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APPENDIX 

 

1.1. uORFSCAN source code 

 

The source code of uORFSCAN is written in Java (see below), and the 

executable uORFSCAN program can be found at 

http://www.biomedcentral.com/1471-2164/9/361/additional/. 

  
//***************************************************************************** 
// uORFPipeLine.java 
//***************************************************************************** 
import java.util.*; 
import java.io.*; 
 
//The four stages of uORFPipeline: 1) initialisation, 2) find mainORF, 3) find 
//uORFs, and 4) alignment of uORFs and result output. 
public class uORFPipeLine 
{ 
 /** 
 * @param args not used. 
 */ 

public static void main (String[] args) 
 { 
  int     numOfSeq; 
  List    listOfcDNAs; 
  List    mainORFs; 
   
  try 
  { 
   System.out.println("uORFScan v1.0"); 
   System.out.println("-------------"); 
    
   System.out.print("Resetting folders..."); 
   uORFPipeLine.checkDirectory(); 
   uORFPipeLine.deleteDirectory(new File("uORFs")); 
   uORFPipeLine.deleteDirectory(new File("alignments")); 
   uORFPipeLine.deleteDirectory(new File("predictions")); 
   uORFPipeLine.deleteDirectory(new File("errors")); 
   System.out.println("completed!"); 
    
   System.out.print("\nEnter the MINIMUM number of species  
                          that uORFs need to be conserved in: "); 
   uORFScan.minSpecieConservation = Keyboard.readInt(); 
   System.out.print("\nEnter length similarity of uORFs to  
                          be aligned (e.g. 0.2 for 20%): "); 
   uORFScan.lengthSimilarity = Keyboard.readDouble(); 
 
   File directory = new File("inputs"); 
   String[] files = directory.list(new TxtFilter()); 
   if (files.length == 0) 
   { 
    System.out.println("\nERROR: No input files  
                                 detected!"); 
   } 
    
   for (int i=0; i<files.length; i++) 
   { 
    System.out.println("\nLOADING FASTA FILE: " +  
                                 files[i] + "...(Stage 1 of 4)");  
  
    numOfSeq    =  
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                                 uORFScan.getNumberOfSequences("inputs/" +  
                                     files[i]); 
    listOfcDNAs = uORFScan.parseFASTA("inputs/" +  
                                 files[i],numOfSeq); 
    System.out.println("\tcompleted!"); 
     
    System.out.println("\nFINDING MAIN ORFs...(Stage  
                                 2 of 4)"); 
    mainORFs = uORFScan.findMainORF(listOfcDNAs); 
    System.out.println("\tcompleted!"); 
     
    if (mainORFs != null) 
    {  
     System.out.println("\nFINDING ALL  
                                        uORFs...(Stage 3 of 4)"); 
     List orthoClustersFASTA =  
                                        uORFScan.finduORFs(files[i], mainORFs,  
                                           mainORFs.size()); 
      
     //DENOTES CONSERVED uORFs ARE FOUND 
     if (orthoClustersFASTA.size() != 0)  
     { 
       
                                           System.out.println("\tcompleted!"); 
      System.out.println("\nuORF  
                                                 ALIGNMENT AND OUTPUT...(Stage  
                                                   4 of 4)");  
  
  Iterator itr2 = orthoClustersFASTA.listIterator(0); 
  while (itr2.hasNext()) 
  { 
   File file = (File)itr2.next(); 
   File aln  = Align.align(file); 
   if (!aln.exists()) 
    break; 
        
   String filePath = file.getPath(); 
   filePath = filePath.replaceFirst("PEP","ORF"); 
   File file2 = new File (filePath); 
   Map table = AlignParser.parseAlignment(aln); 
        
         double conservation =              
                         AlignParser.calculateConservation(table); 
                    System.out.println("\t\tAvg. sequence similarity: " +  
                         conservation + " %\n"); 
                  
                      AlignParser.writeResults(table,aln,conservation,file2); 
  } 
        
               System.out.println("\t\ncompleted!");  
 } 
 else System.out.println("\tno uORFs found!");}  

}} 
 catch (Exception e) 
 { 
  e.printStackTrace(); 
 }} 
  
 /** 
 * Deletes all files in directory. 
 * @param dir directory file 
 */ 

public static void deleteDirectory(File dir) 
 { 
        if (dir.isDirectory())  
        {  
            String[] children = dir.list(); 
            for (int i=0; i<children.length; i++)  
            { 
                deleteDirectory(new File(dir, children[i])); 
            } 
            if (dir.getPath() != "uORFs" && dir.getPath() != "alignments" &&  

        dir.getPath() != "predictions" && dir.getPath() != "errors") 
             dir.delete(); 
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        } 
        else dir.delete();     
    } 
     
 
    /** 
    * Creates new directories if they do not exist. 
    */ 
    public static void checkDirectory() 
    { 
   List l = new ArrayList(); 
   l.add("uORFs"); 
   l.add("predictions"); 
   l.add("alignments"); 
   l.add("errors"); 
   l.add("inputs"); 
    
    Iterator itr = l.listIterator(0); 
    while(itr.hasNext()) 
    { 
     String str = (String)itr.next(); 
     File f = new File(str.toString()); 
     if (!f.exists()) 
     { 
      f.mkdirs(); 
     } 
    } 
    } 
} 
 
//***************************************************************************** 
// uORFScan.java 
//***************************************************************************** 
import java.util.*; 
import java.io.*; 
import java.util.regex.*; 
 
 
public class uORFScan 
{  
 static int minSpecieConservation; 
 static double lengthSimilarity; 
  
 /** 
  * Count the number of sequences in the input file. 
  * @param filename file name of input file. 
  */ 
 public static int getNumberOfSequences(String fileName) 
 { 
  int counter = 0; 
  BufferedReader br = null; 
  try 
  { 
   br = new BufferedReader(new FileReader(fileName)); 
   String line = br.readLine(); 
    
   while (br.readLine() != null) 
   { 
    if (line.indexOf(">") == 0) 
     counter++; 
    line = br.readLine();  
   } 
  } 
  catch (Exception e) 
  { 
   System.out.println(e); 
  }  
  return counter;    
 } 
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 /** 

* Parses the input file and returns a List of cDNA objects. 
* @param filename file name of inout file. 
* @param numberOfSequences number of sequences in input file. 
* @returns a List of cDNA objects. 
*/  

 public static List parseFASTA(String fileName, int numberOfSequences)  
 { 
  List listOfcDNAs = new ArrayList(); 
  BufferedReader br = null; 
  StringBuffer sb = null; 
  cDNA c = null; 
  String line, id, description, sequence; 
  String[] splits = null; 
 
  try 
  { 
   br = new BufferedReader(new FileReader(fileName)); 
   line = br.readLine(); 
 
   for (int i=0; i<numberOfSequences; i++) 
   { 
    sb = new StringBuffer(); 
    splits = line.split("\\s",2); 
    id = splits[0]; 
    id = id.substring(1,splits[0].length()); 
    if (splits.length == 1) 
     description = ""; 
    else description = splits[1];  
    line = br.readLine(); 
    sequence = line; 
    c = new cDNA(id,description,sequence); 
    listOfcDNAs.add(c); 
    line = br.readLine(); 
   } 
  } 
  catch (Exception e) 
  { 
   System.out.println(e); 
  } 
   
  return listOfcDNAs;  
 } 
  
      /** 
      * Finds ORFs. 
      * @param sequence nucleotide sequence. 
      * @param cDNAId identifier of cDNA. 
      * @param cDNADescription description of cDNA. 
      * @param cDNASequence sequence of cDNA. 
      * @returns a List of sequences. 
      */ 
 public static List findORFs(String sequence, String cDNAId, String  
           cDNADescription, String cDNASequence) 
 {  
  List ORFs = new ArrayList(); 
  Pattern ATGpattern = Pattern.compile("ATG"); 
  Matcher matchATG   = ATGpattern.matcher(sequence); 
  String sequenceContext; 
    
  while (matchATG.find()) 
  { 
   int ATGindex = matchATG.start(); 
    
   Pattern stopPattern =  
                         Pattern.compile("(...)*?(TAG|TAA|TGA)"); 
   Matcher matchStop = stopPattern.matcher(sequence); 
    
   while (matchStop.find(ATGindex)) 
   { 
    String orfSequence = matchStop.group(0); 
    int stopIndex = matchStop.end(); 
    int orfLength = stopIndex - ATGindex; 
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    if (orfSequence.startsWith("ATG") &&   
                                 orfLength>=6) 
                       { 
                 if (ATGindex-3 <0)     

               { 
              sequenceContext = cDNASequence.substring(0,  
                                     ATGindex+7); 
                 } 
                 else  
                 { 
                 sequenceContext =  
                                cDNASequence.substring(ATGindex-3, ATGindex+4); 
                              } 
      
                              ORF orf = new ORF (cDNAId, cDNADescription,   
                               cDNASequence, ATGindex, stopIndex, orfLength,  
                                orfSequence,sequence.length(),sequenceContext); 
 
                              ORFs.add(orf); 
                              break; 
                              } 
                              else break; 
                              }      
                           } 
                           return ORFs; 
                     } 
  
      /** 
      * Find main ORF. 
      * @param listOfcDNAs a List of cDNA objects. 
      * @returns a List of main ORFs. 
      */ 
 public static List findMainORF(List listOfcDNAs) 
 { 
  List mainORFs = new ArrayList(); 
  List ORFs = null; 
  cDNA cDNA = null; 
  ORF orf   = null; 
   
  Iterator itr = listOfcDNAs.listIterator(0); 
  while (itr.hasNext()) 
  { 
   cDNA = (cDNA)itr.next(); 
   ORFs =                 
uORFScan.findORFs(cDNA.sequence,cDNA.id,cDNA.description,cDNA.sequence); 
   Collections.sort(ORFs); 
   if (ORFs.size()>0)  
   { 
    orf = (ORF)ORFs.get(0); 
    orf.mORFStartIndex = orf.startIndex;  
  orf.intercistronicDist = orf.mORFStartIndex - orf.endIndex; 
    mainORFs.add(orf); 
    System.out.println(orf.toString3()); 
   } 
  } 
  return mainORFs; 
 } 
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      /** 
       * Print main ORFs. 
       * @param parentDir parent directory. 
       * @param fileName file name. 
       * @param mainORFs a list of main ORFs objects. 
       */ 
 public static void printMainORFs(String parentDir, String fileName, List   
            mainORFs) 
 { 
  BufferedWriter bw = null; 
 
  try 
  {  
   fileName = fileName.substring(0,fileName.indexOf(".")); 
   bw = new BufferedWriter(new FileWriter(parentDir + "/" +  
                          fileName + "_mORF" + ".fasta")); 
    
    
   Iterator itr = mainORFs.listIterator(0); 
   while (itr.hasNext()) 
   { 
    ORF mORF = (ORF)itr.next(); 
    bw.write(mORF.toString()); 
   } 
    
   bw.close(); 
    
   ORF mORF = (ORF)mainORFs.get(0); 
   bw = new BufferedWriter(new  
                          FileWriter("predictions/mORFContext.fasta",true)); 
   bw.write(mORF.id + "_mORF@" + mORF.startIndex + "_" +                 
                          mORF.length + "_" + mORF.intercistronicDist + "\t" +  
                          mORF.sequenceContext + "\n"); 
    
   bw.close(); 
  } 
  catch(IOException e) 
  { 
   e.printStackTrace(); 
  } 
 } 
   
 /** 
       * Find uORFs. 
       * @param filename input file name. 
       * @param mainORFs a List of main ORF objects. 
       * @param numOfMainORFs number of main ORFs 
       * @returns a List of input files. 
       */ 
 public static List finduORFs(String fileName, List mainORFs, int  
           numOfMainORFs) 
 {   
  List fastaFiles = new ArrayList(); 
  File fasta = null; 
   
  ORF mainORF = (ORF)mainORFs.get(0); 
  String leaderSequence =  
                  mainORF.cDNASequence.substring(0,mainORF.startIndex); 
  List uORFs =  
  findORFs(leaderSequence,mainORF.id,mainORF.description,mainORF.cDNASequence); 
   
  List conservedUORFs = null; 
   
  Iterator itr1  = uORFs.listIterator(0); 
  Iterator itr2  = mainORFs.listIterator(1); 
  while (itr1.hasNext()) //iterate through uORFs 
  { 
   conservedUORFs = new ArrayList(); 
    
   ORF uORF = (ORF)itr1.next(); 
   conservedUORFs.add(uORF); 
   while (itr2.hasNext()) 
   { 
    ORF nextcDNA = (ORF)itr2.next(); 
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    leaderSequence =  
                        nextcDNA.cDNASequence.substring(0,nextcDNA.startIndex); 
    uORFs = 
findORFs(leaderSequence,nextcDNA.id,nextcDNA.description,nextcDNA.cDNASequence)
; 
    ORF bestORF = findBestMatchedORF(uORF,uORFs); 
     
    if (bestORF != null) 
     conservedUORFs.add(bestORF);  
   
   } 
   itr2 = mainORFs.listIterator(1); 
    
   if (conservedUORFs.size()>=minSpecieConservation) 
   { 
    fasta =                      
uORFScan.writeConservedUORFs(fileName,conservedUORFs,mainORFs); 
    fastaFiles.add(fasta); 
   } 
  } 
  
  return fastaFiles; 
 } 
  
  
      /**  
       * Write conserved uORFs. 
       * @param filename input file name. 
       * @param conservedUORFs a List of conserved uORF objects. 
       * @param mainORFs a List of main ORF objects. 
       * @returns a input file. 
       */ 
 public static File writeConservedUORFs(String fileName, List  
           conservedUORFs,List mainORFs) 
 { 
  BufferedWriter bw  = null; 
  String parentDir   = null; 
  String outputDir   = null; 
  String clusterSize = conservedUORFs.size() + "of" +  
                    mainORFs.size(); 
  File fasta = null; 
   
  try 
  { 
   parentDir = "uORFs/" + clusterSize + "/" +  
                         fileName.replaceFirst(".txt",""); 
   File f = new File (parentDir);       
                       f.mkdirs(); 
   printMainORFs(parentDir,fileName,mainORFs); 
    
   ORF uORF = (ORF)conservedUORFs.get(0); 
   outputDir = parentDir + "/" + uORF.id + "_uORF@" + 
uORF.startIndex + "_" + uORF.length + "_" + uORF.intercistronicDist + ".fasta";  
   bw = new BufferedWriter(new FileWriter(outputDir,true)); 
    
   Iterator itr = conservedUORFs.listIterator(0); 
   while(itr.hasNext()) 
   { 
    ORF nextuORF = (ORF)itr.next(); 
    bw.write(nextuORF.toString()); 
   } 
   bw.close(); 
    
   outputDir = parentDir + "/" + uORF.id + "_uPEP@" + 
uORF.startIndex + "_" + uORF.length + "_" + uORF.intercistronicDist + ".fasta";  
   bw = new BufferedWriter(new FileWriter(outputDir,true)); 
   fasta = new File (outputDir); 
    
   itr = conservedUORFs.listIterator(0); 
   while(itr.hasNext()) 
   { 
    ORF nextuORF = (ORF)itr.next(); 
    bw.write(nextuORF.toString2()); 
   } 
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   bw.close(); 
     
   outputDir = "predictions/uORFContext.fasta"; 
   bw = new BufferedWriter(new FileWriter(outputDir,true)); 
   bw.write(uORF.id + "_uORF@" + uORF.startIndex + "_" + 
uORF.length + "_" + uORF.intercistronicDist + "\t" + uORF.sequenceContext + 
"\n"); 
    
   bw.close(); 
     
  } 
  catch(IOException e) 
  { 
   e.printStackTrace(); 
  } 
  return fasta; 
 } 
  
      /**  
       * Find best matched ORF. 
       * @param queryORF query ORF. 
       * @param subjectORFs subject ORFs. 
       * @returns a ORF object. 
       */ 
        public static ORF findBestMatchedORF(ORF queryORF, List subjectORFs) 
 { 
  List subjectORFsSimQueryLength = new ArrayList(); 
  Iterator itr = subjectORFs.listIterator(0); 
  while (itr.hasNext()) 
  { 
   ORF subjectORF = (ORF)itr.next(); 
   if (isSimilarLength(queryORF,subjectORF)) 
    subjectORFsSimQueryLength.add(subjectORF); 
  } 
   
  ORF emptyORF = null; 
  ORF bestORF = null; 
   
  if (subjectORFsSimQueryLength.size()==0) 
  { 
   bestORF = null; 
  } 
  else bestORF  = (ORF)subjectORFsSimQueryLength.get(0); 
   
  if (subjectORFsSimQueryLength.size()==0) 
  { 
   return emptyORF; 
  } 
  else  
  { 
   itr = subjectORFsSimQueryLength.listIterator(1); 
   while (itr.hasNext()) 
   { 
    ORF subjectORF = (ORF)itr.next(); 
    int a = Math.abs(bestORF.startIndex -   
                                      queryORF.startIndex); 
    int b = Math.abs(subjectORF.startIndex -   
                                      queryORF.startIndex); 
    int c = Math.min(a,b); 
    if (c != a) 
    { 
     bestORF = subjectORF; 
    }  
   } 
   return bestORF; 
  } 
 } 
  
      /** 
       * Returns true if two ORFs are similar in length, otherwise false. 
       * @param queryORF query ORF. 
       * @param subjectORF subject ORF. 
       * @returns boolean. 
       */ 
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 public static boolean isSimilarLength(ORF queryORF, ORF subjectORF) 
 { 
  if (queryORF.length >= (subjectORF.length - 
lengthSimilarity*queryORF.length) && queryORF.length <= (subjectORF.length +  
lengthSimilarity*queryORF.length)) 
   return true; 
  else return false;   
 } 
} 
 
//***************************************************************************** 
// AlignParser.java 
//***************************************************************************** 
import java.io.*; 
import java.util.*; 
 
public class AlignParser 
{  
         
      /** 
       * Counts the number of sequences in the multiple alignment. 
       * @param path of alignment file. 
       * @returns the number of sequences in the multiple alignment. 
       */ 
 public static int getNumberOfSequences(String path) 
 { 
  int counter = 0; 
   
  try 
  { 
   BufferedReader br = new BufferedReader(new  
                          FileReader(path)); 
    
   String line = br.readLine(); 
   for (int i=0; i<3; i++) 
    line = br.readLine(); 
    
   while (!line.startsWith(" ")) 
   { 
    counter++; 
    line = br.readLine(); 
   } 
   br.close(); 
  } 
  catch(Exception e) 
  { 
   System.out.println(e); 
  } 
   
  return counter; 
 } 
     
 
      /** 
       * Converts CLUSTAL W alignment so that there is no "wrapping". 
       * @param aln alignment file. 
       * @returns a Map structure of alignment. 
       */ 
 public static Map parseAlignment (File aln) 
 { 
  String filePath = aln.getPath(); 
  int numberOfSequences = getNumberOfSequences(filePath);  
  int rowNumber         = 0; 
  String[] subStrings = null; 
  Map table = new LinkedHashMap(); 
 
  try 
  { 
   BufferedReader br = new BufferedReader(new  
                         FileReader(filePath)); 
    
   String line = br.readLine(); 
   for (int i=0; i<2; i++) 
    line = br.readLine(); 
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   while (line != null) 
   { 
    int rowLength=0; 
     
    for (int i=0; i<numberOfSequences; i++) 
    {  
     line = br.readLine(); 
     subStrings = line.split("\\s",2); 
     if (!table.containsKey(subStrings[0])) 
     { 
      StringBuffer sb = new  
                                                StringBuffer(); 
      table.put(subStrings[0],  
                                              sb.append(subStrings[1].trim())); 
      rowLength =  
                                              subStrings[1].trim().length(); 
     } 
     else 
     {  
      StringBuffer sb =                                            
                                        (StringBuffer)table.get(subStrings[0]); 
      table.put(subStrings[0],  
                                         sb.append(subStrings[1].trim())); 
      rowLength =  
                                         subStrings[1].trim().length(); 
     }  
    } 
    line = br.readLine(); 
    if (!table.containsKey("annotation")) 
    { 
     rowNumber++; 
     StringBuffer sb = new StringBuffer(); 
     String annotationSubsequence =  
                                      line.substring(line.length()-  
                                      rowLength,line.length()); 
     table.put("annotation",  
                                        sb.append(annotationSubsequence)); 
    } 
    else 
    { 
     rowNumber++; 
     StringBuffer sb =  
                                        (StringBuffer)table.get("annotation");  
     String annotationSubsequence =  
                                         line.substring(line.length()- 
                                            rowLength,line.length()); 
     table.put("annotation",    
                                      sb.append(annotationSubsequence)); 
    } 
    line = br.readLine(); 
   } 
   br.close();     
  } 
  catch(IOException e) 
  { 
   System.out.println(e); 
  }  
  return table;  
    } 
     
 
    /** 
     * Calculate sequence conservation. 
     * @param table Map structure of alignment. 
     * returns a double value of sequence conservation. 
     */ 
    public static double calculateConservation(Map table) 
    {  
  double conservation = 0.0; 
  double count = 0.0; 
  String annotationString =  
                   ((StringBuffer)table.get("annotation")).toString(); 
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  for (int i=0;i<annotationString.length();i++) 
  { 
   if (annotationString.charAt(i) == '*') 
    count++; 
  } 
  conservation =  
                   Math.round((count/annotationString.length())*100); 
   
  return conservation;    
    } 
 
      /** 
       * Output results. 
       * @param table Map structure of alignment. 
       * @param aln alignment file. 
       * @param conservation conservation value. 
       * @param file2 output file. 
       */ 
 public static void writeResults (Map table, File aln, double  
                                        conservation, File file2) 
 { 
  try 
  {   
   String clusterSize = aln.getPath(); 
   clusterSize =  
                         clusterSize.substring(clusterSize.indexOf("of")-       
                         1,clusterSize.indexOf("of")+3); 
    
   List uORFNTSEQ = new ArrayList(); 
   BufferedReader br = new BufferedReader(new  
                                               FileReader(file2)); 
   String line = br.readLine(); 
   while (line !=null) 
   { 
    if (line.startsWith("ATG")) 
     uORFNTSEQ.add(line);  
    line = br.readLine();   
   } 
   br.close(); 
    
   String outputFile =   
                        aln.getName().replaceFirst(".aln",".fasta"); 
   BufferedWriter bw1 = new BufferedWriter (new  
                        FileWriter(new File ("predictions/" + outputFile ))); 
    
   BufferedWriter bw2 = new BufferedWriter (new  
                        FileWriter(new File ("predictions/summary.txt"),true)); 
   bw2.write(clusterSize + "\t" + conservation + "\t"); 
    
   Set entries  = table.entrySet(); 
   Iterator itr = entries.iterator(); 
    
   int counter = 0; 
   while (itr.hasNext()) 
   { 
    Map.Entry thisPair = (Map.Entry)itr.next(); 
    String key = (String)thisPair.getKey(); 
    StringBuffer value =  
                               (StringBuffer)table.get(key); 
    StringBuffer ORFSequence = removeGaps(value); 
     
    if (key.indexOf("annotation") == -1) 
    {       
     bw1.write(">" + key + "\n"); 
     bw1.write(ORFSequence.toString() + "\n" ); 
     bw2.write(key + "\t" +  
                                      ORFSequence.toString() + "\t" +  
                                      uORFNTSEQ.get(counter) + "\t" ); 
     counter++; 
    } 
   } 
   bw2.write("\n"); 
   bw1.close(); 
   bw2.close(); 
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  } 
  catch (Exception e) 
  { 
   e.printStackTrace(); 
  } 
 } 
  
      /** 
       * Remove gaps from ORF sequence. 
       * @param value value. 
       * @returns a stringBuffer of ORF sequence without gaps. 
       */ 
 public static StringBuffer removeGaps(StringBuffer value) 
 {      
  StringBuffer ORFSequence = new StringBuffer(); 
  for (int i=0; i<value.length(); i++) 
  { 
   if (value.charAt(i) != '-') 
   ORFSequence.append(value.charAt(i)); 
  } 
  return ORFSequence; 
 } 
} 
 
//***************************************************************************** 
// Align.java 
//***************************************************************************** 
import java.io.*; 
import java.util.*; 
 
public class Align 
{     
     
    /** 
     * Aligns an orthologue cluster. 
     * @param fasta a File representing a fasta file. 
     * @return reformatted CLUSTALW alignment file. 
     */ 
    public static File align(File fasta) 
    { 
  File alignment    = null; 
  PrintStream ps    = null; 
  String fileName   = null; 
  BufferedWriter bw = null; 
  BufferedReader br = null; 
   
  try 
  {    
   FileOutputStream fos = new FileOutputStream(new   
                                               File("errors/errors.txt"),true); 
   ps = new PrintStream(fos); 
   System.setErr(ps); 
     
   File file1 = fasta.getParentFile(); 
   File file2 = file1.getParentFile(); 
      
   fileName = fasta.getName(); 
   System.out.println("\t" + fileName); 
 
   String outFileParent =   
                               fasta.getParent().replace("uORFs","alignments"); 
   File file = new File (outFileParent); 
   file.mkdirs(); 
    
   String outFilePath = outFileParent + "\\" +  
                                        fileName.replaceFirst(".fasta",".aln"); 
   alignment = new File(outFilePath); 
   Runtime rt = Runtime.getRuntime(); 
   Process proc = rt.exec("cmd /c clustalW " +   
                                     fasta.getPath() + " -type=PROTEIN –  
                                     outorder=input -outfile=" + outFilePath); 
   InputStream is = proc.getInputStream(); 
   InputStreamReader isr = new InputStreamReader(is); 
   br = new BufferedReader(isr); 
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   br.close(); 
   int exitVal = proc.waitFor(); 
   if (exitVal == 0) 
   { 
    System.out.println("\t\taligned successfully"); 
   }  
   else 
   { 
    System.out.println("\t\tERROR: could not align  
                              file!"); 
    bw = new BufferedWriter(new FileWriter(new  
                                   File("errors/errors.txt"),true)); 
    bw.write(fileName + "\tCLUSTALW ERROR: could not               
                                   align!\n"); 
    bw.close(); 
   } 
     
   System.out.println("\t\tconserved in: " +  
                              file2.getName()); 
  } 
  catch(Exception e) 
  { 
   ps.println(e); 
   ps.close(); 
  } 
  return alignment; 
    } 
} 
 
//***************************************************************************** 
// cDNA.java 
//***************************************************************************** 
class cDNA  
{  
 String id;  
 String description; 
 String sequence; 
  

/** 
* @param id identifier of cDNA 
* @param description description of cDNA 
* @param sequence nucleotide sequence of cDNA 
*/ 

 public cDNA(String id, String description, String sequence) 
 { 
  this.id = id; 
  this.description = description; 
  this.sequence = sequence;  
 } 
  
 /** 
 * Return string description of cDNA 
 */ 
 public String toString() 
 { 
  return id + " " + description + "\n" + sequence + "\n"; 
 } 
} 
 
//***************************************************************************** 
// ORF.java 
//***************************************************************************** 
import org.biojava.bio.symbol.*; 
import org.biojava.bio.seq.*; 
import java.util.*; 
import java.io.*; 
 
public class ORF implements Comparable 
{ 
 String id; 
 String description; 
 String cDNASequence; 
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 String orfSequence; 
 String protSeq; 
 String sequenceContext; 
 int startIndex; 
 int endIndex; 
 int length; 
 int mORFStartIndex; 
 int intercistronicDist; 
  
 /** 
 * @param id ORF identifier 
 * @param description ORF annotation 
 * @param cDNASequence cDNA sequence 
 * @param startIndex start index of ORF 
 * @param endIndex end index of ORF 
 * @param length length of ORF in nucleotides 
 * @param oRFSequence ORF nucleotide sequence 
 * @param mORFStartIndex main ORF start index 
 * @param sequenceContext sequence context of ORF 
 */ 
 public ORF (String id, String description, String cDNASequence, int 
startIndex, int endIndex, int length, String orfSequence, int mORFStartIndex, 
String sequenceContext) 
 { 
  try 
  {  
   this.id = id;  
   this.description = description; 
   this.cDNASequence = cDNASequence; 
   this.startIndex = startIndex; 
   this.endIndex = endIndex; 
   this.orfSequence = orfSequence; 
   this.length = length; 
   this.protSeq = null; 
   this.mORFStartIndex = mORFStartIndex; 
   this.sequenceContext = sequenceContext; 
   intercistronicDist = mORFStartIndex - endIndex; 
     } 
     catch (Exception e)  
     { 
   e.printStackTrace(); 
     } 
 } 
  
 /** 

* Returns ORF that has best possible match in position 
*/ 

 public static ORF compareORF(ORF parent, ORF current, ORF temp) 
 { 
  if (current == null) 
   return temp; 
  else  
  { 
   int a = Math.abs(current.startIndex - parent.startIndex); 
   int b = Math.abs(temp.startIndex - parent.startIndex); 
   int c = Math.min(a,b); 
   if (c == a) 
    return current; 
   else return temp;  
  } 
 } 
  

/** 
* Returns boolean true if ORF objects have same identifier;      
* otherwise false 
*/ 

 public boolean equals(Object obj) 
 {  
  String[] split1 = id.split("_"); 
  String[] split2 = ((ORF)obj).id.split("_"); 
   
  if (obj instanceof ORF) 
   return (split1[1].equals(split2[1]));  
  else return false; 
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 } 
  
 /** 
 * Identifier id used as hashcode 
 */ 
 public int hashCode() 
 { 
  String[] split = id.split("_"); 
  return split[1].hashCode(); 
 } 
  
 /** 
 * Returns integer 0 if ORF objects have same length; otherwise 1 
 */ 
 public final int compareTo(Object obj) 
 { 
  return ((ORF)obj).length - this.length; 
 } 
  
 /** 
 * String description of uORF 
 */  
 public String toString() 
 { 
  String result = ">" + id + "_uORF@" + startIndex + "_" + length  
                  + "_" + intercistronicDist + " " + description + "\n" +  
                      orfSequence + "\n"; 
  return result; 
 } 
  

/** 
* String description of upeptide 
*/ 

 public String toString2() 
 { 
  String result = null; 
  try 
  { 
   org.biojava.bio.seq.Sequence seq =  
                          DNATools.createDNASequence(orfSequence,  
                              "nucleotideSequence"); 
   SymbolList symL = seq.subList(1,seq.length()-3); 
   symL = RNATools.transcribe(symL); 
   symL = RNATools.translate(symL); 
   orfSequence = symL.seqString(); 
   protSeq = orfSequence; 
  
   result = ">" + id + "_uPEP@" + startIndex + "_" + length  
                          + "_" + intercistronicDist + " " + description + "\n"  
                              + protSeq + "\n";  
  } 
  catch(Exception e) 
  { 
   System.out.println(e); 
  } 
  return result; 
 } 
  
       /** 
       * String description of main ORF 
       */ 
 public String toString3() 
 { 
  String result = "\t" + id + "_mORF@" + startIndex + "_" +  
                   endIndex + "_" + mORFStartIndex; 
  return result; 
 } 
} 
 
//***************************************************************************** 
// TxtFilter.java 
//***************************************************************************** 
import java.io.File; 
import java.io.FilenameFilter; 
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import java.io.IOException; 
 
class TxtFilter implements FilenameFilter 
{ 
 
  /** 
   * Select only *.txt files. 
   * @param dir the directory in which the file was found. 
   * @param name the name of the file. 
   * @returns true if and only if the name should be included in the file list;     
   * false otherwise. 
   */ 
   public boolean accept (File dir, String name) 
   { 
      if (new File(dir, name).isDirectory()) 
      { 
         return false; 
      } 
      name = name.toLowerCase(); 
      return name.endsWith(".txt"); 
   } 
} 
 
//***************************************************************************** 
// Keyboard.java        
//***************************************************************************** 
 
import java.io.*; 
import java.util.*; 
 
public class Keyboard  
{ 
   private static boolean printErrors = true; 
   private static int errorCount = 0; 
 
   /** 
   * Returns the current error count. 
   */ 
   public static int getErrorCount() 
   { 
      return errorCount; 
   } 
 
   /** 
   * Resets the current error count to zero. 
   */ 
   public static void resetErrorCount (int count) 
   { 
      errorCount = 0; 
   } 
 
   /** 
   * Returns a boolean indicating whether input errors are currently printed  
   * to standard output. 
   */ 
   public static boolean getPrintErrors() 
   { 
      return printErrors; 
   } 
 
   /** 
   * Sets a boolean indicating whether input errors are to be 
   * printed to standard output. 
   */ 
   public static void setPrintErrors (boolean flag) 
   { 
      printErrors = flag; 
   } 
 
   /** 
   * Increments the error count and prints the error message if 
   * appropriate. 
   */ 
   private static void error (String str) 
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   { 
      errorCount++; 
      if (printErrors)  
         System.out.println (str); 
   } 
 
   private static String current_token = null; 
   private static StringTokenizer reader; 
 
   private static BufferedReader in = new BufferedReader  
      (new InputStreamReader(System.in)); 
 
   /** 
   * Gets the next input token assuming it may be on subsequent 
   * input lines. 
   */ 
   private static String getNextToken()  
   { 
      return getNextToken (true); 
   } 
 
   /** 
   * Gets the next input token, which may already have been read. 
   */ 
   private static String getNextToken (boolean skip)  
   { 
      String token; 
 
      if (current_token == null) 
         token = getNextInputToken (skip); 
      else 
      { 
         token = current_token; 
         current_token = null; 
      } 
 
      return token; 
   } 
 
   /** 
   * Gets the next token from the input, which may come from the 
   * current input line or a subsequent one. The parameter 
   * determines if subsequent lines are used. 
   */ 
   private static String getNextInputToken (boolean skip)  
   { 
      final String delimiters = " \t\n\r\f"; 
      String token = null; 
 
      try 
      { 
         if (reader == null)  
            reader = new StringTokenizer  
               (in.readLine(), delimiters, true); 
 
         while (token == null ||  
                ((delimiters.indexOf (token) >= 0) && skip)) 
         { 
            while (!reader.hasMoreTokens())  
               reader = new StringTokenizer  
                  (in.readLine(), delimiters,true); 
          
            token = reader.nextToken(); 
         } 
      } 
      catch (Exception exception)  
      { 
         token = null; 
      } 
 
      return token; 
   } 
 
   /** 
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   * Returns true if there are no more tokens to read on the 
   * current input line. 
   */ 
   public static boolean endOfLine()  
   { 
      return !reader.hasMoreTokens(); 
   } 
 
   /** 
   * Returns a string read from standard input. 
   */ 
   public static String readString()  
   { 
      String str; 
 
      try  
      { 
         str = getNextToken(false); 
         while (! endOfLine()) 
         { 
            str = str + getNextToken(false); 
         } 
      } 
      catch (Exception exception)  
      { 
         error ("Error reading String data, null value returned."); 
         str = null; 
      } 
      return str; 
   } 
 
   /** 
   * Returns a space-delimited substring (a word) read from 
   * standard input. 
   */ 
   public static String readWord()  
   { 
      String token; 
      try  
      { 
         token = getNextToken(); 
      }  
      catch (Exception exception)  
      { 
         error ("Error reading String data, null value returned."); 
         token = null; 
      } 
      return token; 
   } 
 
   /** 
   * Returns a boolean read from standard input. 
   */ 
   public static boolean readBoolean()  
   { 
      String token = getNextToken(); 
      boolean bool; 
      try 
      { 
         if (token.toLowerCase().equals("true"))  
            bool = true; 
         else if (token.toLowerCase().equals("false"))  
            bool = false; 
         else  
         { 
            error ("Error reading boolean data, false value returned."); 
            bool = false; 
         } 
      } 
      catch (Exception exception) 
      { 
         error ("Error reading boolean data, false value returned."); 
         bool = false; 
      } 
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      return bool; 
   } 
 
   /** 
   * Returns a character read from standard input. 
   */ 
   public static char readChar()  
   { 
      String token = getNextToken(false); 
      char value; 
      try  
      { 
         if (token.length() > 1) 
         { 
            current_token = token.substring (1, token.length()); 
         } else 
            current_token = null; 
 
         value = token.charAt (0); 
      }  
      catch (Exception exception)  
      { 
         error ("Error reading char data, MIN_VALUE value returned."); 
         value = Character.MIN_VALUE; 
      } 
 
      return value; 
   } 
 
   /** 
   * Returns an integer read from standard input. 
   */ 
   public static int readInt()  
   { 
      String token = getNextToken(); 
      int value; 
      try  
      { 
         value = Integer.parseInt (token); 
      }  
      catch (Exception exception)  
      { 
         error ("Error reading int data, MIN_VALUE value returned."); 
         value = Integer.MIN_VALUE; 
      } 
      return value; 
   } 
 
   /** 
   * Returns a long integer read from standard input. 
   */ 
   public static long readLong()  
   { 
      String token = getNextToken(); 
      long value; 
      try  
      { 
         value = Long.parseLong (token); 
      }  
      catch (Exception exception)  
      { 
         error ("Error reading long data, MIN_VALUE value returned."); 
         value = Long.MIN_VALUE; 
      } 
      return value; 
   } 
 
   /** 
   * Returns a float read from standard input. 
   */ 
   public static float readFloat()  
   { 
      String token = getNextToken(); 
      float value; 
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      try  
      { 
         value = (new Float(token)).floatValue(); 
      }  
      catch (Exception exception)  
      { 
         error ("Error reading float data, NaN value returned."); 
         value = Float.NaN; 
      } 
      return value; 
   } 
 
   /** 
   * Returns a double read from standard input. 
   */ 
   public static double readDouble()  
   { 
      String token = getNextToken(); 
      double value; 
      try  
      { 
         value = (new Double(token)).doubleValue(); 
      }  
      catch (Exception exception)  
      { 
         error ("Error reading double data, NaN value returned."); 
         value = Double.NaN; 
      } 
      return value; 
   } 
} 
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1.2. Database schema used to manage the data generated by 

uORFSCAN 

 

Figure 1A Database schema used to manage the data generated by 

uORFSCAN. Image (right) is generated by Microsoft Access 2003, which is 

the database management system employed to create and manage the 

physical database. Tables are prefixed with “tbl” to differentiate them from 

both querys and reports (not shown). Primary keys used to relate data from 

one table to another are indicated in bold. Each table contains a list of field 

names, but the data type for each field name is not shown in this particular 

view (right). However, identifiers (ID) and expect are set to data type “text”; 

sequences (SEQ) and annotations/descriptions are set to data type “memo”; 

length, score, and identities are set to data type “number”. 
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1.3. Overview of CMPSCAN 

 Figure 2 Flow chart of CMPSCAN algorithm. 
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