoutput_db> <Blastoutput_guery-

10>gi| 6993995 | ref|NM_000492. 2| </Blastoutput _guery-ID> <B]ast0utput_auery-def:HUmo
sapiens cystic fibrosis transmembrane conductance regulator, ATP-binding cassette (sub-
family C, member 7) (CFTR), mRNA</Blastoutput_guery-defs <Blastoutput_query-
Ten=61l2%9</8lastoutput_query-len> <BTastOuTtput_params: <Parameterss:
<Parameters_expect>0. 00l</Parameters_expect> <Parameters_sc-match>l</Parameters_sc-
matchs> <Parameters_sc-mismatch>-3</Parameters_sc-mismatch> <Parameters_gap-
open:5</Parameters_gap-open: <Parameters_gap-extend>2</Parameters_gap-extends>
</Parameters> </Blastoutput_param> <Blastoutput_iterationss <Iterations
<Iteratfon_iter-nums>l</Iteration_iter-nums: <Iteration_hits: <HiT>
<Hit_nums=1</Hit_nums> <Hit_id=gi|6995995 | ref | MM_000492. 2| </Hit_id-
<Hit_def>Homo sapiens cystic fibrosis transmembrane conductance regulator, ATP-binding
cassette (sub-family C, member 7) (CFTR), mrma</Hit_defs

<Hit_accession=Nm_000492</Hit_accession> <HiT_len>61l29</Hit_len>

<Hit_hsps> <HSp> <HSp_num>1</Hs p_num> <Hsp_bit-

scorex12150.3</Hsp_bit-score> <Hsp_score>6l29</Hsp_score>

<Hsp_evaluex0</Hsp_evalues <Hsp_query-from>1< Hs&_juer‘y—frmy

<HSp_fjuery-to>612 ‘:/H‘SP_?UEP)«'—(O} <Hsp_hit-fromsl</Hsp_hit-Trom:

<Hsp_hit-to»6129</Hsp_hit-to> <Hsp_query-frames>l</Hsp_gquery-frame>
<Hsp_hit-frame>1</Hsp_hit-frame> <Hsp_identity»6129</Hsp_identity>

<Hsp_positive»6129</Hsp_positives <Hsp_align-Ten>6129</Hsp_align-len>

<HEP_05e0>AAT TGEAAGCALAT GAC AT CACAGC AGGTCAGAGAAMAAGEET TEAGCGELAGGCACCCAGAGT AGTAGGTCTTTGGCA
TTAGGAGCT TEAGCCCAGACGGCCCT AGCAGEEACCCCAGCGCCCGARAGACCATGCAGAGETCGCCTCTGRAAMAGGCCAGCGTTGTC
TOCAAACTTTT T T TCAGCTGLACCAGACCAATT T TGAGGAAAGGAT ACAGAC AGCGCCTGEAAT TGTCAGACATAT ACCARATCCCTTC
TETTEATTCTGCTGACAATCTATCTGAAAAAT TGGAAAGAGAATGGEAT AGAGAGCTGGCT TCAAAGAAAMATCCTAAACTCATTAATG
T T GG GATGT T T T TTCTGGAGATTTATGT TCT AT GEAATCTTTT TATAT T TAGGGGAAGT CACC AMAGCAGT ACAGCCTCTCTTA
CTGRGGAAGAATCAT AGCT TCCTATGACCCGGAT AAC AAGGAGGAACGLTCTATCGOGATTTATCTAGGCATAGGLT TATGLCTTCTCTT
TAT TG GAGEACAC T T T ACACCCAGCCAT T T TTGGOC T TCATCACAT TRGAATGCAGATGAGAAT AGCTATGTTTAGTTTGATTT

Fig. 3.14. Viewing saved BLAST results in text format

Listing 3.7. SwingBlast Version 2.1
package org.jfb.swingblast2;

import org.apache.regexp.RE;

import org.apache.regexp.RESyntaxException;
import org.jfb.blast.Blast;

import org.jfb.blast.BlastException;

import org.jfb.blast.BlastManager;

import org.jfb.jgblast.RequestIdentifier;

import javax.swing.*;

import java.awt.*;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.io.File;

import java.util.ArrayList;

import java.util.HashMap;

import java.util.Observable;

import java.util.Observer;

public class SwingBlast2_ 1 extends JFrame {
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private static final String APP_NAME = "SwingBlast";
private static final String APP_VERSION = "Version
2,1";

private static final Dimension LABEL_PREFERRED SIZE
new Dimension(57, 16);

private static final Dimension COMBO_PREFERRED_SIZE
new Dimension(60, 25);

private static final Dimension CP_PREF_SIZE = new
Dimension(480, 380);

il

private static final int TYPE_DNA 0
private static final int TYPE_RNA = 1
private static final int TYPE_PROTEIN = 2;

~ e

private static final String[] BLAST PROGRAMS_DNA = new
String[]{"BlastN", "BlastX", "TBlastX"};

private static final String[] BLAST PROGRAMS PROTEIN =
new String[]){"BlastP", "TBlastN"};

private static final Stringl[] DATABASES = new
String{]{"nr", "est human"};

private static final String[] EVALUES = new
String[){"0.001", "0.01", "O0.1", "1", "10", "100"};

private JComponent newContentPane;
private JTextArea sequenceArea;
private JScrollPane scrollPaneArea;

private JCheckBox[] chbDna;
private JCheckBox[] chbProtein;
private JComboBox cobDbs;
private JComboBox cobEvalues;

private JButton submitBtn;
private JButton formatBtn;
private JButton clearBtn;

private JMenultem aboutItem;

private JMenultem quitItem;

private static final double SEQ_THRESHOLD = 0.85;

private static final int TYPE_UNKNOWN = -1;

private int typeOfSequence;

private static final String SEQ_HEADER_GEN =
">Sequencel|";

private static final int SUB_MAX = 30;

static {

try {
Class.forName("org.jfb.jgblast.JQBlast");

} catch (ClassNotFoundException e) {
e.printStackTrace();

}
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public SwingBlast2_1() {
super();

}

private void seqgFormInit() {
setTitle (APP_NAME + " " + APP_VERSION);
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
newContentPane = new JPanel();
newContentPane.setOpaque(true);
newContentPane.setLayout (new BorderLayout());

setContentPane (newContentPane);

// Add the menu bar.

JMenuBar menu = new JMenuBar();

JMenu swingBlastMenu = new JMenu(APP_NAME);
quitItem = new JMenultem("Quit");
swingBlastMenu.add(quitItem);
menu.add(swingBlastMenu) ;

JMenu helpMenu = new JMenu("Help");
aboutItem = new JMenultem("About");
helpMenu.add(aboutItem);
menu.add(helpMenu) ;

setJMenuBar (menu);

// Create the seqLbl pane

JPanel sequencePanel = new JPanel();

JLabel seqLbl = new JLabel("Sequence");

sequenceArea = new JTextArea();

sequenceArea.setLineWrap(true);

final Font sf = sequenceArea.getFont();

Font f = new Font("Monospaced", sf.getStyle(),
sf.getSize());

sequenceArea.setFont (f);

scrollPaneArea = new JScrollPane(sequenceArea);

scrollPaneArea.setPreferredSize(new Dimension(300,
200));

formatBtn = new JButton("Format Sequence");

sequencePanel.setLayout (new
BoxLayout (sequencePanel, BoxLayout.LINE_AXIS));
sequencePanel.add(seqgLbl);
sequencePanel.add(Box.createRigidArea (new
Dimension(10, 0)));
sequencePanel.add(scrollPaneArea);

JPanel seqPanel = new JPanel();
segPanel.setLayout(new BorderLayout());
seqPanel.add(sequencePanel, BorderLayout.NORTH);
JPanel panel = new JPanel();
panel.add(formatBtn);
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segPanel.add(panel, BorderLayout.CENTER);

//Lay out the buttons from left to right.
JPanel buttonPane = new JPanel();
submitBtn = new JButton("Submit");
clearBtn = new JButton("Clear");

buttonPane.setLayout (new BoxLayout (buttonPane,
BoxLayout.LINE_AXIS));

buttonPane.add(Box.createHorizontalGlue());

buttonPane.add(Box.createRigidArea(new
Dimension(10, 0)));

buttonPane.add(clearBtn);

buttonPane.add(submitBtn);

JPanel jPanel = new JPanel();
jPanel.setLayout (new BorderLayout());
jPanel.setBorder (BorderFactory.createEmptyBorder (0,
10, 10, 10));
jPanel.add(seqPanel, BorderLayout.NORTH);
jPanel.add(createProgramPanel(),
BorderLayout .CENTER}) ;
jPanel.add(buttonPane, BorderLayout.SOUTH);

newContentPane.add(jPanel, BorderLayout.CENTER);
newContentPane.setPreferredSize(CP_PREF_SIZE);

//Display the window.

pack();

Dimension screenSize =
Toolkit.getDefaultToolkit().getScreenSize();

setLocation((screenSize.width - CP_PREF_SIZE.width)

/2,
(screenSize.height - CP_PREF_SIZE.height) /
2);
setVisible(true);
addListeners();
}
private JPanel createProgramPanel() {
// Let's get the program panel using the same
layout
JPanel programPanel = new JPanel();
JLabel program = new JLabel("Program");
program,setPreferredSize (LABEL_PREFERRED_SIZE);
chbDna = new JCheckBox{[BLAST_PROGRAMS DNA.length];
String blastProgram;
for (int i = 0; i < BLAST_ PROGRAMS DNA.length; i++)
{

blastProgram = BLAST_ PROGRAMS_DNA[i];
chbDna[i] = new JCheckBox(blastProgram);
chbDna[i].setMaximumSize (COMBO_PREFERRED_SIZE);



116

chbProtein = new
JCheckBox[BLAST PROGRAMS_PROTEIN.length];
for (int i = 0; i < BLAST PROGRAMS_ PROTEIN.length;
i++) {
blastProgram = BLAST PROGRAMS_PROTEIN[i];
chbProtein[i] = new JCheckBox(blastProgram);

chbProtein[i]).setMaximumSize (COMBO_PREFERRED_SIZE);
}

programPanel.setLayout (new BoxLayout (programPanel,
BoxLayout.LINE AXIS));
programPanel.add(program) ;
programPanel.add(Box.createRigidArea(new
Dimension(10, 0)));
for (int i = 0; i < chbDna.length; i++) {
programPanel.add(chbDna(il});
programPanel.add(Box.createRigidArea(new
Dimension(5, 0)));
}
for (int i = 0; i < chbProtein.length; i++) {
programPanel.add(chbProtein[i]);
if (i + 1 < chbProtein.length)
programPanel.add(Box.createRigidArea(new
Dimension(5, 0)));

programPanel.add(Box.createHorizontalGlue());

JPanel paramPanel = new JPanel();

paramPanel.setLayout (new BoxLayout (paramPanel,
BoxLayout.PAGE_AXIS));

paramPanel.add(programPanel) ;
paramPanel.add(Box.createRigidArea(new Dimension(0,

5)))i

// Create the database panel using the same layout
JPanel databasePanel = new JPanel();

JLabel database = new JLabel("Database”);
database.setPreferredSize(LABEL_PREFERRED_SIZE);
cobDbs = new JComboBox (DATABASES);
cobDbs.setMaximumSize (COMBO_PREFERRED_SIZE);

databasePanel.setLayout (new
BoxLayout (databasePanel, BoxLayout.LINE AXIS));
databasePanel.add(database);
databasePanel.add(Box.createRigidArea(new
Dimension(10, 0)));
databasePanel.add(cobDbs);
databasePanel.add(Box.createHorizontalGlue());
paramPanel.add(databasePanel);
paramPanel.add(Box.createRigidArea(new Dimension(0,

5)))i
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// Create the E-Value panel using the same layout
JPanel evaluePanel = new JPanel();

JLabel eValue = new JLabel("E-value");
eValue.setPreferredSize(LABEL_PREFERRED_SIZE);
cobEvalues = new JComboBox(EVALUES);
cobEvalues.setMaximumSize (COMBO_PREFERRED_SIZE) ;

evaluePanel.setLayout (new BoxLayout (evaluePanel,
BoxLayout.LINE_AXIS));

evaluePanel.add(eValue);

evaluePanel.add(Box.createRigidArea(new
Dimension(10, 0)));

evaluePanel.add(cobEvalues);

evaluePanel.add(Box.createHorizontalGlue());

paramPanel.add(evaluePanel);

paramPanel.add(Box.createRigidArea(new Dimension(0,

5)))i

enableFunctions (TYPE_UNKNOWN) ;
return paramPanel;

}

private void addListeners() {
guitItem.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
System.exit (0);
}
b

aboutItem.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {

JOptionPane.showMessageDialog(SwingBlast2_1l.this, APP NAME +
" " + APP VERSION,
"About " + APP_NAME,
JOptionPane.INFORMATION MESSAGE);
}
})i

submitBtn.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {

StringBuffer errMes = new
StringBuffer ("<HTML>Please provide the following
parameters:<BR>");

String sequence = sequenceArea.getText();

boolean misPar = false;

if (sequence == null || sequence.length()

errMes.append( "~ Sequence<BR>");
misPar = true;
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String database = (String)

cobDbs.getSelectedItem();
String[] blastTypes = getBlastTypes();

if (blastTypes == null || blastTypes.length
==0){
errMes.append("- blast<BR>");
misPar = true;
}
final String endOfPleaseMes = "</html>";

errMes .append(endOfPleaseMes);
if (misPar) {

JOptionPane.showMessageDialog(SwingBlast2_ 1l.this, errMes);
return;

}

String evalue = (String)

cobEvalues.getSelectedItem();
runBlasts(sequence, blastTypes, database,

evalue);
}
1)
clearBtn.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent e) {
cleanAllParameters();
}
i
formatBtn.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
// Check sequence type
// Retrieve text entered in the text area
final String sequenceText =
sequenceArea.getText();
if {sequenceText == null ||
sequenceText.length() == 0) {
cleanAllParameters();
return;
}

// Format sequence in FASTA format
int idx = sequenceText.indexOf(">");
final boolean fastaFormatted = idx != -1;
String header = null;
String sequence = "";
if (fastaFormatted) {

int returnIdx =

sequenceText.indexOf ("\n");

if (returnIdx != -1) {
header = sequenceText.substring(0,

returnIdx);
sequence =
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sequenceText.substring(returnldx + 1,
sequenceText.length()).replaceAll("\\s", "").toLowerCase();

// Check if sequence entered
updateSequenceArea (header, sequence,
fastaFormatted);
} else {
updateSequenceArea(SEQ HEADER_GEN,
sequenceText.toLowerCase(), fastaFormatted);
}
}
)i
}

private void updateSequenceArea(String header, String
sequence, boolean fastaFormatted) {
String seqText;
if (sequence.length() == 0)
return;

// Retrieve sequence type
this.typeOfSequence = TYPE UNKNOWN;
try {
this.typeOfSequence =
getSequenceType(sequence);
} catch (RESyntaxException rese) {
rese.printStackTrace();

}

String type = null;
String unitOfLength = null;

switch (this.typeOfSequence) {

case TYPE_ DNA:
type = "DNA";
unitOfLength
break;

case TYPE RNA:
type = "RNA";
unitOfLength = " bp";
break;

case TYPE PROTEIN:
type = "Protein";
unitOfLength = " aa";
break;

default:
type = "N/A";
unitOfLength = " N/A";

" bp“;

}

if (!fastaFormatted) {
seqText = header + type + " +
sequence.length() + unitOfLength + "\n" +
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format (sequence.toUpperCase());
} else {
seqText = header + "\n" +
format (sequence.toUpperCase());

}

// Display results in the sequence area
sequenceArea.setText (seqText);

enableFunctions(this.typeOfSequence);

}

private StringBuffer format(String seq) {
int i = 1;
String sequence = seq.replaceAll("\n", "");
final int seqglen = sequence.length();
StringBuffer sb = new StringBuffer(seqlLen);
if (seqLen > 50) {
char[] chars = sequence.toCharArray();
for (int j = 0; j < chars.length; j++) {
sb.append(chars{jl);

if (i++ % 50 == 0) {
sb.append("\n");
}

} else {
sb.append(sequence);

}

return sb;

}

private void runBlasts(final String sequence, String]]
blastTypes, String database, String evalue) {
Map param = new HashMap();
param.put("sequenceText", sequence);
param.put("database", database);
param.put("eValue", evalue);

final Observer observer = new Observer() {
public void update(Observable o, Object arg) {
System.out.println("" + arg);
}
}i

try {
for (int 1 = 0; i < blastTypes.length; i++) {
final String blastType = blastTypes[i];
final Map tmp = new HashMap(param);
tmp.put("blastType", blastType);
Thread t = new Thread(new Runnable() {
public void run() {

try {
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final Blast blast =
BlastManager.createBlast();
blast.addObserver (observer);

RequestIdentifier
requestIdentifier = (RequestIdentifier)
blast.submitQuery(tmp);

final String fileName =

blast.requestResult(requestIdentifier).toString();
final StringBuffer sb =
new
StringBuffer().append(blastType).append(" BLAST for the
sequence starting with ")

.append(sequence.length() > SUB_MAX ? sequence.substring(O0,
SUB_MAX) : sequence).append(" has finished!");
Runnable runnable = new
Runnable() {
public void run() {

JOptionPane.showMessageDialog(SwingBlast2_ 1.this,
sb.toString());
saveBlast(fileName);

}:

SwingUtilities.invokeLater (runnable);
} catch (BlastException be) {
be.printStackTrace();
} catch (Throwable e) {
e.printStackTrace();

}

}
})i
t.start();
}
} catch (Throwable e) {
e.printStackTrace();

}
}
private void saveBlast(String tmpFileName) {
final String fileNameFromUser =
getFileNameFromUser();
if (fileNameFromUser == null)
return;

final File tmpFile = new File(tmpFileName);
final File userFile = new File(fileNameFromUser);
String finalName = tmpFileName;
if (userFile.exists()) {
String errMes = fileNameFromUser +
exists.\nDo you want to overwrite?.";
int choice =

already
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JOptionPane.showConfirmDialog(this, errMes, "Saving BLAST

Result"”, JOptionPane.YES NO OPTION);
if (choice == JOptionPane.YES_OPTION) {
boolean renamed =
tmpFile.renameTo(userFile);
if (renamed) {
tmpFile.delete();
finalName = fileNameFromUser;

}
} else {
saveBlast (tmpFileName) ;
return;
}
} else {

boolean renamed = tmpFile.renameTo(userFile);

if (renamed) {
tmpFile.delete();
finalName = fileNameFromUser;

}
}
JOptionPane.showMessageDialog(SwingBlast2 1l.this,
"BLAST result saved in " + finalName);

}

private String getFileNameFromUser() {
JFileChooser fc = new JFileChooser();
if (fc.showSaveDialog(this)
JFileChooser .APPROVE_OPTION) {
return fc.getSelectedFile().getAbsolutePath();
} else {
return null;

}
}

protected void finalize() throws Throwable {
super.finalize();

}
private void cleanAllParameters() {
sequenceArea.setText("");
enableFunctions(-1);
}
private String[] getBlastTypes() {
JCheckBox[] allTypes = typeOfSequence == TYPE DNA
|| typeOfSequence == TYPE RNA
? chbDna : typeOfSequence == TYPE PROTEIN ?

chbProtein : null;
if (allTypes == null) return null;

ArrayList types = new ArrayList();
for (int i = 0; i < allTypes.length; i++) {
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JCheckBox cb = allTypes[i];
if (cb.isSelected())
types.add(cb.getText ().toLowerCase());
}
final String[] res = new String[types.size()];
types.toArray(res);
return res;

}

private void enableFunctions(int typeOfSequence) {
if (typeOfSequence == TYPE DNA || typeOfSequence ==
TYPE_RNA) {
setChb(chbDna, true);
setChb(chbProtein, false);
setCob(cobDbs, true);
setCob(cobEvalues, true);
} else if (typeOfSequence == TYPE PROTEIN) {
setChb (chbProtein, true);
setChb(chbbna, false);
setCob(cobDbs, true);
setCob(cobEvalues, true);
} else {
setChb(chbProtein, false);
setChb(chbDna, false);
setCob(cobDbs, false);
setCob(cobEvalues, false);

}

private static void setChb(JCheckBox[] boxes, boolean
value) {
for (int i = 0; 1 < boxes.length; i++) {
boxes[1].setEnabled(value);
boxes[i].setSelected(false);

}

private static void setCob(JComboBox component, boolean
value) {
component.setEnabled(value);
component.setSelectedIndex(0);

}

public static int getSequenceType(String sequence)
throws RESyntaxException {
RE re = new RE("[actgnACGTN]+");
String[] strings = re.split(segquence);
int numbOfLettersOtherThanATGCNs = 0;

for (int i = 0; i < strings.length; i++) {
numbOfLettersOtherThanATGCNs +=
strings[i].length();
}
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int length = sequence.length();
int numbQOfACGTNs = length -
numbOfLettersOtherThanATGCNs;

re = new RE("[uU])+");
strings = re.split(sequence);
int numbOfLettersOtherThanUs = 0;

for (int i = 0; i < strings.length; i++) {
numbOflettersOtherThanUs +=
strings[i}.length();
}
int numbO£fUs = sequence.length() -
numbOfLettersOtherThanUs;

if (numbOfACGTNs / (double) length > SEQ THRESHOLD)

return TYPE_ DNA;
} else if ((numbOfACGTNs + numbOfUs) / (double)
length > SEQ THRESHOLD) {
return TYPE RNA;
} else {
return TYPE_PROTEIN;

}
}
public static void main(String[] args) {
SwingUtilities.invokeLater (new Runnable() {
public void run() {
final SwingBlast2_1 sequenceForm = new

SwingBlast2_1();
sequenceForm.segFormInit();

}

Retrieving Sequences From GenBank Using BioJava

Frequently, users know GI numbers of sequences that they use regularly
in their research and it is normal for them to submit a GI number of the
corresponding sequence for BLAST searches on the NCBI BLAST
service. We will next implement a feature in SwingBlast whereby users
can retrieve a sequence from GenBank based on its GI number. We will
use existing BioJava routines to retrieve sequences corresponding to a
GenBank ID that users may enter into the sequence field. We will need the
following BioJava libraries to accomplish this task:
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org.biojava.bio.seq.Sequence;
org.biojava.bio.seq.db.GenbankSequenceDB;

org.biojava.bio.seq.io.SeqIOTools;

These libraries can be obtained from the BioJava website (Binary for
J2SE 1.4 or later, as of this writing) at the following URL:

http://biojava.org/wiki/BioJava:Download

Since users have the option of entering sequences directly into the
sequence field, we need to first test if the entered text is a sequence or a
genbank ID. We will do this using regular expressions as outlined below:

text = text.replaceAll("\\s", "");
RE re = null;

try {
re = new RE("[0-9]+");

} catch (RESyntaxException el) {
el.printStackTrace();

}

boolean isGenBankID = re.match(text);
We then create a new instance of the class GenbankSequenceDB that will
retrieve the Genbank record. segoObject contains the entire GenBank

record, that is, the header information, any sequence features and
annotation and the actual nucleotide or amino acid sequence.

segObject = genbankSequenceDB.getSequence(text);

To see the content of the sequence object retrieved we can write it to the
system output using SeqIOTools as followed:

SeqIOTools.writeGenbank (System.out, seqgObject);

To grab only the sequence we then use the method seqString() from
the seqObject.

sequence = seqObject.seqString();
The complete code is as follows:

import org.biojava.bio.seq.Sequence;
import org.biojava.bio.seq.db.GenbankSequenceDB;
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import org.biojava.bio.seq.io.SeqIOTools;

text = text.replaceAll("\\s", "");
RE re = null;
try {
re = new RE("{0-9]1+");
} catch (RESyntaxException el) {
el.printStackTrace();

}

boolean isGenBankID = re.match(text);

if (isGenBankID) {

GenbankSequenceDB genbankSequenceDB =
GenbankSequenceDB( ) ;

header = "GI:" + text;

Sequence segObject = null;

try {

new

seqObject = genbankSequenceDB.getSequence(text);
SeqIOTools.writeGenbank(System.out, segObject);

} catch (Exception e) ({
e.printStackTrace();

}

sequence = seqObject.seqString();

The "Format Sequence"” in the application will now have a dual function
when a GI number is pasted in the text area — it will retrieve the sequence
from GenBank and simultaneously convert it into the Fasta format. We

will call this version of the application swingBlast version 2.2.

for SwingBlast Version 2.2 with this feature implemented is
Listing 3.8.

Listing 3.8. SwingBlast Version 2.2

Runnable runnable = new Runnable() {
public void run() {
String seq = null;
final boolean isGenBankID
GenbankDB. isGenBankId(sequenceText);

if (isGenBankID) {
boolean canGetSeq = true;

GenbankSequenceDB genbankSequenceDB
GenbankSequenceDB( ) ;
header = "GI:" + text;

Sequence seqgObject = null;
try {

The code
shown in

new
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seqObject =
genbankSequenceDB.getSequence(text);
SeqIOTools.writeGenbank(System.out,
seqObject);
} catch (Exception e) {
e.printStackTrace();

}
seq = segObject.seqString();
if (seq == null || seg.length() == 0 ||

tcanGetSeq) {

JOptionPane.showMessageDialog(SwingBlast2_2.this,
"Cannot get the sequence for GenBank ID
" + sequenceText);
return;
}
}

SwingBlast2_ 2.this.sequence = seq;
Runnable runnableAwt = new Runnable() {
public void run() {
String seqFin = SwingBlast2_2.this.sequence;
String header = null;
String sequence = "";

if (isGenBankID) {
int i = seqgFin.indexOf("\n");
header = seqgFin.substring(0, 1i);
sequence = seqgFin.substring(i +
"\n".length(), segFin.length());
} else {
sequence = sequenceText.toLowerCase();
header = SEQ HEADER_GEN;

}

// We first check that there is something.

updateSequenceArea(header, sequence,
fastaFormatted, isGenBankID);

}
}i
SwingUtilities.invokeLater (runnableAwt);
i

new Thread(runnable).start();

Fig. 3.15 and Fig. 3.16 below show the results of pasting a GenBank Id in
the sequence area of SwingBlast Version 2.2.
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¢ SwingBlast Version 2.2 E[=1E3

SwingBlast Help
5995995
Sequence
Format Sequence
Program [lBlastiN [ Blastx [ TBlastX ClBlastP ] TBiastN
Datahase Eru - i
E-value i:},nm |
Clear Submit

Fig. 3.15. Pasting GI number in the text area for sequence retrieval

= SwingBlast Version 2.2 E|@|g|

SwingBlast Help

>gl| 6995995 | ref |NM_000452.2| Homo sapiens cystic fibrosis t%
ransnenbrane conductance regulator, ATP-binding cassette (s
ub-family C, member 7) (CFTR), mRNA
AATTGGALGCAAATCACATCACAGCAGGTCAGAGALAALGGLTTGAGCGE
(CAGGCACCCAGAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACG
Sequence GCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTG
GAARAGGCCAGCGTTGTCTCCARACTTTTTTTCAGCTGGACCAGACCAAT
TTTGAGGAAAGGATACAGACAGCGCCTGGAATTGTCAGACATATACCAAR
TCCCTTCTETTGATTCTECTGACAATCTATC TCAALLATTGCAALGAGAR
TGGGATAGAGAGCTGGCTTCAAAGARALATCCTARACTCATTAATGCCCT
TCGGCGATGTTTTTTCTGEAGATTTATGTTC TATGGAATCTTTTTATATT
TACCACAACTCACCALACCACTACACCCTCTCTTACTOCCAAGAATC AT

Format Sequence

Program [ /BlastN [|BlastX [ TBRastX | |00 i
Database  |nr >
Evalue 0.001 ¥

Fig. 3.16. Retrieving a sequence from GenBank from its GI number
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Although the Fasta header in Fig. 3.16 appears to run over multiple lines,
it is actually a single line that has wrapped over because of the size of the
text area.

Retrieving GenBank Without BioJava

This is how one would implement the retrieval of the sequence using
GenBank ID and NCBI web application using regular expressions to parse
out the sequence. To implement the retrieval of sequences from GenBank
by GI numbers we create a package called org. jfb.util.GenbankDB.

The GenbankDB class implements a method called getSequence() to
retrieve sequences from GenBank through requests sent to the following
URL (as defined in the String constant GENBANK_URL):

"http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?dopt=fastas
list_uids=";

Since the GenBank Id is a number is a numeral, the method performs
checks if the user entered GI number is a valid entry. The getSequence ()
method takes a single parameter — the GenBank ID — opens a connection to
the URL, obtains the data from GenBank, and performs the necessary
parsing, formatting and trimming to get the actual GenBank sequence. To
retrieve the CFTR sequence from GenBank using its GI number (6995995,
replaced by 90421312), for example, the URL we would use in a browser
would be: <<<here

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?dopt=fastasl
ist _uids=6995995

This opens up the GenBank page with the sequence displayed in Fasta
format (Fig. 3.17). This record needs to be parsed to extract the raw
sequence from the HTML formatting on the page. This is easily done since
the sequence is bounded by the <pre> and </pre> starting and ending tags.
Fig. 3.18 shows the source HTML of the page with beginning <pre> tag
just before the Fasta formatted sequence starts.
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*g1i 6995995 | cal |NK_D00452.2] Homo sapliens cyatic fibrosis ATP-binding {sub-Lami
AATTOGAAGC AAATGACATCACAGC AGG TCAGASALLAAGGOTTGAGCGOCAGGC ACCCAGAGTAGTAGS
TETTTGGCATTAGGAG TTGAGCCCAGACGHCCC TAGCAGGGACCCCAGGOCCOAGREACCATOC AGAT
GTCOCCTC TOGARAAGGCC AGCOTTOTC TOCARAC TTTTTTTCAGC TOOACCAGACCAATTTTOAGC AR
GOATACAGAC AGCOCCTOEARTTOTCAGACATATACCARATCCLTTC TOTTOATTC TGO TGACAATC TAT
CTCAMMAATTEGALAGACAATOGGATAGAGAGE TOOC TTCALAGAAAMATCC TARACTCATTAATSCCCT
TG AT T TTT T TC T ACATTTATCTTC TATCOAATC TTTTTATATTTACCSCAACTCACCARAGT A
OTACAGCCTCTCTTAC TOGGAAGAATCATAGCTTCC TATOACCOGCAT AL AAGIAGGAACGLTCTATED
CEATTTATCTAGOCATAGSC TTATOCCTTCTCTTTAT ACTGCTCOTACACCCAGCCATTTT
TOGCCTTCATEAC AT TGO ANTGT AGATOAGAATAGE TATO TITAS TTTGAT I TATAAGALGACTTTARAG
CTGTCAMGCCG TG TTC TAGATALAATAAGTATTGGAC AAC TTGTTAGTE TCC TTTCCARCALCCTGARCA
AATTTEATGAAGCAC TTOCATTGGC ACATTTC O TOTOOATCOC TCCTTTOC ARG TOGCAC TOCTCATSG0
GCTRATCTGSGAGTTCTTAC A T T To TG AL T TGO TTTCC TOATAGTCCTTGCCCTTTTT
CAGGLTOGGE! AGAATGATEATEALGTACAGAGA TECCAMGATCAGTCAMAGACTTG
TEATTACCTCACAMATCATTCARAATATCC AATCTOTTAAGCCATAC TOCTOOCARGAAGC RATCOARAL
AATGATTOARAACTTARGAC ARAC AGLACTOAARCTOAC TOGGAAGGCAGCC TATOTGAGATACTTCAAT

ABCTCAGCCTTC T TTC T AGGGTTC TT TG TG TG TT TTTATC TG TGC TTOCC TATGCACTARTCARAG
GAATCATCC TOCGGAAAATATTC ACC ACCATE TCATTC TOCATTG TTE TOC G0 ATGGCEGTC ACTOGGCA
ATTTCCE TOGGCTOTACARAC ATGG TATCGACTC TCTTGGAGC AATALAC AAAATACAGGATTTCTTACAL

AAGCARGAATATAACACATTOCAATATALCTTARCCAC TACACAACTACTCATOCACAATCTAACAGCCT

TCTOHIAGGAGGGATTTOGIGAATTATTTGACAARGC AAAAC AAAAC AATAACAATAGALLALCTTCTAL

TEGTOAT AL A CTCTTCTTCAGTAATT T TCACTTC TTGOTACTOCTOTCCTOARAGATATTAATTTC

ALGATAGAALOAGG A AT TTOTTOOCCOTTRC TOGATCCACTOOAGC LECC AMGACTTEACTTCTAATOA -
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Fig. 3.17. GenBank record for the CFTR mRNA sequence
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</table>

</form><pre>>gi| 6995995| ref |NM_000492.2| Homo sapiens cystic fibrosis transmembrane
AATTGGAAGC AAATGACATC ACAGCAGGTCAGAGRAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAGS
TCTTTGGCATTAGGAGC TTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAS

GTCGCCTC TGGARAAGGCCAGCGTTGTC TCCARACTTTTTTTCAGC TGGACCAGACCAATTTTGAGGAAR
GGATACAGACAGCGCCTGGAATTGTCAGACATATACCRAAATCCCTICTGTTGATTCTGCTGACAATCTAT
CTGAAMAATTGGARAGAGAATGGGATAGAGAGCTGGCTTCARAGAAAAATCCTAAACTCATTAATGCCCT

TCGGCGATGTTI T I T TGGAGAT TTATGT TC TATGGAATCTTTTTATATTTAGGGGAAGTCACCARAGCA
GTACAGCCTCTCTTACTOGGAAGAATCATAGC TTCCTATGACCCGGATAACRAAGGAGGARCGCTCTATCS
COATTTATCTAGGCATAGGCTTRATGCCTICTCTTTATTIGTGAGGACACTGCTCCTACACCCAGCCATTTT
TGGCCTTCATCACATTGGAATGC AGATGAGAATAGCTATGTTTAGTTTGATTTATAAGAAGACTTTARRG

TG T AAGCCGTGTTC TAGATAARAT ARG TATTGGACAACTTGTTAGTCTCCTTTCCAACRACCTGALCA
AATTTGATGAAGGACTTGCATTGGCACATTITCOTGTGGATCGCTCCTTTGC AAGTGGCACTCCTCATGGG
GCTARTCTGGGAGTTGTTACAGGCGTCTGCCTTCTGTGGACTTGGTTTCCTGATAGTCCTTGCCCTTTTT
CAGGCTGGGCTAGGGAGAATGATGATGAAGTACAGAGATC AGAGAGCTGGGAAGATCAGTGAAAGACTTG
TEATTACC T AGAAATGAT TCAAAATATCCAATC TG TTAAGGCATACTGC TGGGAAGAAGC AATGGALLL
AATGATTGAAAACTTAAGACARACAGAACTGARACTGACTCGGAAGGCAGCCTATGTGAGATACTTCAAT
AGCTCAGCCTTCTICTTCTCAGGGTTCTITGTGGTGT T TTTATCTGTGCTTCCCTATGCACTAATCRAALG
GRATCATCCTCCGGAARATATTCACCACCATCTCATTCTGCATTGTTCTGCGCATGGCGGTCACTCGGCA

AT T T T GGG TG TAC A A A TG TATGAC TCTCTTGGAGCAATAAACAARATACAGGATTTCTTACAL

AAGC A AGAATATAAGAC AT TOGAATATAACTTAACGACTACAGAAGTAGTGATGGAGAATGTAACAGCCT
TCTGGGAGGAGGGATTTGGGGARTTATTTGAGARAGCAARACRAARCARATARCAATAGAARRACTTCTAL
TGGTGATGACAGCCTCTTCTTCAGTAATTTCTCACTTCTTGGTACTCCTGTCCTGARAGATATTARTTTC
AAGATAGAARGAGGACAGTTGTTGGCGGTTGC TOGATCCACTOGAGCAGGCALGACTTCACTTCTAATGA
TGATTATGGGAGAAC TGGAGCCTTCAGAGGGTARRATTAAGC ACAGTGGAAGAATTTCATTCTGTTCTCA

GTTT TN TRGATTA TGO C TRROACC AT TR AGR AR ATATCATCTTTROTATTTOOTATGATGAATATAGE e
£ (]

Fig. 3.18. Parsing the raw sequence data from a GenBank record
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The code for the GenbankDB class is described in Listing 3.9.

Listing 3.9. The GenbankDB class

package org.jfb.util;

import org.apache.regexp.RE;

import org.apache.regexp.RESyntaxException;
import java.io.BufferedReader;

import java.io.IOException;

import java.io.InputStreamReader;

import java.net.URL;

public class GenbankDB ({
private static final String GENBANK_URL =
"http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?dopt=fastasli
st_uids=";

public static String getSequence(String gbId) throws
IOException, IllegalArgumentException {
// A GenBank ID is always a number
boolean isGenBankID = isGenBankId(gbId);
String genBankId = gbId.replaceAll("\n", "");

if (!isGenBankID)
throw new IllegalArgumentException(genBankId +
is not a valid GenBank ID");

BufferedReader reader = null;
StringBuffer sb;

try {
URL url = new URL(GENBANK_URL + genBankId);
reader = new BufferedReader (new
InputStreamReader(url.openConnection().getInputStream()));
String s;
sb = new StringBuffer();
while ((s = reader.readLine()) != null) {

sb.append(s + "\n");

}
} finally {
if (reader != null)
reader.close();

}

String tmp = sb.toString().toLowerCase();
int idx = tmp.indexOf("<pre>");
int endIdx = tmp.indexOf("</pre>");

if (idx == -1 || endIdx == -1)
return null;
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return sb.substring(idx + "<pre>".length(),
endIdx);
}

private static final int CUT_OFF = 30;

public static boolean isGenBankId(String gbId) {
RE re = null;
try {
re = new RE("([0-9]1)+");
} catch (RESyntaxException el) {

}

boolean valid = true;

String cleanSeq = gbId.replaceAll("\n", "");
int len = cleanSeq.length();

final int min = Math.min(CUT_OFF, len);
String seqPiece = cleanSeq.substring(0, min);

re.match(segPiece);
String match = re.getParen(0);

valid = match {= null &&
match.equals (seqPiece);
return valid && min == len;
}
}
Input Validation

Note that there is no input validation in SwingBlast 2.2. SwingBlast
2.2 does not flag an error when bad characters are present in the sequence
entered in the text area. Fig. 3.19 shows the application behavior when an
amino acid ("D") is inserted in what is apparently a nucleotide sequence.
The sequence type is deduced as "N/A" because the application cannot
determine the sequence type (Listing 3.7). For the same reason, none of the
BLAST options are available. With the appropriate input validation, the
application can catch errors in the entered sequence type and warn the user
to make the appropriate changes.
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= SwingBlast Version 2.2
SwingBlast Help

aequencel [IN/AI LS N/A
ATGCATGCATGCD

Sequence

Format Sequence

J Clear " Submit

Fig. 3.19. Handling bad characters in input sequence

We will incorporate input validation for a few simple situations as
described below:

1. The sequence contains bad characters, that is, characters other than
the single letter codes for nucleotides and amino acids. We had
illustrated how we used information on the composition of
sequences found in nature to determine sequence type in Chapter 2.
According to this algorithm, if:

a. Total number of A, T, G and C's divided by the total length
of the sequence is greater that 0.85, it is a DNA sequence

b. Total number of A, T, G, C and U's divided by the total
length of the sequence is greater that 0.85, it is an RNA
sequence

If neither of these two conditions are met, the sequence is assumed to be
a protein sequence. Again, we are not using the extended DNA/RNA
alphabet that includes symbols for sequence ambiguity as defined in the
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IUPAC-IUB nucleotide and amino acid nomenclature. Instead, we are
illustrating input validation for the simplest of cases where the DNA
alphabet is assumed to be composed of A, T, G, C and N and RNA is
assumed to be A, U, G, C, N (where N = any nucleotide base) and amino
acid alphabet is assumed tobe A, C, D, E,F, G, H,LK,L,M, N, P, Q,R,
S,T,V,Wand Y.

Once we have determined the sequence to be DNA, RNA or protein, we
check if any bad characters are present-in the sequence and warn the user
accordingly. We also check if a number instead of a sequence has been
entered in the text area. This may very well be a GI number. If it is indeed
a GI number, the application will download the corresponding sequence
from GenBank when the user presses the "Format Sequence" button. If
none of the above conditions are met, the application will print an error
message asking the user to check the validity of the sequence or data
entered. To add input validation to the SwingBlast application, we add a
method called isvalidSequence(). The method takes the input sequence
as the parameter and performs the appropriate checks as described earlier
using regular expressions:

private static boolean isValidSequence(String seq) {

int idx = seq.indexOf(">");

int idxEndOfFastaHeader = seq.indexOf("\n");

String sequenceToCheck = null;

if (idx t= -1) {
sequenceToCheck = seq.substring(idxEndOfFastaHeader +

1, seq.length());

} else {

sequenceToCheck

il

seq;
}
return matchRegex(REGEX_DNA, sequenceToCheck)

| | matchRegex(REGEX_RNA, sequenceToCheck)

| | matchRegex(REGEX PROTEIN, sequenceToCheck)

| | matchRegex(REGEX_GENBANK_ID, sequenceToCheck);

The regular expression matching within matchRegex () method checks
for the following valid patterns:

private static final String REGEX_DNA "[acgtnACTGN]+";

private static final String REGEX_RNA = "[acgunACUGN]+";

private static final String REGEX_PROTEIN =
"[acdefghiklmnpgrstvwyACDEFGHIKLMNPQRSTVWY J+";

private static final String REGEX_GENBANK_ID = "[0-9]+";

The matchRegex () method itself is as follows:
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private static boolean matchRegex(String regex, String
sequence) {

RE re = null;

try {
re = new RE(regex);

} catch (RESyntaxException res) {
// The regex has been tested so no need to chech the
// exception here

}

String cleanSeq = sequence.replaceAll("\n", "");
boolean valid = true;
int len = cleanSeq.length();
int pvsIdx = 0, nextIdx;
for (int i = 0; i < len; i += CUT_OFF) {
nextIdx = Math.min(i + CUT_OFF, len);
String seqgPiece = cleanSeq.substring(pvsIdx,
nextIdx);
re.match(seqgPiece);
String match = re.getParen(0);
valid = match != null && match.equals(segPiece);

if (!valid)
break;
pvsIdx = nextlIdx;

}

return valid;

}

Next we call the isvalidsequence() method in the
actionPerformed() event method:

public void actionPerformed(ActionEvent e) {
// Check sequence type
// Retrieve text entered in the text area
final String sequenceText = sequencelArea.getText();
if (sequenceText == null || sequenceText.length()

cleanAllParameters();
return;

}

if (!isvValidSequence(sequenceText)) {
JOptionPane.showMessageDialog(SwingBlast2_2.this,
"The sequence you've entered is neither a DNA
or protein sequence nor a FASTA formatted sequence.\n" +
"Please provide a valid sequence.");
return;

}
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The application is now able to detect errors in the entered sequence and
warn the user with the appropriate message (Fig. 3.20).

- SwingBlast Version 2.2
SwingBlast Help

ATGCATGCATGCD

We found that the sequence is type DNA ﬁmmnmmmammum Protein

Please correct the s

Format Sequence

Pragram otasin Dl Biastt (O TErastt [ Blastp [ TEnasty
Database -
E-value |ﬂ.lJﬂl -

| Cloar | submt |

Fig. 3.20. SwingBlast 2.2 with input validation

Fig. 3.21 shows that the application recognizes that just a Fasta header
has been provided and results in an error.

- SwingBlast Varsion 2.3,
SwingBlast Blast Help

6995995

The sequence you've entered is neither a DNA or _plﬂtlnmmm nor a FASTA formatted sequence,

Please provide a valid sequence.
Format Sequence |
Program  CiBlsstn Clmest C11otstX (O glastP T 1Besth
Database -

Evalue 0000

_ Clear | Submit_|

Status: Ready

Fig. 3.21. Input validation for wrong GI number format
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The application, however, does retricve the correct sequence
information from GenBank if a GI number is provided.

Controlling Program Events and Responses

We will next incorporate some program flow features in swingBlast
2.2. We will program the "Format Sequence" button to be enabled only
when a non-Fasta formatted sequence is entered in the text area. The
format button will be disabled when the application starts and also under
the following conditions:

1. When no sequence is available in the text area

2. If the sequence is already in Fasta format (at the time of
pasting or right after the sequence is Fasta formatted)

3. When the "clear" button is pressed
4. When the "Format Sequence" button is pressed

Let's enhance our application with these features in mind. We will call
this swingBlast Version 2.3. The code to enable or disable the "Format
Sequence" button to meet condition #1 stated above is straight forward as
shown in the Listing 3.10 below. We implement a document listener
interface and associate it with the text area widget. Within the document
listener, we implement the insertUpdate() and removeUpdate()
methods to respond to events that either insert or modify text within the
text area. Fig. 3.22 shows the swingBlast 2.3 application with the format
button disabled at launch.

Listing 3.10. Enabling and disabling the Format button

private void addListeners() {
docListener = new DocumentListener() {
public void insertUpdate(DocumentEvent e) {

String text = sequenceArea.getText();

if (text == null || text.length() == 0) {
enableFunctions(-1);
formatBtn.setEnabled(false);

} else
formatBtn.setEnabled(true);
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public void removeUpdate(DocumentEvent e) {
String text = sequenceArea.getText();
if (text == null || text.length() == 0) {
enableFunctions(-1);
formatBtn.setEnabled(false);

}
}

public void changedUpdate(DocumentEvent e) {
}

}s

sequenceArea.getDocument () .addDocumentListener (docListener);

Similarly, to meet condition 2, we include the following code:

final boolean fastaFormatted =
_1;

formatBtn.setEnabled(!fastaFormatted);

sequenceText.indexOf (">") !=

For condition 3, the code is as follows:

clearBtn.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent e) {
cleanAllParameters();

}
})i
The cleanAllParameters() method will empty the sequenceArea and by

doing this the document listener shown ealier will disable the
formatButton as shown below:

private void cleanAllParameters() {
sequenceArea.setText("");
enableFunctions(-1);

Finally, to meet condition 4, when the button is pressed, the action
listener is actually disabling the format button:

formatBtn.addActionListener(new ActionlListener() {
public void actionPerformed(ActionEvent e) {

formatBtn.setEnabled(false);
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)i

= SwingBlast Version 2.3
SwingBlast Blast Help

Sequence

Program BiastN IBlastX BlastP TBlastN
Database

E-value 0.001 =

[ Clear H Submit

Status: Ready

Fig. 3.22. Format button is disabled at start-up

Reporting BLAST Status

SwingBlast allows users to send sequences for multiple simultaneously
BLAST analyses. It would be very informative to the user if the
application were to provide a status of the current job that it is performing.
In the next version of the application, we will add a program status bar to
do so. With the program status code in place, the application will provide
the user a running status of the jobs in process. Note that these messages
will be relayed directly from the QBlast service and printed on the status
bar using the observable method discussed earlier. The swingBlast 2.3
application starts with the "Status: Ready" message at the bottom left of
the application window as shown in Fig. 3.23. Fig. 3.24 shows the status
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while the application is retrieving a sequence from GenBank based on a GI
number. Fig. 3.25 and Fig. 3.26 show the status immediately after
submitting a BLAST search and an intermediate stage before getting the
results back. After all searches are complete, the system returns to the
"Ready"” status.

= SwingBlast Version 2.3

SwingBlast Blast Result Help
Sequence
Format Sequence

Program _|BlastN [IBlastX [[1TBlastX [ BlastP [] TBlastN
Database v - |
E-value 0.001 *

| Clear | Submit
Status: Ready

Fig. 3.23. Printing BLAST search status at start-up
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5995995
Sequence
Program [(OBlastd [ Blast ] TBiastX [J BlastP [ TBlastN
Database ball |
E-value 0.001 v
| Clear | submn_|
Status: Retrieving sequence for GenBank ID 6995995

Fig. 3.24. SwingBlast status during sequence retrieval from GenBank

= SwingBlast Version 2.4

-
AAGAGAGAATGAGAGACACACTGAAGAAGCACCAATCATGAATTAGTTTT [~
ATATGCTTCTGTTTTATAATTTTCTGARGCARAATTTTTTCTCTAGEAAA
TATTTATTTTAATAATGTTTCARACATATATTACAATGCTGTATTTTARA
A GAATGATTATGAATTACATTTCTATAAAATAATTTTTATATTTGALATA
TTGACTTTTTATGGCACTAGTATTTTTATGAAATATTATGTTARRACTGG
Sequence |cucinni66AGAACCTAGGGTCATATTAACCAGGGGCCATOAATCACCTTT
TEETCTGEAGGGAAGCCTTGEGECTCATCGAGTTGTTGCCCACAGCTGTA
TGATTCCCAGCCAGACACAGCCTCTTAGATGCAGTTCTCAAGARGATGET
ACCACCAGTCTGACTGTTTCCATCAAGGGTACACTGCCTTCTCAACTCCA
A CTGACTCTTAAGAAGACTGCATTATATTTATTACTGTAAGRAAATATC
WCTTGTCAATAAAATCCATACATTTGTGT E

Format Sequence .
Program (v BlastN [ | BlastX [ |TBlastX o0 | o
Database | nr -
E-value 0.001 ¥
_clear | sumn_|

Status: Submitting the job to the server with queryCMD=Put8.QUERY_BELIEVE_DEFLINE...

Fig. 3.25. BLAST search status at the time of submission
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= SwingBlast Version 2.4

SwingBlast Blast Result Help

SequUence ;uraGGGGAGAACCTAGGGTGATATTAACCAGGGGCCATGAATCACCTTT

AACTGACTCTTAAGAAGACTGCATTATATTTATTACTGTAAGARAATATE 7z
ACTTGTCAATAAAATCCATACATTTGTGT v
Format Sequence
Program [viBlastN [ |BlastX [ |TBlastX | 1.0
Databhase |m' w»
Evaue  |0.001 ¥
| Clear | Submit

Status: Time left 9s before requesting the result

BTG AT I T T ICAGG L TAGETCTATGTACT ICATGUTGICTALALT
BAGAGAGAATGAGAGACACACTGAAGALGCACCAATCATGAATTAGTTTT
ATATGCTTCTGTTTTATAATTTTCTGAAGCARAATTTTITTCTCTAGGALA
AT TTAT T T TAATAATGT TTCARACATATATTACAATGCTGTATTTTAAR
A GAATCATTATGAATTACATTTGTATAAAATAATTTTTATATTTGAAATA
TTGACTTTT TATGGCACTAGTATTTTTATGARATATTATGTTAALACTGG

I

TGETCTGGAGGGAAGCCTTGGGGCTGATCGAGTTGTTGCCCACAGCTGTA
TGATTCCCAGCCAGACACAGCCTCTTAGATGCAGTTCTCAAGAAGATGGT
ICCACCAGTCTGACTGTTTCCATCAAGGGTACACTGCCTTCTCAACTCCA

Fig. 3.26. Printing BLAST search status before getting results

The code for adding BLAST search status is as follows. First, we add a
status label at the bottom left side of the application:

statusLabel = new JLabel (STATUS_LABEL);
statusLabel.setPreferredSize(new Dimension(50, 30));
statusText = new JLabel (STATUS_READY);

JPanel statusPanel = new JPanel();

statusPanel.setBorder(BorderFactory.createEmptyBorder (0, 5,

5,

5));:

statusPanel.setLayout(new BorderLayout());
statusPanel.add(statusLabel, BorderLayout.WEST);
statusPanel.add(statusText, BorderLayout.CENTER);

newContentPane.add(statusPanel, BorderLayout.SOUTH);

If a GI number has been entered in the sequence area, the application

gets the corresponding sequence from GenBank and displays the
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appropriate status message as shown in Fig. 3.24. The code for
implementing this is shown below:

if (isGenBankID) {
boolean canGetSeq = true;

final String statusText = "Retrieving sequence for
GenBank ID " + sequenceText;
try {

SwingUtilities.invokeAndWait(new Runnable() {
public void run() {

SwingBlast2_3.this.statusText.setText(statusText);

}
})i
segObject = genbankSequenceDB.getSequence(text);
} catch (Exception e) {
e.printStackTrace();
}
sequence = seqObject.seqString();
SwingUtilities.invokeAndWait (new Runnable() {
public void run() {
resetStatusText();
}

})i
} catch (IllegalArgumentException iae) {

// ignore because we checked already!
} catch (Exception e) {
canGetSeq = false;

}
if (seq == null || seq.length() == || !canGetSeq) {
JOptionPane.showMessageDialog(SwingBlast2_3.this,
"Cannot get the sequence for GenBank ID " +
sequenceText);
return;
}

Displaying BLAST Results Interactively

Finally, we will enhance the display capabilities of swingBlast so we
can view the results of the BLAST in a graphical and interactive manner.
We will call this swingBlast Version 2.4. The application will appear as
shown in Fig. 3.27.
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= SwingBlast Version 2.4
SwingBlast | Blast Result | Help

Open...

Sequence

Program
Database ni

E-value

[_ Clear | Submit

Status: Ready

Fig. 3.27. Displaying BLAST results interactively

As seen in the Fig. 3.27, the user will select the Blast = Open menu
button to access saved BLAST results. This will open a new window that
will display the results in an interactive format. The data displayed in the
graphical view is obtained by parsing information from the XML output
shown in Fig. 3.28. The data parsed from the XML file includes such fields
as the Hit_id, Hit_definition, Hit_accession, Hit_len, Hit_hsps,
Hsp_number, Hsp_bit-score, Hsp_score, Hsp_evalue, etc. These fields
describe the various attributes of a High Scoring Sequence Pair (HSP),
such as the id, the definition, the GenBank accession number, the length,
score, E-value etc. An HSP is a pair of aligned sequences of arbitrary but
equal length, one derived from the query (input) sequence and one derived
from the database it was searched against, that was returned by the BLAST
search. The HSPs represent sequences whose alignment is locally
maximal and for which the alignment score meets or exceeds a threshold
or cutoff score provide by the user.
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B blastn,tx! - Notepad

Fe Edt Format Yew Hep
<7xm] version="1,0"7><!DOCTYPE BlasTOUTPUT PUBLIC “-//NCBI//NCBI BlastoOuTput/EN"
"NCBI_Blastoutput. dud”><Blastoutput> <Blastoutput ogram>blastn</Blastoutput_program:
<Blastoutput_version>blastn 2.2,10 [0ct-19-2004]</B]astoutput_version:
<Blastoutput_references~keference: Altschul, Stephen F., Thomas L. Madden, Alejandro A,
schaffer, ~Jinghui Zhang, Zheng Zhang, webb Miller, and pavid 3. Lipman (1997)
~&0uot;Gapped BLAST and PSI-BLAST: a new generation of protein database
saarch-programséquot; Nucleic Acids res. 25:3389-3402.</Blastoutput_references
<Blastout ut_ﬂh>nrx/aﬁastoutpur_db> <BlastouTput_query-
0111 229?</a1astoutgut_query—lb> <Blastoutput_query-def=hp</Blastoutput_guery-defs
<Blastoutput_guery-len>420</81astoutput_guery-1en> <Blastoutput_params: <Parameters:>
<Parameters_expect>0, 001« /Parameters_gxpect> <Parameters_sc-
match-1</Parameters_sc-match: <Parameters_sc-mismatche-3</Parameters_sc-mismatchs>
<Parameters_gap-opensS</Parameters_gap-opens <Parameters_gap-
extends2</Paramneters_gap-extends> </Parameters> </BlasToOuTpuUT_params>
<Blastoutput_1iterations> <Iteration:> <Iteration_iter-num>l</Iteration_iter-num:>
<Iteration_hits> <HIT> <Hit_num>1</HiT_nums:
<Hit_1d>gl | 6095595 |ref|NM_000492. 2| </HiT_1d> <HitT_def>Homo sagiens cystic
fibrosis transmembrane conductance regulator, ATP-binding cassette (sub-family C, member
7 (CFTR), mANA</HiT_defs <Hit_accession>nM_000492</Hit_accession>
<HIT_len>6129</Hit_len> <HiT_hsps> <HSp>
<Hsp_num=1</Hsp_num: <Hsp_bit-score>B833. 0B2</Hsp_bit-score>
<Hsp_scorex>420</Hsp_score> <Hsp_evalue>0</Hsp_evalue>

<Hsp_querﬁ-fruﬂ>1</Hsp_query-from> <Hsp_query-to>420</Hsp_query-to>
<Hsp_hit-from:=1</Msp_hit-Trom: <Hsp_hit-Tox420</Hsp_hit-To>
<Hsp_guery-frame>1l</Hsp_guery-frame> I <Hsp_hit-frame>1</Hsp_hit-frame>

<Hsp_identity>420</Hsp_identity> <Hsp_positive>420</Hsp_positives
<Hsp_align-len=420</Hsp_align-len>

<HSP_05 eq=AAT TGEAAGC ARATGACATCACAGCAGGTCAGAGAAAAAGEGT TGAGCGECAGGCACCCAGAGT AGT AGGTCTTTGGCA

TTAGGAGCT TGAGCCCAGACGGECCCT AGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGEAAMMGECCAGCETTGTC

TCCARACT TTTTTTCAGCTGEACCAGACCAAT TT TGAGGAAAGGAT ACAGAC AGCGCCTGGAAT TGTCAGACAT ATACCARATCCCTTC

TGTTGATTCTGCTGACARTCTATCTGAAAAAT TGGARAGAGAAT GEEAT AGAGAGC TGEC T TCAAAGAAAMAT CCTARACTCAT TAATG

COCTTOGGCGATGTTTTTTCTGGAGATTTATGTTCTATGGARTCTTTT TAT AT T T AGGGEAMTCACCARAGCAZ /HSp_gs >

<Hsp_hseq>AATTGGAAGC AAATGACATCAC AGC AGGTCAGAGAAAAMSGGTTGAGCGECAGGCACCCAGAGTAGTAGETCTTTGGCA
TTAGGAGCT TGAGCCCAGACGGCCCT AGC AGGGACCCCAGCGCCCOAGAGACCATGCAGAGGT CGCCTCTGRAMMAGGCCAGCGTTGTC
TCCARACTTTTTT TCAGCTGGACCAGACCAAT TT TGAGGASAGGAT ACAGAC AGCECCTEGAATTGTCAGACAT ATACCAMATCCCTTC o

Fig. 3.28. XML file containing BLAST results data

BLAST results displayed in an interactive format are shown in Fig. 3.29.

£ BLAST Result for file C:\blast\blastnew?. txt X

Blast Result

Input Sequence Neme: gil6995995 ref|WM 000492.2|
Swavary of hits (Scroll down to view alignments)

1. gi|p295995 length: 6129

2. gillB0331 length: 6129

3. gil55629259 length: 6192
4. gi147933787 length: 7528
5. gil|3047170 length: 4446

6. gi|46452254 length: 4449
7. gilg007842 length: 4546

8. gi]54873161 length: 4452
9. gil|55742781 length: 4452
10. gi|1100924 length: 4353
11. gill669376 length: 82512
12. gil|57116613 length: 38971
13. gi|57116333 length: 39128
14, gi|57116329 length: 36066
15. 941131343032 length: 6019

Fig. 3.29. Displaying BLAST results in an interactive format

Clicking on the GI number opens the GenBank record (Fig. 3.30).
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) NEBI Sequence Viewer v2.0 - Mozilla Firefox El@@
Ble Edt Wew Go [ockmorks Tooks el e
1 = g}, \.5;\_ 5 hittp: e, ncbi. it i, govjentrez) fepitdopt=fastats ¥ | @3 Go [(CL

PubMad Hu

Search | Nucleatide

Limits

[ Cispley | | FASTA v | [Send || alltofie =

Ranga; from begn ta end [ Reyarse camplemeanted strand
C1: MM 000492 Reports Home sapeens eyt [gr6995935) Links

*{1| 6995995 ref |NM _DO049Z.2| Homo sSaplems cysStlc CL1brosis Lransmembrans conductance regq
AATTGGAAGC AAATGACATCAC AGCAGGTC AGAGARAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAGG
TCTTTGGCATTAGGAGC TTGAGCCCAGACGGCCCTAGT AGGGACCCCAGCGLCCGAGAGACCATGCAGAG
GTCOCCTCTEOAAMGGCCAGCGTTOTCTCCAAACTTTTTTTCAGC TOGACC AGACCARTTTTGAGGAAL
GGATACAGACAGCGCCTGGAATTGTCAGACATATACCARATCCCTTCTGTTGATTCTGC TGACAATCTAT
CTGARAAATTGGAAAGAGAATGGTEATAGAGAGT TGGCTTCARAGARRAATCCTAAACTCRATTAATGCCCT
TCGGCGATGTTTT T TC TGCAGAT TTATGTTCTATGGARTCTTT T TATATTTAGGGGARGTCACCARAGCA
GTACAGCCTCTCTTACTGGGAAGARTCATAGCTTCCTATGACCCOGATAAC AAGEAGGAACGCTCTATCG
AT TTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCTCCTACACCCAGCCATTTT
TGGCCTTCATCACATTGGAATGC AGATGAGRATAGCTATGTTTAGTTTGATTTATAAGARGACTTTARAG
AT A A T AT L G LT b T L R R T T R o b L& e R
< >

[ | Done
Fig. 3.30. Accessing GenBank record from BLAST results

Let’s add the code that displays the BLAST results interactively. First,
we add a menu item "BLAST Result" in the menu bar:

JMenu blastMenu = new JMenu("Blast Result”);
openItem = new JMenultem("Open..."});
blastMenu.add(openlItem);
menu.add(blastMenu);

Next we create a method called displayBlastResult () that takes a file
name containing the BLAST results (that we saved earlier) as a parameter.
The code is shown below:

private void displayBlastResult(final String
blastFileName) {

final JDbialog blastDialog = new JDialog(this, "BLAST
Result for file " + blastFileName, false);

final JTextArea textArea = new JTextArea();

final Font sf = textArea.getFont();

Font £ = new Font ( "Monospaced”, sf.getStyle(),
sf.getSize());

textArea.setFont(f);

Runnable runnable = new Runnable() {
public void run() {
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Collection blastHits =
extractBlastHits (blastFileName);

final String text = createReport(blastHits, new
ColorFormatterDNA());

SwingUtilities.invokeLater (new Runnable() {
public void run() {
textArea.setText(text);
}
Y
}
Yi
new Thread(runnable).start();
textArea.setLineWrap(true);
final JMenuBar menuBar = new JMenuBar();
JMenu menu = new JMenu("Blast Result");
blastDialog.setJMenuBar(menuBar);

JMenultem openItem = new JMenultem("Open...");
openItem.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent e) {

final String blastResult = getBlastFileFromUser();
if (blastResult != null)
displayBlastResult(blastResult);
}
)i
menu.add(openltem);

JMenultem menultem = new JMenultem("Close");
menultem.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent e) {

closeMenu(blastDialog);
}
i
menu.add (menultem);
menuBar.add(menu);
blastDialog.addWindowListener(new WindowAdapter() {
public void windowClosing(WindowEvent e) {
closeMenu(blastDialog);
}

})i
blastDialog.getContentPane() .add(new

JScrollPane(textArea));
blastDialog.setSize(CP_PREF SIZE);
centerLocation(blastDialog);
blastDialog.setVisible(true);

}

Next we add a method to create the report called createReport()
which takes the Collection object and a color formatter object called
ColorFormatter

private String createReport(Collection blastHits,
ColorFormatter colorFormatter) {
StringBuffer summary = new
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StringBuffer("<html><body style=\"font-family: 'Monospaced',
Courier\">" +

"Input Sequence Name: + inputSegName +

"\n");
StringBuffer alignments = null;
if (blastHits == null || blastHits.size() == 0) {
summary.append("No hits found from BLAST");
} else {

summary.append("Summary of hits (Scroll down to
view alignments)\n" +

BlastHit hit;
BlastHsp hsp;
Iterator iterator = blastHits.iterator();

alignments = new StringBuffer("\nAlignments\n"
+
BTt \n");
int i = 1;
while (iterator.hasNext()) {
hit = (BlastHit) iterator.next();
String hitId = hit.getHitId();
String genbankId = getGenBankId(hitId);
StringBuffer tmp = new StringBuffer("" +
i++)

.append(". gi|<a
href=\"http://www.ncbi.nlm.nih.gov/entrez/viewer. fcgi?dopt=£fa
sta&list_uids=" + genbankId +
"\">").append(genbankId) .append("</a> length:

") .append(hit.getHitLen())
.append("\n");
summary.append(tmp);
alignments.append(tmp) ;
Iterator hspIte = hit.getHsps().iterator();
while (hspIte.hasNext()) {
hsp = (BlastHsp) hspIte.next();
alignments.append("Score =
") .append(hsp.getBitScore()).append(" bits E-Value: ")

.append(hsp.getEvalue()).append("\n\n");

int queryFrom =
Integer.parselnt(hsp.getQueryStart());

int queryTo =
Integer.parselnt (hsp.getQueryEnd());

int subjectFrom =
Integer.parselnt (hsp.getSubjectStart());

int subjecTo =

Integer.parselInt(hsp.getSubjectEnd());
appendSequences(alignments,
hsp.getQseq(), hsp.getMidline(), hsp.getHseq(),
NUMB_OF CHAR_PER_LINE,
queryFrom, queryTo,
subjectFrom, subjecTo, queryFrom < queryTo, subjectFrom <
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subjecTo, colorFormatter);
alignments.append("\n");

}
alignments.append("\n");
}
summary.append(alignments);
}
return

summary.append ("</body></html>").toString().replaceAll("\n",
”<BR> L ) ;

}

The color formatter that adds colors to the DNA alignment is as follows:

private class ColorFormatter implements ColorFormatter {
public String format(String s)
String upperCaseSeq = s.toUpperCase();
String color;
String letter;
for (int i = 0; i < letters.length; i++) {
letter = letters[i];
color = letterToColor.get(letter);

upperCaseSeq = upperCaseSeq.replaceAll(letter,
"<font color=\"" + color + "\">" + letter + "</font>");

}

return upperCaseSeq;

}

The output of the program, which we call SwingBlast 2.5, is shown in
Fig. 3.31-3.32. Fig. 3.1 shows a high scoring alignment with a top hit (no
gaps) and Fig. 3.32 shows alignment with a sequence with a lower score
(with gaps).
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[a)aka) SwingBlast Version 2.5

SwingBlast Blast Result Help
>gi| 6995995 | ref |[NM_000492.2| Homo sapiens cystic fibrosis transmembrane

conductance regulator, ATP-binding cassette (sub-family C, member 7) (CF

ATTGTCAGACATATACCARATCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAATT Query
FELEEREEELEE LT LR L EEEEETEEETrT
ATTGTCAGACATATACCAAATCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAATT Ma
GGARAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAAACTCATTAATGCCCT Query:
FELREREEETCLLE LR EE PR LRt
GGAARGAGAATGGGATAGAGAGC TGGCTTCAAAGAARAATCCTARACTCATTAATGCCCT Ma
TCGGCGATGTTTTTTCTGGAGATTTATG T TCTATGGAATCTTTTTATATTTAGGGGAAGT Query:
CELECLEEEE R R L
TCGGCGATGTTTTTTCTGGAGATTTATGT TCTATGGARTCTTTTTATATTTAGGGGAAGT Match:
CACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACCOGGATAA Query
R
CACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACCOGGATAA Ma

CAAGGAGGAACGC TCTATCGCGATTTATCTAGGCATAGGC TTATGCCTTCTCTTTATTGT
FEPRERLLELLLLELEEE LR LR LR LEEEEEETETETTT
CAAGGAGGAACGCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGT Ma

TR), mRNA
AATTCCAMCCA AAR
TCTT 'CCAGAL CCAGCGCCC
< o GGATA CAAATCCCTTCTGTTGATTICTCCTGACAATCTAT
[-Xa):] BLAST Result for file /Users/hujol/blast-result-small.txt INTTAATGCCCT
Blast Result g C
CAGCCATTTT
Alignments i&cm | =
______ TACTTCAAT 4
1. gi|90421312 length: 6132 CAMAG v
Score = 1150.26 bits E-Value: 0 prTAA =
CAGGCACCCAGAGTAGTAGGTCTTTGGCATTAGGAGC TTGAGCCCAGACGGCCCTAGCAG Query: 1..60
FELEERLLERLLLEEELEL R LR L EEEEEEEEEETTTTT
CAGGCACCCAGAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAG Match: 51..110
GRACCCCAGCROCK CATGCAGAGETOGLCTC A CAGCGTTGICTC Query: 61..120
IIIIIIIi|IIIII||||]IIIII|IIJ|IIIIIII[III|IIIIIIII|]IIIIIIIIImm'l S
GGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCETTGTCTC t .
)
CAAACTTTTTTTCAGCTGGACCAGACCAATTTTGAGGAANGGATACAGACAGCGCCTGGA Query: 121..180
FELRERREELEE LR LR EL R EEEEEEEEETET
CAAACTTTTTTTCAGCTGGACCAGACCAATTT ACAGACAGCGCCTGGA Match: 171..230 &
+ 181..240

itch: 231..290
241..300
itch: 291..350
+ 301..360
itch: 351..410
¢ 361..420

itch: 411..470

t 421..480

tch: 471..530

| NS

Fig. 3.31. Alignment without gaps
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000 SwingBlast Version 2.5

SwingBlast Blast Result Help
>gi| 6995995 |ref |NM_000492.2| Homo sapiens cystic fibrosis transmembrane
conductance regulator, ATP-binding cassette (sub-family C, member 7) (CF
TR), mMRNA
ANTTCGAAGCARATCACATCACAGCACGTCAGAGAMANGGCTTGAGCCGCAGGCACCCAGAGTAGTAGS
TCTTTCGCCATTACCAGCTTCACCCCACACCGCCCTACCACCGCACCCCACGCCCCCCACACACCATGCAGAG
GTCGCCTCTGGAAM CCAGCGTTGTCTCCAAACTTTTTTTCAGCTGCGACCAGACCARTTTTGAGGALA
3 GCA CAGCGCCTGCAATTCTCAGACATATACCARATCCCTTCTCTTCATTCTGCTGACAATCTAT
8eNne BLAST Result for file /Users/hujol/blast-result-small.txt !ATTAATGCCCT
ITCACCAMAGCA
Blast Result \ACGCTCTATCG
o CCAGCCATTTY
: 305..356 EOCTAOGARGA
e d \GATACTTCAAT

ATATTTAGGGG 3
|I||I IEIII|||I||||||1||I||||||I| IIII I||||I||||I|I =
CTGGAGATTT. ATGGACTC TATTTAGGGG Match: B9083..89134 [CTANTCANRG | ¥

Score = 123,399 bits E-value: 6.87635e-25

TTAGGAGCT CCAGACGGCCCTAGCAGGGACCC! C Query: 23..82
II||I||F|I|II|I|III|]||II IR |I||||I|IIII
TTTGGCATTAGGAGCTGGAGCCCAGCCT Gccccmcamc.mc CGACGCGCGCAGCGAC Match: 56719..56778
CATGCAGAGG CTCTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTTTT CAG Query: 83..135 E—. =
I|I|||IiIIII||||I|II|'II|||IIII|II |||||I|II|I|IIIIIII Clear ) ( Submit )
CATGCAGAGG TOGCCTCTGGAAAAGGCCAGCGTCCTCTCCAAACTTTTTTT 'CAG Match: 56779..56832
23, gi|14572135 length: 150149 —_—

Score = 287.934 bits E-Value: 2.02895e-74

GGAAGTCACCARAGCAGTA ACTGGGAAGAATCATAGCTTCCTATGACCC Querys 355..414
IIIIIIIIIIIIIIIIII IIJIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIII I
GGAAGTCACCAAMGC.

AGTCCAGCC TTCCTATGATCC Match: 67619..67678

GGATRARCA ACGCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTT Query: 415..474
PEECCEEEE EEREEEEEEr T P L
AGATARCAAGCAGGAACGCTCCATTGCAATCTACCTAGCCATTGGCTTATGCCTTCTCTT Match: 67679..67738

TATTGTGAGGACACTGCTCCTACACCCAGCCATTTTTGGCC, ATCACA’ 'GCA Query: 475..534

IUETEEE T TEELT ]|||||||||||||||||||||||||||||||||||||

TATCATGAGGCCGCTGCTCCTGCACCCAGCCATTTTTGGCCTTCATCACATTGGAATGCA Match: 67739..67798

GATGAGAATAGCTATGTTTAGTTTGATTTATAAGAAG Query: 535..571

||| |||i|||||||||||||]||||||||||||J|| ()]
TCAGAATAGC' ATAAGARG Match: 67799..67835

Score = 143.222 bits E-value: 7.41102e-31

Fig. 3.32. Alignment with gaps

Summary

In this Chapter we have demonstrated the development of a complete
BLAST application using the NCBI QBlast package. We created BLAST
API and demonstrated how they could be used for BLAST analysis using a
user interface, which allows users to send sequences to the QBlast service.
We demonstrated the use of existing BioJava libraries to retrieve
sequences from GenBank. We also enhanced the BLAST search output by
allowing users to link returned hits to GenBank and to view alignments in
color. The NCBI BLAST service is an indispensable resource for
biomedical research and is frequently among the first analytic tool that is
used in routine research investigations. The purpose of this Chapter was to
provide the user with a comprehensive understanding of the resource as
well as to demonstrate how J2EE can be used to develop user-friendly
applications to simplify this fundamental research activity. In the next
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Chapter, we will explore another useful resource — PubMed and expose a
different aspect of Java — namely, JavaServer Pages and Java Servlets.

Questions and Exercises

1. We have built SwingBlast to retrieve sequences from GenBank.
Enhance the application by including the functionality to retrieve
sequences from other data sources such as Ensembl, Swiss-Prot,
ete.

2. The aim of BLAST searches is to provide information on the
biological function of an unknown piece of nucleotide or protein
sequence. Write an application that takes the basic SwingBlast
framework and provides information on the returned hits from
other functional data sources such as Entrez Gene, UniGene, Gene

Expression Omnibus (GEO), HomoloGene, OMIM (Online
Mendelian Inheritance in Man™), etc.

Additional Resources

* Ensembl - http://www.ensembl.org/index.html

* Entrez Gene - http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene
* GEO - http://www.ncbi.nlm.nih.gov/projects/geo/

* HomoloGene - http://www.ncbi.nlm.nih.gov/entrez/query .fcgi

*  OMIM - http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM

*  Swiss-Prot - http://www.expasy.org/sprot/

*  UniGene - http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene

¢ QBlast - http://www.ncbi.nlm.nih.gov/BLAST/Doc/urlapi.html
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